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MICROFACIES DU JURASSIQUE DES DINARIDES EXTERNES 
DE LA YOUGOSLAVTE 

Rajka Radoičič 

Introduction 

La s t r a t i g r aph ie du Jurassiquei des Dinar ides ex te rnes se basa i t 
j u s q u ' a u x joiurs p lus recents s u r les dčcouver tes des macrofossi les . S u r 
les car tes geologiques on a d is t ingue soit le J u r a s s i q u e non differencie , 
soit ce r ta ines pa r t i e s d u J u r a s s i q u e aboi ldantes en macrofossi les : p r i n -
c ipa lement le Liassiqu© (couches a hithiotis et ca lca i res va r i e s a Brach io-
podes) e t le M a l m (calcaires a Cladocoropsis e t ca lca i res d i t s t i t hon-
va lang in iens h. EUipsactinia, Poiypiers , Diceras e t Nerinea). La f a u n a de 
Cephalopodes n ' e ta i t connue q u e d ' u n pe t i t n o m b r e d e localites: que lques 
a f f l e u r e m e n t s des couches l iass iques a Cephalopodes a u Mon teneg ro du 
Nord et a I 'Herzegovine e t couches d e L e m e š ju rass iques supe r i eu res d e 
la Da lma t i e moyenne . Les t r a v a u x p o u r la ca r t e geologique des D ina r ide s 
e x t e r n e s au 1 : 2 5 000e q u e Ton execu te dans ces demders t e m p s ava ien t 
d e m o n t r e qu ' i l f a u d r a i t d isposer des donnees s t r a t i g r aph iques detai l lees 
e t b e a u c o u p p lus nombreuses ob tenues u n i q u e m e n t p a r les e t u d e s b ios t ra -
t i g i aph iques complexes. Les p r e m i e r s essais des e tudes micropa leonto-
logiques ava ien t de j a o f f e r t d e t r e s i m p o r t a n t s r e su l t a t s en decouvran t 
les n o m b r e u x microfoss i les m e m e dans les sed imen t s qui e t a i en t te rms 
steriles. II n ' e ta i t pas r a r e q u e ces sed imen t s ju ra s s iques f u s s e n t r a n g e 
jusqu ' a ce m o m e n t dans le Tr i a s s ique ou d a n s le Cre tace super ieur . Les 
Etudes micropa leonto log iques e t s u r t o u t les e tudes des mic rofac ies ava ien t 
sans d c u t e g r a n d e m e n t eclairci les p rob l emes du J u r a s s i q u e des Dinar ides 
ex t e rnes — les r e su l t a t s des t r a v a u x execu tes ju squ ' a p r e sen t dans ce 
domaine sont l 'ob je t de cet apergu. 

E t a n t donne q u e lee. microfac ies jurass iques , p r e p a r e s p o u r e t r e 
i m p r i m e s en 1961, n ' e t a i en t p a s pub l ics a t e m p s ut i le , on a f a i t u n 
complement le p lus necessa i re e n t e n a n t g r a n d compte d e la b ib l iographie 
a p p a r u e su r ces en t re - t emps . E n plus, la p resen ta t ion d e ce r ta ines ser ies 
es t c o m p l e t e de que lques donnees p l u s in te ressan tes ob tenues apres 1961. 
II est a soul igner q u ' a u j o u r d ' h u i on dispose d e t res in te ressan t s m a t e r i a u x 
micropaleonto logiques d ' u n g r a n d n o m b r e de colonnes jurass iques de-



ta i l lement levies , n o n seu lemen t a l ' l n s t i t u t de r echerches geologiques 
e t geophys iques a Belgrade , m a l s aussi a u x au t r e s cen t res geologiques 
a L j u b l j a n a . Zagreb , S a r a j e v o e t Ti tograd. Cela veu t dire, q u ' a u j o u r d ' h u i 
a u m o m e n t d e la publ ica t ion des microfac ies jurass iques , la se r ie j u -
rass ique des Dina r ides e x t e r n e s d e Yougoslavie est e tud iee beaucoup p l u s 
l a rgemen t e t p lus m inu t i eu semen t q u e ce q u e l 'on p o u r r a i t conc lure de 
ce t ravai l . 

A u cours de 1'etude des microfac ies ju ra s s iques des Dinanides e x t e r -
nes m a collegue Aleksandra D a n i l o v a , qui t ravai l le egalement sur 
l ' e tude des microfac ies j u r a s s iques e t c re taces d 'une p a r t i e des Dina r ides 
i n t e rnes est des mon tagnes ca rpa tho-ba lkan iques , n ' a p a s hes i te k 
m ' a p p o r t e r son c^ncours d a n s u n e col labora t ion uti le . J e voudra i s a ce t te 
occasion la r e m e r c i e r cha l eu reusemen t p o u r ce t te col laborat ion d e lom-
gues annees . J e r e m e r c i e Egalement M. l e P r o f e s s e u r Za r i j a B e š i č e t 
m a collogue S m i l j k a P a n t i č avec lesquels j e t ravai l la is p lus ieurs 
annees sur les t e r r a i n s montenegr ins , a ins i q u e l e col legue D j o r d j e 
C e k i č p o u r les pho tos reuss ies des l ames minces micrc/paleontologiques. 

Belgrade, novembre 1964. 

NOTE STRATIGRAPHIQUE 

Les microfac ies ju ra s s iques des Dinar ides ex t e rnes sont exposes 
su ivan t les reg ions respec t ivement su ivan t les colonnes s t r a t i g r aph iques 
pa r t i cu l i e res (fig. 1). La m a j e u r e p a r t i e de colonnes s t r a t ig raph iques t i r en t 
l e u r o r ig ine des Dina r ides montenegr ines . P o u r ce doma ine o n presente , 
dans le b u t d e comple te r l ' image s u r les condi t ions paleog£ographiques , 
a cdte des series ju rass iques des zones var iees des Dinar ides ex te rnes 
ega l emen t les microfacies d ' u n e p a r t i e des Dina r ides in te rnes (zone 
e x t e o i e des Dinar ides in te rnes : l e J u r a s s i q u e des env i rons d e P l jev l je ) . 

S u r le deve loppemen t de la m a j o r i t e des ser ies en ques t ion o n avai t 
de j a ecr i t (H. K a d o i č i č , 1963/64); c 'est pourquo i on n e p r e s e n t e q u e 
les apergus s t r a t ig raph iques tabel la i res avec r e m a r q u e qu' i ls sont p lus 
ou moins schemat ises en fanc t ion d u deg re d e l eu r connaissance. n n e 
sera i t pas s u p e r f l u d e r e p e t e r la conclusion re la t ive aux carac te res d e 
la sč r ie ju rass ique des Dinar ides externes , a savoir : 

«— la var iabi l i te p rononcče d e l ' epa isseur (de que lques dizaines a 
p lus d e 1 200 m); 

— la sed imenta t ion d e l ' eau p e u profonde , d e l ' i n f r ane r i t i que k cel le 
d e l ' eau peu p r o f o n d e l i t to ra le f i n a l e y inclus le r eg ime l aguno- lacus t re 
dans le K immer idg i en et le P o r t l a n d i e n i n t i m e m e n t lie avec les baux i t e s 
e t d a n s cer ta ines reg ions ega lement g r a n d e s lacunes d a n s la co lonne 
s t ra t ig raph ique , e t 

— la va r i e t e des fac ies d u ca r ac t e r e zone, quo ique d a n s cer ta ines 
zones se sen t i t u n e d i f fe renc ia t ion p lus impor t an t e d a n s la d i rect ion 
longi tudinale . Tempora l re ment , les d i f f e r e n t i a t i o n s fac ia les s 'observent 
p ro pa r t e au Liassique, e t s u r t o u t d a n s l e Dogger e t le Malm in fe r ieur , 



t and i s que r h o m o g e n e i t e des fac ies d ' u n e vas te e t endue des Dinar ides 
ex te rnes d e Yougoslavie ca rac te r i se la pe r iode a p r e s le K immer idg i en 
(s&rie a Clypeina jurassica, se r ie a T in t inn ines a b e r r a n t e s * eftc )». 

L ' i m p o r t a n c e des microfaoies e n ques t ion n 'es t p a s t o u j o u r s la m e m e 
— je considere qu ' i l es t nčcessaire , p o u r conna i t r e le d&veloppe-ment 
d ' u n e serie, d e conna i t r e nem seu lement l es microfac ies carac te r i s t iques 
ma i s aussi ceux d e 1 ' importance s t r a t i g r a p h i q u e s e c o n d a r e ou m e m e 
ceux s t r a t i g r a p h i q u e m e n t i n d i f f e r e n t s (en , t i t re d 'exemples , ca lca i res 
var ies a Ostracodes , Thaumatopore l l es , ce r ta ines Codiacees, Cyanophytes , 
e tc ) m a i s qu i d a n s u n e reg ion r e s t r e in t e ou d a n s u n e zomet pa leo-
geog raph ique d e t e r m i n e p e u v e n t e t r e l es «marquers» s t r a t i g r aph iques 
t r e s i m p o r t a n t s (par ex., calcaires microool i thiques , ce r ta ins calcaires 
ool i th iques-d e t r i t iques e t ool i th iques a Echinodermes , ca lca i res o r g a n a 
genes -d£ t r i t iques £ Echinodermes , Crdstellaria e t a u t r e s L a g e m d e s du 
J u r a s s i q u e i n f e r i e u r c ' e s t -a -d i re d u U a s s i q u e e t d u Liassique-Dogger) . 

L e s mic rofac ies qu i su iven t sont t r e s r e p a n d u s et t r e s ca rac te -
r i s t iques p o u r ce r t a ines periode« d u J u r a s s i q u e des Dina r ides e x t e r n a : 

LIASSIQUE 
Les microfac ies a 

__ Trtassina hantkeni, Aulotortus, Sestrosphaera 
Palaeodasycladiis mediterraneus 

— Orbi topsel la p r aecu r so r 
— Lituosepta recoarensis 
— Spirillina liassica. Trocholina sp. nov. e t Lagen ides 

Vidalina martana, Glomosyira sp., etc 

DOGGER 

Les microfac ies a 
Globigerina helveto-jurassica 

— Dictyoconus cayeuxi 
— Selliporella donzellii, Teutloporella gallaeformis 
— Nerinella 
_ Trochamminidae, Textulariidae, Verneuilinidae ( f requentes) et 

Endothyra sp. 

DOGGER SUPČRIEUR ET MALM INFfiRIEUR 

Les microfac ies a 

— Protopencroplis striata e t Trocholina 
— Pfenederinidae 

tiru 
esp< 



Les microfacies a 

— microfossi les problematiquies P r 3 et P r 6, Bryozoaires (?) Br 1, 
Codiacea C 1, etc. 

— Labyrinthina mirabilis 
— Cladocoropsis mirabilis e t K u r n u b i e s 
— Kumubia palastiniensis e t Kumubia wellingsi 
— Conicospirillina 
— Saccocoma 
— Pianella grudii e t Cha rophy te s 
— «Macroporella» sellii 
— «Lituonella» sp. 
— Clypeina jurassica, et 
— Calpionelles. 

GINIEN)^ I N T E R M £ D I A I R E S : JURASSIQUE-CRfiTACe (INFRAVALAN-

Les microfacies a 

— Clypeina jurassica e t Tint i rmines aber ran tes , et 
— Calpionellopsis, Tint innopsel les et Calpionelles peu f requen tes . 

A cote des microfacies ci tes on a observe q u e les microfacies a 
Pseudocodium convolvens (pi. 9/2, pi. 10/1, Bullopora sp. (pi 104) e t 
Clypeina spp. (pi. 35 e t 36) o u t ega lement u n e extens ion s t r a t ig raph ique 
t r e s res t re in te . L e u r va leur s t r a t i g r a p h i q u e ne pouva i t pas e t r e ver i f i ee 
e tan t d o n n e qu ' i ls n e sont p a s constates, dans le cadre des e tudes fa i tes 
ju squ ' a present , q u e d a n s les ser ies ici presentees . 

En t e r m i n a n t i l f a u d r a i t soul igner q u e l ' e tude des microfacies j u ra s -
s iques est f a i t e g r ace a nombreuses observat ions s u r le te r ra in , C'est ce 
qu i a pe rmis d 'obse rver beaucoup p lus fac i le la migra t ion des f a d e s 
d a n s le t e m p s e t espace don t il f a u d r a i t tenir g rand compte a l 'occasion 
de 1 in t e rp re t a t ion s t r a t ig raph ique . J e c i tera is un exemple : les calcaires 
a Elhpsactinia des zones pa leogeographiques determdnees des Dinar ides 
ex te rnes appara i ssen t d a n s l e Malm in fe r ieur , t and is q u e les calcaires a 
Elhpsactinia d ' a u t r e s zones a y a n t la posit ion des fa la ises p a r r appo r t a u x 
sil lons de ce miogeoeyncl inal (par r a p p o r t au sillon de Budva -Boka ou 
celui a u Nord : la fa la i se a peu p res d e la ligne V j e t a r n i k - D u r m i t o r -
Nevesinje) sent sans dou te p l u s j eunes — ils se t r o u v e n t dans le Malm 
super ieur . 

* 

Les lames minces micropaleontologiques appa r t i ennen t a la Collection 
des lames mances micropaleontologiques d e l ' l n s t i tu t de recherches eeo-
logiques e t gecphys iques a Belgrade. 

¥ Etant donne qu'aux domaines examines apres le Juras&ique SUD 
s etaient continument deposees les couches cretacees i n f e r i eu re s& cote des 
microfacies jurassiques de certaines series on p r e s i t e ega l e^ ln t le m i c r t 
facaes infravalanginiens et valanginiens infčrieurs. 
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Calcaires a Tintinnines aberran-
tes e t aut res microfossdies. Do-
lomies. 

Calcaire a Clypeina jurassica, 
autres Dasycladacees e t Forami-

(Jurassique superieur de niferes. Dolomies. 
la Kra j ina d© l'Est n'est 
pas etudie.) Calcaires a Cyanophytes, Conico-

spirillina, Pseudocyclammina, Di-
, . , . ceras, Nerin£id£s et rares Clado-Calcaires organogfcnes et ^ 

organogenes-detntiques 
a Hydrozoaires, Poly-
piers, etc. Calcaire or- Calcaires massifs biohermes a 
ganogene-detritique avec polypiers coloniaux; Ellipsacti-
petits morceaux de nia, autres Hydrozoaires, Diceras 
jaspes. et Nerineides. 

i Calcaires orgainog£nes-detritiques 
* k Gasterapodes, Polypiers soli-

taires, Hydrozoaires, Pseudoco-
dium coiiv-olvens, autres Algues et 
Protopeneroplis striata 

Breche heterogene (les Calcaires oolithiques a Trocho-
composantes: calcaires lines, Protopeneroplis striata, ra-
liasiques varies et res Dasycladacees et autres 
jaspes). Algues. 

Calcaires oolithiques et oolithi-
t ques-detritiques a Echinodermes, 

« , , . Laeenides, Vidalina et autres Calcaires a jaspes (Bra- F o ® a m i n i f - r e s . 
chiopoaes) et zones a 
jaspes. 

i Calcaire a Orbitopsella et autres 
Foraminiferes, calcaire k Palaeo-

4, dasycladus mediterraneus. 

Dolomies et calcaires a Megalodontides. 

16 & 18 

13 ž 15 

11, 12 

10/2 

10/1 

8, 9 

7/2 

6, 7/1 

5/2 

5/1 

4 

3 
2 
1 



LA SČRIE JURASSIQUE DE LA BORDURE OUEST DE LA ZETSKA RAVNICA 
ET DU DISTRICT VERS L'ANCIEN MONTENEGRO 

Age F a c i 6 Planche 
Ni 

§ 

«.2} -h c-< 

i/i 

Calcaires a Tintmnines aberrantes; calcaires 
k Coprolithes, Dasycladacees, etc.; calcaires 
dolomitiques et dolomies. 

C ale aire a Tintinnines 
aberrantes ©t Clypeina 
jurassica. 

Dolomies. 

Dolomies, calcaires dolomitiques et calcaires 
a Clypeina jurassica (pro parte, dans la par t ie 
inferieure: calcaire k Charophytes). 

Calcaire k Kurnubies, 
Cyanophytes, Hydrozoai-
res, etc.: dolomies. 

Calcaire a Clypeina 
spp., Kurnubies, etc. 

Caloadires a Cladocoropsis mirabilis, Kurnu-
bies, Pseudocyclammina, Cyanophytes et 
Dasycladacees. Pro parte, dans la part ie in-
ferieure: calcaire oolithique a Trocholines. 

Calcaiire divers, grumeleux et organogene-det-
ritique a Pfenderinides, Trochammimd^s, 
Textularides, Verneuilinides e t Dasycladac£e 
Teutloporella gallaeformis. Calcaire oolithique 
a Protopeneroplis striata. 

Calcaires k Selliporella donzellii, Teutloporella 
gallaeformis et autres Dasycladacees, puis 
Trochamminid6s, Textularides, Verneuilinides, 
etc. Calcaire oolithique k Protopeneroplis 
striata. 

Calcaire a Dictyoconus 
cayeuxi. 

Calcaires a Trochammdnides, 
Textularides, etc. Calcaire gru-
meleux k Thaumatoporella. 

Calcaires oolithiques; calcaire a Glomospira 
et Codiacees; calcaires k Lithiotis, Pseudo-
cyclammina, Lituosepta, Orbitopsella et Pa-
laeodasycladus. 

Calcaire a Palaeodasy- , 
cladus mediterraneus. uoiomies. 

Dolomies et calcaires k Megalodontides. 

41 

39, 40 
38 

35 i 37 
34/2 

34/1 

33 
32 
31 

30 

29 

28 

27 
26 
25 
24 
23 

20 a 22 

19 



LA SfiRIE JURASSIQUE DE LA BORDURE NORD DE LA ZETSKA RAVNICA 
DISTRICT DE DEClC ET DE CIJEVNA 

Age F a c i a s 
Planche 
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Calcadre peu bitumineux a Tin-
tinnines aberrantes, Coprolithes, 
Salpingoporella annulata, Gaste-
ropodes, etc. 

Calcadre peu bi tumineux a Cly-
peina jurassica, Tin tannines aber-
rantas e t Salpingoporella annulata. 

Dolomies, calcaire dolomitiques et 
bitumineux e t calcaire a Clypeina 
jurassica. 

t 
Calcaire k Cha- Calcaire a rares Calcaires organogenes 
rophytes, Ostra- Clypeines, «Macro- e t organogenes-detri-
oodes, Pianella porella» sellii et tiques a Hydirozoaires, 
jrudii et Ostr£- Cyanophytes, «Li- Polypiers, Brachiopo-

tuonella», Kurnu- des, Nerinčes et Di-
bia, etc. ceras. 

Calcaire a Cladocoropsis mirabilis, Calcaires oolithiques 
Cyanophytes, «Macroporella» sellii, et oolithiques-d6triti-
Kurnubies e t autres Foraminiferes, ques a Protopenerop-

lis striata e t rares 
Cladocoropsis, calcai-
re h Codiacees. 

55 

54/2 

54/1 

49 k 53 

46 A 48 

45/2 

45/1 

44 
42, 43 



Tableau Jfc4 

LA SfiRIE JURASSIQUE DE LA MONTAGNE VOJNIK 

Age F a c i h Planche 
JSfe 

Calcaires a Tin tin nines aberrantes, 
Coprolithes. Dasycladac6es, Nerinees, etc. 

Calcaire a Clypeina jurassica et Tintinnines 
aberrantes. Dolomies. 

Calcaire a Clypeina jurassica. Dolomies. 72 

Calcaiires orga-
nogenes et or-
ganogeno-detri-
tiques š Hydro-
zoaires, Poly-
piers, Diceras, 
Nerineides, etc. 

Calcaire marneux k Ostracodes, Cha-
rophytes et Pumella grudii. 

Niveau du calcaire 
conglomeratique et 
de celui d'aspect 
conglomeratique et 
traces de bauxite. 

Bauxite 

Calcaire organoge-
no-dčtritique a 
Hydrozoaires, Po-
lypiers, etc. 

Calcaires organogdno-detritiques a 
Trocholines et Protopeneroplis stri-
ata. Dolomies. 

Calcaire a Lamellibranches pčlagi-
ques, calcaire a Globiig§rines. Micro-
breche. 

w ^ cc v —• u 
u -flj 

M 

Calcaire mairneux rougeatre et calcaire a La-
genides, Spirillina liassica e t C<§phalopodes. 

Marno-calcaire et calcaire marneux a Lageni-
des et Spirillina liassica. Dans la partie 
inferieure: calcaire a Triassina hantkeni. 

Dolomies et calcaires a Megalodotntid^s. 



LA SERIE JURASSIQUE DE KOSANICA ET DE KRALJEVA GORA 

Age F a c a k s Planche 
Jfs 

s 
i 

Z Calcaire marneux et mamo-calcaire k Cal-
pionella, Calpionellopsis et Tintinnopsella. 

79 
u 

Calcaire marneux et mamo-calcaire k Cal-
pionella, Calpionellopsis et Tintinnopsella. 

1 
M

a
lm

 
in

fe
r.

 
su

pi
 

La serie clastique — calcaire marneaux h 
Calpionella et Radial aires, marne, calcareni-
tes, calcadres brechiques, etc. 

Calcaires organogfcnes e t organogenes-de tri t i-
ques a Mollusques, Polypiers, Hydrozoaires 

78 
77 

76 
75/2 

t_i et Codiacees. 
o> 
Ofi 
Ofi 
0 Q 

Calcaires divers k petits Foramiriiferes et 
Aeolisaccus. 

75/1 

Calcaires rougeatres et grisatres k Globo-
chaete, Lagčnides, Lamellibranches p61agi-
ques, etc. 

Calcaires rougeatres et grisatres k Globo-
chaete, Lagčnides, Lamellibranches p61agi-
ques, etc. 

74/2 

L
ia

s 

Calcaire rouge a Lagenides, Vidalina martana, 
Spirillina liassica et Cephalopodes. 

74/1 

Calcaires grisatres a Thaumatoporella et 
Aulotortus. 

73 

T
ri

a
s 

su
pe

ri
eu

r 

Calcaires grisatres a Thaumatoporella et 
Aulotortus. 

T
ri

a
s 

su
pe

ri
eu

r 

Calcaire k Megalodon tides. 



LA SfiRIE JURASSIQUE DES ENVIRONS DE PLJEVLJA 
DINARIDES INTERNES 

Age 
F a c i e s 

au Sud au Nord 

Planche 
Ms 

S 

£ 
Marne et calcaire mar-
neux a Calpionella, Cal-
picmellopsis et Tintin-
iwpsella. 

u xu 
a p 

S w 

<a 

«M 

Marne et calcaire mar-
neux a Calpionella, Cal-
picmellopsis et Tintin-
iwpsella. 88 

u xu 
a p 

S w 

<a 

«M 

Calcaire marneux a Cal- Calcaire a Calpionella e t Ammo-
pionella. nites (d'apr^s les materiaux de 

I'lnstiitut Geol. — Titograd). 

La serie des calcaires et 
jaspes (calcaire marneux, 

87 
86 

85/2 

D
o

g
g

e
r 

calcaires silifies a Radio- La »Diabase 
laires e t LamelIibranches -Hornstein 
pelagiques, calcaires d6- Formation«, 
tritiques-oolithiques, de-
tritiques et brechaques, 
jaspes). Calcaire rougea tre- gris a tre, mar-

neux, & Lamellibranches pelagi-
ques et rares Globigčrones. 

87 
86 

85/2 

calcaires silifies a Radio- La »Diabase 
laires e t LamelIibranches -Hornstein 
pelagiques, calcaires d6- Formation«, 
tritiques-oolithiques, de-
tritiques et brechaques, 
jaspes). Calcaire rougea tre- gris a tre, mar-

neux, & Lamellibranches pelagi-
ques et rares Globigčrones. 

Calcaire rouge a micro- Calcaire rouge a Cephalopodes 
fossiles peu abonndants Lagenides, Spirillina liassica, Bra-
(Lagenides, Spirillina chiopodes, etc. 
liassica, etc.). 

85/1 

84 

(6 
j Calcaire rougea tre a Lag£nides, 

Spirillina liassica et aufcres, Fora-
mini feres. 

83 
82 
81 

Calcaire grisatre et brun a t re a 
rares microfossiles (Ostracodes et 
Thaumatoporella). 

80 

T
ri

a
s 

su
pe

ri
eu

r 

Calcaires a M egakxkxntides e t Dasycladacees. 



LA SfiRIE JURASSIQUE DE L'HERZfiGOVINE DU SUD 
DISTRICT ENTRE DUBROVACKO PRIMORJE ET TREBINJE-POPOVO POLJE 

Age F a c i a s Planche 

S 

Z 

Dolomies. 
Cailcaires dtifferesnts a Tintmni-
nes aberrantes; calcaires a Copro-
lithes, Salpingoporella annulata 
et Nerineides. 

S 

Z 
Dolomies. 

Calcaires a Clypeina jurassica, 
Pianella gigante a e t Tintinnines 
aberrantes, calcadre k Coprolithes. 

109 
108 

u 3 V •e 
a 

Dolomies et calcalres Calcaire a Clypeina jurassica et 
dolomitiques a Clypeina niveau de calcaire & Chairophytes. 
jurassica. 

107 
106 
105/2 

M
a

lm
 

?r
ie

ur
 

su
 

Calcalres organogenes-
dčtritiques k Hydrozoai-
res, Polypiers et Neri-
neides. 

Calcaires a Cladocoropsis mirabi-
lis, Kurnubies, Bullopora, «Mac-
roporella» sellii, etc. Dolomies. 

105/1 
102 a 104 

3 Calcaire a Pfenderinides. Calcaire a petirs Foraminiferes. 101 
100 

u 
V fcfi 

Calcaires organogenes-d§tritiques k Sellipo-
rella donzellii; Endothyra sp. et autres Fora-
miniferes (Textularides, Trocbanuminides, 
Verneuilinidčs), Microgasteropodes (Nerinella 
et au t ) , etc.; dolomies. 

96 a 99 

Q Calcaires oolithiques et calcaire a Copro-
lithes. Dolomies. 

95 
94/2 

Dolomies, calcaires oolithiques et calcaires a 
Echinodermes, Glomospira, etc. 

94/1 
93/2 

Dolomies, calcaires oolithiques et calcaires a 
Echinodermes, Glomospira, etc. 

94/1 
93/2 

L
ia

s 

Calcaires a Lithiotis, Orbitopsella, Lituosepta 
et Palaeodasycladus mediterraneus. 

93/1 
91, 92/2 
89/2,90 

Dolomies. Calcaire k Palaeodasycladus. 89/1 

CO 3 
co u. 
u 
H §* Ui 

Dolomies et calcaires a Megalodontides. 



Tableau Ks 8 

LA SfiRIE JURASSIQUE DE LA REGION MOSOR-BIOKOVO-BAClNE 

Age Mosor Biokovo Bačine 

tH 
3 <v 'C »o 

S 3 

cd v 
— C 

Calcaires varies a Tintinnines aberrantes, Copro-
lithes, Dasycladacees, Nerinčidčs, etc. 

Calcaire a Clypeina jurassica et Tintinnidčs 
aberrantes. 

Calcaires organog&nes-detritiques, marneux, gru-
meleux et dolomitiques k Clypeina jurassica 
Dolomies et calcaire brdchique. 

Calcaire a Laby-
rinthina mirabilis, 
Pseudocyclammi-
na, Cladocoropsis. 
Calcaire dolomitd-
que et parties in-
considerables de 
dolomies. 

Calcaire orgamogč-
ne-detri t ique et 
a u t a Codiacees, 
Pseudocyclammi-
na, Kumubies , Hy-
drozoaires, Poly-
piers et Nerin&des. 

Calcaire k Clado-
coropsis mirabilis, 
Kurnubies, Ciano-
phytes, etc. 

Calcaire k Pfende-
rinadčs et Pseudo-
cyclammina; cal-
caire dolomiitdque 
et dolomie. 

Calcaire organoge-
ne-d^tritique a Sel-
liporella donzellii; 
calcaire oolithique 
a Protopeneroplis 
striata et Trocho-
lines. Dolomie et 
calcaire br&chique. 

Calcaire oolithi-
que a Dictyoco-
nus cayeuxi. Cal-
caire brfechique. 
Dolomie. 

Calcaire grumeleux, calcaires ooliti-
thiques varies et parties inccxnside-
rables de dolomie. 

Calcaire a Lithiotis, Lituolidčs, OrbU 
topsella, Palaeodasycladus, etc. 

Dolomies. 

Dolomies a Megalodontidčs. 

Calcaires organo-
genes-d£tri tique®, 
detriti ques-ooli-
thdques et calcaire 
oolithique. 



L A SČ1RIE JURASSIQUE DE LEMEŠ ET DE SES ENVIRONS 

Age 
F a c i e s 

Lemeš Environs plus 
large de Lemeš 

Calcaires a Dasycladacees 
ra res Foramini fš res et 
Gasteropodes. 

Dolomies avec in terca la-
tions de calcaire organo-
gene-detr i t ique a pet i ts 
morceaux de jaspes et Calcaire a fossiles fo r t ra res 
Codiacees,1 Teutloporella (Conicospirillina et autres). 
cf. obsoleta, Conicospiril-
lina, Aptichus. 

La serie des calcaires et 
jaspes k Cčphalopodes, 
Radiolaires, etc. Dans la 
par t ie super ieure : calcaire 
tachete a nombreux Am- Dolomies. 
monites et Saccocoma; 
dans la par t i e la p lus 
ancienne: calcaire a ra res 
Miliolides, calcaire a Glo-
bigerines et Radiolaires. Calcaire a Pfender inides , do-

lomie sterile. 

Calcaire grumeleux, oolithi-
que et dolomit ique a fossiles 
fort rares. Dolomies. 

Calcaire ooli thique sterile, 
calcaires ooli thiques varies 
a Glomospira et au t res Fora-
miniferes. Dolomies. 

Calcaire a Lithiotis, Orbi-
topsella, Glomospira, etc. 

2 — G e o l o g i j a St. 9 17 



Tableau Ms 10 

LA SfiRIE JURASSIQUE DES ENVIRONS DE ROVINJ 

Age F a c i e s Planche 
Ni 

N
eo

co
m

ie
n Calcaire k Tintinnines aberrantes, calcaire 

a Salpingoporella annulata, Coprolithes, 
rares Foraminiferes, etc. Dolomie et cal-
caire dolomitique. 

Calcaires organogenes de-
Calcaires criptocristallins, tritiques, subcristallins, a 
calcaire grumeleux k Cly- Hydrozoaires, autres ma-
peina jurassica (dans la crofossiles, Coprolithes et 
partie supčrieure: niveau nombreux Foraindn if feres 
a Charophytes. Dolomies. («Endothyra») Pfenderini-

des, Verneuilinid6s, Tex-
tularides, Pseudocyclam-
mina). 

141 

140/2 

su
pe

ri
eu

r 

Calcaire k Tintinnines aberrantes, calcaire 
a Salpingoporella annulata, Coprolithes, 
rares Foraminiferes, etc. Dolomie et cal-
caire dolomitique. 

Calcaires organogenes de-
Calcaires criptocristallins, tritiques, subcristallins, a 
calcaire grumeleux k Cly- Hydrozoaires, autres ma-
peina jurassica (dans la crofossiles, Coprolithes et 
partie supčrieure: niveau nombreux Foraindn if feres 
a Charophytes. Dolomies. («Endothyra») Pfenderini-

des, Verneuilinid6s, Tex-
tularides, Pseudocyclam-
mina). 

140/1 

137& 139 

136/2 

g 
•—i •— 
(0 £ 

Calcaire organog£ne-dčtri-
tique et autres k Trocho-
lines, autres Foraminiferes 
et Bačinella. 

136/1 
135 

if
er

ie
ur

 Calcaire k Cladocoropsis mirabilis, Thau-
matoporella parvovesiculifera et Foramini-
feres. 

Calcaire grumeleux, calcaires criptocrista-
lins varies a Pfenderinides, Thaumatopo-
rella parvovesiculifera, Brachiopodes, etc. 

134 



LA SfiRIE JURASSIQUE DES ENVIRONS DE SOSlCE (2UMBERAK) 

Age ; F a c i e s 
Planche 

K? 

1 
Se

no
n 

io
n 

La serie clastique du Senonien supe-
rieur (breche heterogene avec debris 
de tous les calcaires jurassiques cites). 

j 
M

a
lm

 Calcaire marneux et \ 
calcarenite k Calpio- \ 
nelles. \ 

Calcaire k fins debris \ 
organogenes, calcaire Calcaire organogeno-de- \ 
a Radiolaires et La- tr i t ique a Dasycladacees, \ 
mellibranches p61a- Codiacees, Polypiers, etc. \ 
giques. \ 

148 

147/2 
147/1 

D
o

g
g

e
r Calcaires a fossiles fort rares — Lamelli- \ 

branches peu abondantes, Radiolaires, \ 
Echinodermes, etc. Calcaiires oolithiques \ 
et pseudo-oolitiques. (Couches peu etu- \ 
diees du point de vue paleontologi que). \ 

Calcaire organogčno-detritique a Lage- \ 
nides, Spirillina liassica, debris d'Echi- \ 
nodermes, etc. \ 

146/2 
146/1 
145/2 

L
ia

s 

Calcaire a Lituosepta Calcaire organog6no-de- \ 
recoarensis, calcaire tri t ique a Palaeodasy- \ 
oolithique-detritique. cladus mediterraneus et \ 

petits Foraminiferes. \ 

145/1 

144 
143 

Calcaire microcristal- \ 
lin, cryptocristallin \ 
et oolithique (en ma- \ 
jorite sterile). \ 

142 

T
ri

a
s 

su
pe

ri
eu

i 

Dolomies et calcaires a Megalodontides. 

i 
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1. Foraminifera 
EXTENS ION STRATIORAPHIQUE P E S FOSS I LS JURASS i aUES P E S D I V I D E S E X T E R N E S DE LA YOUGOSLAVIE 

Permodiscus sinuosus (W e y ri s c li e 11 k|-
Triassina hantkeni M a j z o n 
Vidalina martana F a r i n a c c i 
Tetrataxis conica E h r c m b c r k 
Glomospira spp 
Lagenidae 
Spirillina liassica ( J o n e s) 
Spirillina spp 
Trocholina cf. conica (S c h 1 u m b. ) 
Trocholina sp. nov. 
Haurania amiji H e n s o n 
Orbitopsella praccursor ( G u m b e 1) 
Lituosepta recoarensis C a t i 
Ophtalmidium cf. macfadyeni W o o d & b a r . 
Pseudocyclammina spp. 
"Trochaminidae" 
"Textulariidae" 
"Vemeuilinidae" 
Dictyoconus caycuxi L u c a s 
Globigerina helveto- j u r a s s i c a H a c u s a. 
Endothjyra sp. 
Trocholina alpina ( L e u p ) . 
Trocholina elongata ( L e u p.) 
Trocholina spp. 
Protopeneroplis striata W e y n s c h e n k •• 
Pfenderina salernitana S a r t . & C r c s c. 
Pfenderina trochoidea S m o u t & S u g 
Meyendorffina bathonica A u r . & B i z o n -
Pseudocyclammina lituus (Y o k o y a m a) 
Kurnubia palastiniensis H e n s o n 
Kurnubia wellingsi (H e n s o n) 
Nautiloculina cf. oolithica M o h 1 e r 
Conicospirilina basiliensis M o h 1 e r 
Labyrinthina mirabilia W e y n s c h e n k - . . . 
Bullopora spp 
"Lituonella" sp. 

D 0 G G E R M 
I N F Č R I E U R 

L M 
S U P E R l E U R 

N t O C 
VAL AN G IN IE N 

0 M I E N 
I H A U T E R I V I E N 

— csptec cbonctanU 

— cftptcc ror* 

n p i c e present« 



2. Algae, Microproblematica, Tintinnina, etc. EXTENS ION STRATIGRAPHIQUE DES FOSS I L S JURASS IQUES D E S ClNARlDES E X t E R N E S OE LA YOUGOSLAVlE 

L I A S 0 O G G E R M A L M 
1 N F E R I E U R | | S U P E R l E U R 

N E O C O M I E N 
V A L A N G I N I E N I H A U T E R I V I E N 

Thaumatoporella parvovesiculifera ( R a i n . ) 
Sestrosphaera Hasina P i a 
Palaeodasycladus mediterraneus P i a 
Selliporella donzellii S a r t . & C r e s c 
Dazikladacea D4 
Dazikladacea D25 
"Macroporella" sellii C r e s c e n t i . 
Petrascula bursiformis E t t a 1 o n 
Clypeina spp 
Clypeina jurassica F a v r e 
Salpingoporella annulata C a r o z z i 
Charophyta 
Pianella grudii R a d o i č i č 
Pianella pigmaea P i a 
Pianella gigantea C a r o z z i 
Teutloporella obsoleta C a r o z z i 
Cyanophyta 
Codiaceae: Cayeuxia, etc 
Codiaceae CI 
Boueina-Halimeda 
Bačinella irregularis R a d o i č i č 
Pseudocodium convolvens P r a t u r l o n 
Microproblematica Pr 
Microproblematica Pr 
Bryozoaire (?) - B1 
Aeolisaccus spp. 
P r e t h o c o p r o l i t h u s c e n t i p e t a l u s E l l i o t -

Favreina salevensis (P a r e j a s) 
Cladocoropsis mirabilis F e l i x 
Ellipsactinia spp. 
Annelides 
Saccocoma A g a s i z 
Globochaete alpina L o m b a r d 
Calpionella alpina L o r c n z 

Oalpionella elliptica C a d i s c h 
Tintinnines aberrantes 

especa abondant« 

esptcc rar« 

«spic« prfs«nt« 



LA S&RIE JURASSIQUE DES VERSANTS NORD DE LA MONTAGNE RUMIJA 
(Tableau Jfe 1) 

Planches: I & XVI11 

2 — G e o l o g i j a St. 9 



Fig. 1 et 2 
Calcaire grumeleux, en part ie subcristallin, k Palaeodasycladus mediterraneu& 
Pia (X17). PI. mince 3069—60. Dans l'association: petits Foraminiferes neu 
abondants 
Montagne Rumija, versants nord, Kra j ina de l'Ouest 
L I A S I N F F I R I E U R 

Les calcaires a Palaeodasycladus sont souvent tachetes quodque ce ne soit pas 
lei le cas. Ces taches grandes de 0,5 k 1,5 m m sont de fa i t les Cyanophytes 
dont le noyau renferme d'ordinaire des Palaeodasycladus. Dans ces cas ils sont 
tenement mal preserves («dissolus») que leur construction k peine s'apercoit 
dans la lame mince 





Fig. 1 
Calcaire a Frondicularia sp. et Radiolaires (X 37,5). PI. mince 3070-60 
Versants nords de la montagne Rumija , Kra j ina de l'est 
L I A S I N F £ R I E U R - M O Y E N (sčrle des calcaires et jaspes) 

Fig. 2 
Calcaire legerement marneux š Frondicularia sp. (X 37,5). PI. mince 3071-C0 
Versants nords de la montagne Rumija, Kra j ina de l'est 
L I A S I N F F T R I E U R - M O Y E N (SČRIP D E S caLcairea et J A S P E S ) 





Fig. 1 et 2 
Calcaire grumeleux a Orbitopsella, petits Foraminiferes, Thaumatoporella et 
f ins debris organogenes (X 27,5). PI. mince 3072-60 
Versants nords de la montagne Rumija , Kra j ina de l'ouest 
L T A S M O Y E N 





Fig. 1 
Calcaire oolithique a debris d'Echinodermes (X 27). PI. mince 3074-60 
Versants nords de la montagne Rumija , Kra j ina de l'ouest 
L I A S S U P E R I E U R 

Fig. 2 
Calcaire organogene-detrit ique a Lagenides (Cristellaria sp. et autres), Vidalina 
martana Farinacci, Microgasteropodes et debris d'Echinodermes (X 27,5). PL 
mince 3077-60 
Versants nords de la montagne Rumija , Kra j ina de l'ouest 
L I A S S U P E R I E U R ( L I A S S U P E H I E U R - D O G G E R I N F E R I E U R ) 





Fig. 1 
Calcaire microgrumeleux a Ophtalmidium sp. e t f ins debris organogenes 
(X 27,5). PI. mince 3077-60; le meme plaque mince: pi. IV, fig. 2 
Versants nords de la mootagne Rumija , Kra j ina de l'ouesit 
L I A S S U P E R I E U R (OU L I A S S U P E R I E U R - D O G G E R I N F E R I E U R ) 

Fig. 2 
Calcaire grumeleux, organogene^d6tritique, k Trocholines, Lituolides et autres 
Foraminifčres (X 35). PI. mince 03460 
Versants nords de l a montagne Rumija, Kra j ina de l'ouest 
D O G G E R I N F 2 R I E U R 





Fig. 1 
Calcaire a Codiacees ert rares Foraminiferes (X 17,5). PL mince 3078-60 
Versants nords de la montagne Rumija , Kra j ina de 1'ouest 
D O G G E R 

Fig. 2 
Calcaire oolithique a debris de Dasycladacee Selliporella donzellii Sartoni & 
Crescenti (X 30). PI. mince 3079-60. Dans l'association: Trocholina, Endothyra 
et autres Foraminiferes 
Versamts nords de la montagne Rumija , Kra j ina de 1'ouest 
D O G G E R S U P F I R I E U R 





Fig. 1 
Calcaire oolithique k Protopeneroplis striata Weynschenk et Trocholines (X 40). 
PI. mince 3083-60 
Versants nords de la montagne Rumija, Kraj ina de 1'ouest 
D O G G E R S U P E R I E U R 

Fig. 2 
Calcaire k Nerineides (X 15). PI. mince 3084-60 
Versants nords de la montagne Rumija, Kra j ina de 1'ouest 
D O G G E R S U P F I R I E U R — M A L M I N F F I R I E U B 





Fig. 1 v 
Calcaire a Thaumatoporella parvovesiculifera (Rain.) (X 27,5). PI. mince 3085-60. 
Dans l'association: Bačinella, rares Trochollnes et mal conserves et <'dissolus» 
CladocoTpsis 
Versants nords de la montagne Rumija , Kra j ina de l'ouest 
MALM INFERIEUR ( les c o u c h e s l e s p l u s a n c i e n n e s ) 

Fig. 2 
Calcaire organogene-detrit ique k Pseudocodium convolvens Pratur lon et petits 
Foraminiferes (X 27,5). PI. mince 3089-60. Dans l'association: Bačinella irregu-
laris RaxJoičič et autres Codiacees, Pseudocyvlammina, Polypi ers, Hydrozoaires 
et dšbris d'Echinodermes 
Versants nords de la montagne Rumija , Kra j ina de l'ouest 
MALM INFERIEUR (les c o u c h e s l e s p l u s a n c i e n n e s ) 





Fig. 1 
Calcaire pseudooolithique^detritique k Polypiers; Trocholines et autres Forami-
niferes (X 17,5). PI. mince 3088-60. Dans Passociation: Protopeneroplis striata 
Weynschenk, Pseudocodium convolvens Praturlon, etc. 
Versants nords de la montagne Rumija, Kra j ina de l'ouest 
MALM INFfiRIEUR ( l e s c o u c h e s les p l u s ancienn.es) 

Fig. 2 
Calcaire organogene-detrit ique a Pseudocyclammina lituus (Yokoyama), Pseudo-
codium convolvens Praturlon, etc. (X 27,5). PI. mince 3090-60 
Versants nords de la montagne Rumija , Kra j ina de l'ouest 
MALM I N F 6 R I E U R ( les c o u c h e s l e s p l u s a n e i e n n e s ) 





Fig. 1 
Calcaire organog6ne-dčtritique k Pseudocodium convolvens Pratur lon (X 27,5). 
PI. mince 3090-60 
Versants nords de la montažne Rumija , Kra j ina de l'ouest 
MALM INFf iRIEUR ( les c o u c h e s l e s p l u s a n c i e n n e s ) 

Fig. 2 
Calcaire a Foraminiferes peu nombreux (Miliolides et autres), debris de Mol-
lusques, d'Echinodermes et d'Algues (X 27,5). PL mince 3092-60 
Versants nords de la montagne Rumija , Kra j ina de l'ouest 
MALM INFfiRIEUR (probab lement OXFORDIEN) 





Fig. 1 et 2 
Calcaire legereanent marneux k Cyanophytes (Girvanella ?), ( x 17,5). PI. minces 
2312a et 2312 b-60 
Versants nords de la montagne Humija ; Kraj ina , Muriči 
MALM (OXFORDIEN-KIMMfiRIDGIEN) 





Fig. 1 et 2 
Calcaire fin microgrumeleux a Conicospirillina basiliensis Mohler, Pseudo-
cyclammina sp. et autres rares Foraminiferes; Prethocoprolithus centripetalus 
Elliott, Cyanophytes, etc. (X 27). PI. mince 2321-60 
Versants nords de la montagne R umi j a, Kraj ina, environs de Muriči 
MALM (KIMMfiRIDGIEN INFfiRIEUR) 





Fig. 1 et 2 
Calcaire lčg&rement marneux k «Lituonella» e t Cyanophytes (X 27,5 — fig. 1; 
X 17,5 — fig. 2). PI. minces 2316 et 2315-60. Dans l'association: tres ra re Clype\-
na jurassica Favre, Thaumatoporella parvovesiculifera (Rain.) e t Codiac£es 
( = pi. XIV) 
Versants nords de la montagne Rumija , Kraj ina, environs de Muriči 
MALM SXJPfiRIEUR (KIMMfiRIDGIEN SUPfiRIEUR) 





Fig. 1 et 2 
Calcaire k Thaumatoporella parvovesiculifera (Rain.), Codiacees et «Lituonella» 
(X 27). PI. mince 2315-60 
Versants nords de la montagne Rumi ja ; Kraj ina, Muriči 
MALM SUPERIEUH (K1MMERIDG1EN SUPERIEUR) 





Fig. 1 
Calc&ire k Pseudocyclammina cL lituus (Yokoyama), (X 27,5). PI. mince 2314-60. 
Dans 1'association: Cladocoropsis mirabilis Felix. 
Versants nords de la montagne Rumija ; Kraj ina, Muriči 
MALM SUPERIEUR (K1MMERIDGIEN SUPERIEUR) 

Fig. 2 
Calcaire a Cladocoropsis mirabilis Felix (X 27). Pl. mince 2314-60 
Versants nords de la montagne Rumi ja ; Kra j ina , Muriči 
MALM S U P £ K I E U R (KIMMERIDGIEN SUPERIEUR) 





Fig. 1 
Calcaire a Clypcina jurassica Favre (X 27,5). Pi. mince 2312-60. Dans l'associa-
tioai: Cyanophytes. Ostracodes et tres rares petits Foraminifšres 
Versants nords de la montagne Rumi ja ; Kraj ina, Muriči 
MALM SUPERIEUR (KIMMERIDGIEN SUPERIEUR-PORTLANDIEN) 

Fig. 2 
Calcaire k Charophytes (X 27,5). PI. mince 2311-60. Dans 1'association: Ostracodes 
Versants nords de la montagne Rumi ja ; Kraj ina , Muriči 
MALM SUPERIEUR (KIMMERIDGIEN SUPERIEUR-PORTLANDIEN) 





Fig. 1 et 2 
Calcaire oolithique-detritique k Nerinea cL suesst Peters* et Codiacees (X 15). 
PI. mince 2310-60 
Versants nords de la montagne Bumi ja ; Kraj ina , Muriči 
MALM SUPERIEUR (PORTLANDIEN) 

• D e t e r m i n a t i o n d e Mme. O. M a r k o v i č. 





Fig. 1 et 2 
Calcaire legerement marneux a Salpingoporella annulata Carozzi, une Dasy-
cladacee inconnue (D27) et Mollusques (X 27,5). PI. mince 2309-60. Dans 
l'association: Clypeina jurassica Favre, autres Dasycladacees, Kurnubia et rares 
Polypiems solitaires 
Versants nords de la montagne Rumi ja ; Kraj ina , Murici 
MALM SUPERIEUR (PORTLANDIEN) 
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LA S£RIE jrRASSIQUE DE LA BORDURE OUEST DE LA ZETSKA RAVNICA 
ET DU DISTRICT VERS L'ANCIEN MONTENEGRO 

(Tableau J^ 2) 
Planches: XIX k XLI 



Fig. 1 et 2 
Calcaire k Palaeodasycladus mediterraneus P ia et petits Foraminiferes (X 17) 
PI. mince 1229-57 
Odrinska gora (r i le dans le lac Skadarsko jezero) 
L I A S I N F Č R I E U R 





Fig. 1 et 2 
Calcaire microgrumeleux a Orbitopsella praecursor (Gumbel), ( x 17,5). PI. 
minces 1815 et 1816-60 
Bordure ouest de la Zetska ravnica, Dodoši 
L I A S M O Y E N 





Fig. 1 et 2 
Calcaire legerement marneux a «Aeolisaccus» (dčbris de Bryozoaires?), Bryo-
zoaires et tr£s transformees Dasycladacees-Palaeodasycladus mediterrancus Pia 
(X 40). PI. mince 353-55 
Bordure ouest de la Zetska ravnica, Dodoši 
L I A S M O Y E N 





Fig. 1 
Calcaire legerernent bi tumineux a Pseudocyclammina sp., autres Foramini-
feres et debris de Mollusques (X 40). PI. mince 197-55 
Bordure ouest d© la Zetska ravnica, Dodoši 
L I A S M O Y E N 

Fig. 2 
Calcaire bitumineux a Pseudocyclammina sp. e t les coques des petites Lamelli-
branches (X 40). P. mince 351-55 
Bordure ouest de la Zetska ravnica, Dodoši 
L I A S M O Y E N 





Fig. 1 
Calcaire marneux, peu bitumineux, a Lituolides et autres Foraminiferes, Micro-
gasteropodes et debris de Mollusques (X 17,5). PI. mince 354-55 
Bordure ouest de la Zetska ravnica, Dodoši 
L I A S M O Y E N 

Fig. 2 
Calcaire a Codiacees f x 17,5). PI. mince CG-1106. Dans l'association: Thauma-
toporella parvovesiculifera (Rain.) et petits Foraminiferes 
L'Ancien Montenegro, Topsude 
L I A S M O Y E N - S U P E R I E U R 





Fig. 1 
Calcsire microgrumeleux a Thaumatoporella parvovesiculifera (Rain.) et rares 
petits Foraminifcres (X 29). PI. mince 1819-59 
Bordure ouest die la Zetska ravnica, Buza-Bobija 
L I A S S U P E R I E U R - D O G G E R I N F E R I E U R 

Fig. 2 
Calcaire grumeleux a Trochamminides et Textularides (X 29). PI. mince 1820-60. 
Dans l'association: rares Codiacees et Microgasteropodes 
Bordure ouest de la Zetska ravnica, Buza-Bobija 
L I A S S U P E R I E U R - D O G G E R I N F E R I E U R 





Fig. 1 
Calcaire peu detritique, subcristallin, a Trochamminides, Verneuilinides, Textu-
larides et tres rares MiLiolidšs (X 28). PI. mince 1822-60. Dans l'association: 
Thaumatoporella parvovesiculifera (Rain.) et rares petits Trocholines 
Bordure ouest cie la Zetska ravnica, Buza-Bobija 
D O G G E R I N F E R I E U R 

Fig. 2 
Calcaire a Foraminiferes peu abondants, Aeolisaccus sp. et Microgasteropodes 
(X 28). PI. mince 1823-60. Dans l'association: Thaumatoporella parvovesiculifera 
(Rain.) 
Bordure ouest de la Zetska ravnica, Buza-Bobija 
D O G G E R I N F F I R I E T J R 





Fig. 1 
Calcaire grumeleux, en part ie oolithique, a Dictyoconus cayeuxx (Lucas), 
(X 37,5). PI. mince 615-61 
L'Ancien Montenegro, environs de Grkavac 
D O G G E R I N F E R I E U R 

Fig. 2 
Calcaire oolithique-detritique a Dictyoconus cayeuxi (Lukas), (X 37,5). PI. mince 
621-61 
L'Ancien Montenegro, environs de Resna 
D O G G E R I N F E R I E U R 





Fig. 1 
Calcaire organogžne k Tex tula rides, Trochamminides, Verneuilinidšs, puis 
Thaumatoporella parvovesiculifera (Rain.), Dasycladacees et debris divers 
(X 17,5). Pl. mince 1824-59 
Bordure ouest de la Zetska ravnica, Buza-Bobija 
D O G G E R I N F E R I E U B 

Fig. 2 
Calcaire organogene a nombreux Foraminiferes (Textularides, Trochamminides, 
Verneullinidcs, lVliliolides, etc.), e t debris de Mollusques (X 28,5). PI. mince 
1827-59. Dans l'association: Dasycladacees et petites Nerinella 
Bordure ouest de la Zetska ravnica, Buza-Bobija 
D O G G E R S U P E R I E U R 





Fig. 1 et 2 
Calcaire organogčne k Thaumatoporella parvovesiculifera (Rain.), nombreux 
Foraminifdres (Trochamminides, Textularides, Verneuilinid6s et aut.) et debris 
t res abondants de Dasycladacees (Selliporella) et de Mollusques (X 28,5). PL 
mince 1827-59 
Bordure ouest de la Zetska ravnica, Buza-Bobija 
D O G G E R S U P E R I E U R 

Protopeneroplis striata apparaissant gčnčrailement dans les calcaires oolithiques 
et oolithiques-dštri t iques est peu f requente dans les sediments de la bordure 
ouest de la plaine Zetska ravnica ou les calcaires oolithiques apparaissent secon-
dairement dans le Dogger et Malm. Dans la oolonne examinee les Protopene-
roplis sont observes dans u n e couche des calcaires oolithiques dčtritiques se 
t rouvant k quelques metres au-dessus du calcaire presents sur cette planche. 





Fig. 1 
Calcaire phytogene k Selliporella donzellii Sartoni & Crescenti et Foraminife-
res tres rares (X 40). PI. mince 167-57 
Bordure ouest de la Zetska ravnica, au nord de Ponar 
D O G G E R S U P E R I E U R 

Les microfacies des calcaires k SelUporella donzellii ou leurs dčbris et autres 
microfossiles peu frequents, repr^sentent, ayant en v u e leur large extension 
geographique, les microfacies du Dogger les plus importants dans les Dinari-
des ex tern es. A cote de Tesp^ce Selliporela donzellii se trouvent de plus deux 
Dasycladac^es: Tevtloporella gallaeformis Rad. et la D4. 





Fig. 1 
Calcaire grumeleux k Thaumatoporella parvovesiculifera (Rain.) et Foramini-
feres (X 28,5). PI. mince 1828-59. Dans l'association: debris de Dasycladac6es, 
rares Microgasteropodes et Polypiers 
Bordure ouest die la Zetska ravnica, Buza-Bobija 
D O G G E R S U P E R I E U R 

Fig. 2 
Calcaire grumeleux a Pfenderina salernitana Sartoni & Crescenti (X 30). PI. 
mince 1834-59. Dans l'association: autres Foraxnini feres peu abondants et debris 
de Dasycladacees 
Bordure ouest de la Zetska ravnica, Buza-Bobija 
D O G G E R S U P J S R I E U R - M A L M I N F E K L E U R 





Fig. 1 et 2 
Calcaire a Pfenderina cf. trochoidea Smout & Sugden, Meyendorffina bathonica 
Aurouze & Bizon et autres Foraminiferes (X 28,5). PI. mince 1834-59 
Bordure ouest de la Zetska ravnica, Buza-Bobija 
D O G G E R S U P E R I E U R - M A L M I N F F I R I E U R 





Fig. 1 et 2 
Calcaire a Pfenderines (Pfenderina sp.), Verneuilinides, Textuiarides et autres 
Foraminiferes (X 30). PI. mince 1841-59. Dans l'associations: Thaumatoporella 
parvovesiculifera (Rain.), Teutloporella gallaeformis Radoičič, Microgastero-
podes et debris de Mollusques 
Bcrdure ouest de la Zetska ravnica, pres de Ponar 
D O G G E R S U P F I R I E U R - M A L M I N F E R I E U R 





Fig. 1 
Calcaire oolithique-detritique a Trocholines, Labyrinthina mirabilis Weynschenk 
et au t res Foraminiferes (X 17). PI. mince 44-57 
Bordure ouest de la Zetska ravnica, Kurioei-Vukovci 
MALM INFERIEUR (parUe i n i č r i e u r e d e s c o u c h e s k. Cladocoropsis mirabilis) 

Fig. 2 
Calcaire oolithique-detritique a Trocholines (X 17). PI. mince 133a-57 
Bordure ouest de la Zetska ravnica, Kurioci-Vukovci 
MALM INFERIEUR 





Fig. 1 
Calcaire a Cladocoropsis mirabilis Felix (X 10). PI. mince 137-57 
Bordure ouest de la Zetska ravnica, au sud de Vukovci 
MALM INFERIEUR (KIMMERIDGIEN INFERIEUR) 

Fig. 2 
Calcaire a Kurnubia palastiniensis Hens on, autres Foraminiferes et Dasycla-
dacees (Clypeina spp. et autres), (X 30). PI. mince 1095-57 
Bordure ouest de la Zetska ravnica, Rvaši 
MALM SUFERIEUR (partie i n f č r i e u r e d e s c o u c h e s & Clypeina jurassica) 





Fig. 1 et 2 
Calcaire š Dasycladacees (Ctyjieina spp. et autres), (X 30). PI. mince 1095-57 
Bordure ouest de la Zetska ravnica, Rvašd 
MALM SUPf iRIEUR (partie l n f č r l e u r e d e s c o u c h e s k Clypeina jurassica) 





Fig. 1 et 2 
Calcaire a Dasycladacecs (Clypeina spp. et autres) et Foraminifčres peu abon-
dants (X 30). PI. mince 1095-57 
Bo-rdure ouest de la Zetska ravnica, Rvaši 
MALM SUPŽRIEUR (part ie i n f 6 r i e u r e d e s c o u c h e s d Clypeina ^urassico) 





Fig. 1 
Calcaire a Kurnubia sp. ©t Dasycladacees (X 35). PL mince 1096-57 
Bo rehire ouest de la Zetska ravnica, Rvaši 
MALM SUPf iRIEUR (partie inf6rieure d e s couches k Clypeina jurassica) 

Fig. 2 
Calcaire a Kurnubia wellingsi (Henson), Kurnubia sp. ©t autres Foramini feres 
(X 30). PL mince 1097-57 
Bordure ouest de la Zetska ravnica, Rvaši 
MALM SUPERIEUR (partie inferieure desi couches k Clypeina jurassica) 





Fig. 1 
Calcaire marneux, peu bitumineux, a Charophytes (X 28,5). PI. mince 1851-59 
Bordure ouest de la Zetska Ravnica, Bobija 
MALM SUPf iRIEUR (part ie i n l č r i e u r e d e s c o u c h e s k Clypeina jurassica) 

Fig. 2 
Calcaire marneux a Ostracodes (X 70). PI. mince 1099-57 
Bordure ouest de la Zetska ravnica, Rvaši 

MALM S U P f i R l E U R (partie i n f č r i e u r e d e s c o u c h e s a Clypeina jurassica) 
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Fig. 1 
Calcaire a rhombočdres de dolomie, Clypeina jurassica Favre et Kurnubia 
palastiniensis Henson (X 30). Pl. mince 55-57 
Bordure ouest de la Zetska ravnica, Vukovci 
MALM SUPERIEXm (PORTLANDIEN) 

FUg.2 
Calcaire a Pianella cf. gigantea Cairozzi, Salpingoporella annulata Cairozzi et 
Clypeina jurassica Favre (X 30). Pl. mince 139-57 
Bordure ouest de la Zetska ravnica, Vukovci 
MALM SUPf iRIEUR (PORTLANDIEN) 





Fig. 1 
Calcaire marneux k Clypcina jurassica Favre et Teutloporella obsoleta Carozzi 
(X 17,5). PI. mince 159-37 
Bordure ouest de la Zetska ravnica, Vukovci 
M A L M S U P F I R I E U R ( P O R T L A N D I E N ) 

Fig. 2 
Calcaire legerement marneux et dolomitique & Clypeina jurassica Favre (X 17,5). 
PI. mince 160-57 
Bordure ouest de la Zetska ravnica, Vukovci 
M A L M S U P E R I E U R ( P O R T L A N D I E N ) 





Fig. 1 
Calcaire a Tintinnines aberr&ntes — (Daturellina costata Rad.) — et Salpingo-
porella annulata Carozzi (X 27,5). PI. mince 289-55 
Bordure ouest de la Zetska ravnica, Trstenik 
V A L A N G I N I E N I N F E R I E U R 





LA SERIIS JURASSIQUE DE LA BORDURE NORD DE LA ZETSKA RAVNICA 
DISTRICT DE DEClC ET DE CIJEVNA 

(Tableau Ks 3) 

Planches: XLII a LV 



Fig. 1 et 2 
Calcadre oolithique-detritique a Protopeneroplis striata Weynschenk et Codiacee 
CI (fig. 1 — X 82; fig. 2 — X 32). PI. mince 1197-57. Dans l'association: Trocho-
lines, rares Miliolides et autres Foraminiferes, Cladocoropsis mirabilis Felix. 
Bordure nord de la Zetska ravnica — canon de la riviere Cijevna, au sud de 
Stepovo. 
MALM INFERIEUR 
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Fig. 1 
Calcadre oolilhicue-detritique a Protopeneroplis striata Weynschenk et Nau-
tilocahna sp. (J. Speck: «Nautiloculina n. sp. aff. oolithica M6hler»), (X 60). Pl. 
mince 1198 a-57 
Bordure nord de la Zetska ravnica — caiion de la riviere Cijevna 
MALM INFf iRIEUR (OXFORDIEN) 





Fig. 1 
Calcaire grumeleux a Codiacees (X 17,5). PI. mince 1198-57. Dans Tassociation: 
Thaumatoporella parvovesiculifera (Rain.) et Foraminiferes peu a bon dan ts 
Bordure nor d de la Zetska ravnica — canon de la riviere Cijevna 
MALM INFfiRIEUR 

Fig. 2 
Calcaire grumeleux k Oodiacčss (X 17,5). PL mince 1199-57. Dans l'association: 
Protopeneroplis striata Weynschank 
Bordure nord de la Zetska ravnica — canon de la riviere Cijevna 
MALM INFfiRIEUR 





Fig. 1 
Calcaire peu bi tumineux a Cladocoropsis mirabilis Felix (X 16). Pl. mince 
1152-57. Dans l'association: Thaumatoporella parvovesiculifera (Rain.), Cyano-
phytes, Coddacees; puis Kurnubies et autres Faraminifšres 
Bordure nord de la Zetska ravnica—Spil j a 
MALM INFERIEUR (probab lement KIMMfiRIDGIEN INFfiRIEUR) 

Fig. 2 
Calcaire grumeleux a Pseudocyclammina sp. (X 35). Pl. mince 1124 a-57. Dans 
l'association: rares «I.ituo7iella» e t autres Foraminiferes, rare Clypeina jurassica 
Favre 
Bordure nord de la Zetska ravnica—Spilja 
M A L M S U P E R I E U R ( K I M M E R I D G I E N S U P E R I E U R ) 

l i s 





Fig. 1 et 2 
Calcaire peu bi tumineux a Microproblematica, Thaumatoporella parvovesiculi-
fera (Rain.), «Macroporella» sellii Crescenti, Kurnubia palastiniensis Henson, 
etc. (fig. 1 — X 30, fig. 2 — X 70). PL mince 1071-57 
Bordure nord de la Zet&ka ravnica — environs de Spil ja 
MALM SUPERIEUR (KIMMERIDGIEN SUPERIEUR) 





Fig. 1 
Calcaire peu bi tumineux a Cyanophytes (X 30). PI. mince 833-57 
Bordure nord de la Zetska ravnica, Dečič 
MALM SUPfjRIEUR (KIMMERIDGIEN SUPERIEUR) 

Fig. 2 
Calcaire peu bi tumineux a Cyanophytes et '<Lituonella» (X 26). PL mince 842-57 
Bordure nord de la Zetska ravnica, Dečič 
MALM S U P E R I E U R (KIMMERIDGIEN S U P E R I E U R ) 





Fig. 1 et 2 
Calcaire peu bitumineux a «Lituonella», Pseudocyclammina, Kurnubia palasti-
niensis Henson, autres Foramiiniferes et Algues: Cyanophytes et Clypeina 
juiassica Favre (X 17). PI. mince 1124 et 1124a-57 
Bordure nord de la Zetska ravnica, environs de Skorač 
MALM SUP£R1EUR (KIMMERIDGIEN SUPfiRIEUR) 





Fig. 1 
Calcaire bi tumineux a Ostreides (X 17,5). PI. mince 1181-57 
Bordure nord de la Zetska ravnica — Mileš, Kečeva 
M A L M S U P E R I E U R ( K I M M Ž R I D G I E N S U P E R I E U R - P O R T L A N D I E N ) 

Fig. 2 
Calcaire legerement bitumineux a Charophytes et Ostracodes (X 25,5). PI. 
mince 313-57 
Bordure nord de la Zetska ravnica, Miles 
M A L M S U P E R I E U R ( K I M M E R I D G I E N S U P E R I E U R - P O R T L A N D I E N ) 





Fig. 1 
Calcaire legerement bitumineux k Pianella grudii Radoičič et Ostracodes (X 30). 
PI miince 340a-57. Dans 1'association: Charophytes 
Bordure nord de la Zetska ravnica, Dečič 

M A L M S U P f i R I E U R ( K I M M E R I D G I E N S U P E R I E U R - P O R T L A N D I E N ) 
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Fig. 1 
Calcaire bi tumineux a Ostracodes et Charophytes (X 18). PI. mince 1182-57 
Bordure nord de la Zetska ravnica, Miles 
M A L M S U P E R I E U R ( K I M M E R I D G I E N S U P E R I E U R - P O R T L A N D I E N ) 

Fig. 2 
Calcaire peu bi tumineux a rares oolithes (X 27,5). PI. mince 1188-57 
Bordure nord de la Zetska ravnica, Mileš 
M A L M S U P E R I E U R ( K I M I v l E R I D G I E N S U P E R I E U R - P O R T L A N D I E N ) 





Fig. 1 et 2 
Calcaire peu bitumineux a Charophytes (fig. 1: X 21, fig. 2: x 18). PL minces 
866 et 867-57 
Bard ure nord de la Zetska ravnica, Mileš 
M A L M S U P E R I E U R ( P O R T L A N D I E N ) 





Fig. 1 
Calcaire microgrumeleux a Charophytes (X 48). PI. mince 186a-57 
Bordure nord de la Zetska ravnica, Mileš 
M A L M S U P E R 1 E U R ( P O R T L A N D I E N ) 

Fig. 2 
Calcaire dolomitique a Clypeina jurassica Favre (X 27,5). PI. mince 1191-57 
Bordure nord de la Zetska ravnica, Mileš 
M A L M S U P E R I E U R ( P O R T L A N D I E N ) 





Fig. 1 
Calcaire bi tumineux a Clypeina jurassica Favre et rares Foraminiferes ( x In) 
PI. mince 245-57 
Bordure nord de la Zetska ravnica, Dečič 
M A L M S U P E R I E U R ( P O R T L A N D I E N ) 

Fig. 2 
Calcaire peu bi tumineux a Salpingoporella annulata Carozzi (X 27,5). PI. mince 
1192-57. Dans l'association: Tintinnines aberrantes 
Bordure nord de la Zetska ravnica, Mileš 
V A L A N G I N I E N 





Fig. 1 et 2 
Calcaire grumeleux, peu bdtumineux, a Favreina salevensis (Parejas), Tintinni-
nes aberrantes, etc. (X 26). PI. mince 8-57 
Bordure nord de la Zetska ravnica, Dečič 
V A L A N G I N I E N 





LA S£R1E JURASSIQUE DE LA MONTAGNE VOJNIK 
(Tableau Hs 4) 

Planches: LVI k LXXII 



Fig. 1 
Calcaire organogene & petits Brachiopodes, (debris d'Echinodermes et de 
Mollusques, et Foraminiferes: Spirillina liassica (Jones), Trocholina sp. nov. 
et Lagenides (X 45). PI. mince 785-62 
Montagne Vojnik, environs de Lipova Ravan 
L I A S I N F f i R I E U R 

Fig. 2 
Calcaire a Fermodiscus sinuosus (Weynschenk) ( x 32). PI. mince 787-62 
Montagne Vojnik, environs de Lipova Ravan 
L I A S I N F 6 R I E U R 





Fig. 1 et 2 
Calcaire mierogiumeleux, en partde subcristallin a Triassina hantkeni Majzon, 
Permodiscus sinuosus (Weynschenk) et autres Foraminiferes peu abondants 
(X 32). PI. minces 788 et 788a-62. Dans l'association: Dasycladacees (Sestro-
sphaera) 
Montagne Vojnik, environs de Lipova Ravan 
L I A S I N F f i R I E U R 





Fig.1 et 2 
Calcaire microgrumeleux a Sestrophaera Hasina, Pia, Permodiscus sinuosus 
(Weynschenk) (tres recristallise), etc. (X 32). PL mince 788 a et 788 b-62 
Montažne Vojnik, environs de Lipova Ravan 
L I A S I N F f i R I E U R 





Fig. 1 
Calcaire detritique, subcristallin, a Trocholina spec, nov., Vidalina martana 
Farinacci, Lagenides et debris d'Echinodermes (X 32). PI. mince 789-62 
Montagne Vojnik, environs de Lipova Ravan 
LIAS (part ie m o y e n n e d e la sžr ie l ias ique) 

Fig. 2 
Calcaire legerement marneux k Lagenides (Cristellaria sp. et autres), debris 
d'Echinodermes, etc. (X 35). PI. mince 791-62 
Montagne Vojnik, environs de Lipova Ravan 
LIAS (part ie m o y e n n e de l a s^rte l ias ique) 





Fig. 1 et 2 
Calcaire f inement organogene-d^tritiqu-e a debris d'Echinodermes et de Mollus-
ques, petits Brachiopodes et Foraminif eres: Vidalina martana Farinacci et 
nombreuses Lagenides (fig. 1 — X 21, fig. 2 — X 45). PI. mince 88-54. Dans 
l'association: Spirillina liassica (Jones) 
Montagne Vojnik, environs de Lipova Ravan 
LIAS SUPf iRIEUR («Ammoni t i co r o s s o lnferiore») 





Fig. 1 
Calcaire f inement organogene-detritique a Lagenides, loges initiales d 'Ammo-
nites et petits Ammonites, Brachiapodes, spicules de Spongiaires et debris de 
Mollusques et d'Echdnodermes (X 32). PI. mince 90-54. Dans l'association: Spi-
rxlhna liassica (Jones) et Vidalina martana Farinacci 
Montagne Vojnik, environs de Lipova Ravan 
LIAS SUPERIEUR 

Fig. 2 
Calcaire organogene-detrit ique a debris de Mollusques et d'Echinodermes, petits 
Ammonites, spicules de Spongiaires et Foraminiferes: Vidalina martana Fari-
nacci, Trocholina cf. oonica (Schlumb.), Lagenides, etc. (X 35). PI .mince 794-62 
Montagne Vojnik, environs de Lipova Ravan 
L I A S SUPf iRIEUR 





Fig. 1 et 2 
Calcaire legerement marneux a loges initiales d 'Ammonites et petits Ammoni-
tes, Microgasteropodes, Spongiaires, debris d'Echinodermes et Foramini-
feres: Sptrillirui liassica (Jones), Trocholina spec, nov., Lagenides (fig. 1 — X 32, 
fig. 2 — X 35). PL mince 96-54 (diffčremment vue la meme plaque mince: sur 
la fig. 1 — essaim d'Ammonites) 
Montagne Vojnik, environs de Lipova Ravan 
LIAS SUPKRIEUR 





Fig. 1 
Calcaire marneux, f inement orgamogene-d£tritique, a debris d'Echinodermes 
et de Moll us que«, petits Ammonites, spicules de Spon giai res et Foraminif eres: 
SpiriUina liassica (Jones) et aut . (X 50). PI. mince 794a-62 
Montagne Vojnik, environs de Lipova Ravan 
H A S SUPf iRIEUR 

Le f a d e s des calcaires rougeatres aux Cephatopodes est trčs repandu dans 
la region de la montagne Vojnik et renferme la faune abondante: Hildoceras 
bifrons Brug., Hildoceras comensis Buch., Hildoceras laevisoni Sim., Phylloceras 
nilssoni Heb., Phylloceras gardanum Vacek, Phylloceras heterophyllum Sow., 
Lythoceras velifer Men., Lythoceras francisci Opp., Nautilus spp., Atractites 
s pp., etc. 





Fig. 1 
Calcaire legerement marneux a debris d'Echinodermes, Microgasteropodes, 
Spirillina liassica (Jones), etc. (X 45). PI. mince 94-54 
Montagne Vojnik, environs de Lipova Ravan 
LIAS SUPŽRIEUR ( c o u c h e s l e s p lus j eunes ) 

Fig. 2 
Calcaire l inemen t organogene-detritique a debris d'Echinodermes et de Mollus-
ques et rares Lagenides (X 19). PI. mince 2301-60 
Montagne Vojnik, environs de Lipova Ravan 
LIAS S UPERIEUR-DOGGER INFERIEUR 





Fig. 1 
Calcaire a Globigcrina helveto-jurassica Haeussler et debris de Lamellibran-
ches ( x 100). PI. mince 2303-60. Dans l'association: SpiriUina sp. 
Montagne Vojnik, environs de Lipova Ravan 
DOGGER INFEBIEUR (BAJOCIEN) 





Fig. 1 
Calcaire microgrumeleux a Lamelli branches pSlagiques (X 30). PI. mince 795-62 
Montagne Vojnik, environs de Lipova Ravan 
DOGGER INFERIEUR 

Fig. 2 
Microbr&ches a Pseudocyclammina sp. (X 19). PL mince 797-62. Les compo-
santes: calcaire k Lamellibranches p^lagiques et calcaire & Globigerines — 
raxes oolithes dans le ciment 
Montagne Vojnik, environs de Lipova Ravan 
DOGGER INFERIEUR 





Fig. 1 et 2 
Calcaire oolithiciue-detritique & Trocholines (X 45). PI. minces 798 et 801-62 
Montagne Vojnik, environs de Lipova Ravan 
DOGGER SUPERIEUR 





Fig. 1 
Calcaire oolithique a Protopeneroplis striata Weynschenk (X 72). PI. mince 
2306-60 
Montagne Vojnik, environs de Lipova Ravan 
DOGGER SUPfiRJEUR 

Fig. 2 
Calcaire grumeleux, subcristallin, a f in debris divers et Aeolisaccus sp. (X 30). 
Pl. mince 2307-60 
Montagne Vojnik, environs de Lipova Ravan 
DOGGER SUPf iRIEUR-MALM INFfiRIEUR 





Fig. 1 
Caicaire grumeleux, subcristallin, a rares Foraminiferes (Miliolides et autres) 
(X 60). PI. mince 2307 a-62 
Montagne Vojnik, environs de Lipova Ravan 
DOGGER SUPERIEUR-MALM INFfiRIEUR 

Fig. 2 
Caicaire a Microproblematica Br 1 (Briozoaires?), (X 30). PL mince 2307 b-60 
Montagne Vojnik, environs de Lipova Ravan 
MALM INFERIEUR (OXFORDIEN-KIMMfiRIDGIEN) 





Fig. 1 
Calcaire organogene k Polypiers, Codiaces et Foraminiferes. Codiacče crouteuse 
renferme le Polypies et partiel lement une Conicospirillina (C), ( x 35). 
PI. mince 813-62 
Montagne Vojnik, environs de Lipova Ravan 
MALM INFERIEUR (OXFORDIEN-KIMMERIDGIEN) 

Fig. 2 
Calcaire marneux a rares Ostracodes, Microgasteropodes et Charophytes (X 35). 
PI. mince 814 -C2 
Montagne Vojnik, environs de Lipova Ravan 
MALM S U P E R I E U R (la s6r ie du toi t d e s baux i t e s ) 





F i g . 1 

Caicaire m a m e u x a Ostracodes (X 30). PL mince 801-62 
Montagne Vojnik, environs de Lipova Ravan 
MALM SUPERIEUR (KIMMERIDGIEN SUPf iRIEUR-PORTLANDIEN) 

Fig. 2 
Caicaire m a m e u x a Pianella grudii Radoičič et rares Ostracodes (X 32). Pl. 
mince 806-62 
Montagne Vojnik, environs de Lipova Ravan 
MALM SUPERIEUR (KIMMERIDGIEN SUPf iRIEUR-PORTLANDIEN) 





Fig. 1 
Calcaire marneux a Fianella grudii Radoičič et Ostracodes (X 32). Pl. mince 
806-62 

Montagne Vojnik, environs de Lipova Ravan 
MALM SUPftRIEUR (KIMMfRIDGTEN SUPf iRIEUR-PORTLANDIEN) 

Fig. 2 
Calcaire marneux k Clypeina jurassica Favre (X 32). Pl. mince 809-62 
Montagne Vojnik, environs de Lipova Ravan 
M A L M S U P E R I E U R ( P O R T L A N D I E N ) 





L A SGRIE j u r a s s i q u e d e k o s a n i c a e t d e k r a l j e v a g o r a 

(Tableau Xs 5) 

Planches: LXXIII a LXXIX 

12 — Geolog i ja St. 9 



F i g . 1 

C a l c a i r e d e t r i t i q u e , s u b c r i s t a l l i n , & Permodiscus sinuosus ( W e y n s c h e n k ) * ( X 45), 
PI. mince 2160-60 
Kraljeva gora, contreforts sud-est vers Kosanica 
LIAS INFfiRIEUR 

* Quodque la s tructure d e la paroi de c e s f o r m e s n e so i t p a s v i s ib le š c a u s e d e la 
rč crista l l isation, i l s e m b l e qu' i i es t m i e u x d e l e s traiter c o m m e l e s repržsentant s du 
g e n r e Permodiscus q u e d e VAulotortus c o m m e l 'avait p r o p o s š R. O b e r h a u s e r (1964). 

Fig. 2 
Calcaire a Thaumatoporella parvovesiculifera (Rain.), rares Lagenides et Spi-
rillines (X 45). PI. mince 2161 a-60 
Kraljeva gora, contreforts sud-est vers Kosanica 
LIAS 





Fig. 1 
Calcaire k Spirillina liassica (Jones), petite Brachiopodes et debris d'Echinoder-
mes (X 40). Prep. 2164-60. Dans l 'association: Hildoceras bifrons Brug. et autres 
Ammonites 
Kral jeva gora, contreforts sud-est vers Kosanica 
LIAS SUPERIEUR 

Fig. 2 
Calcaire pseudo-oolithique a petite Lamellibranches, debris d'Echmodermes, 
Lagenides et Vidalina martana Farinacci (X 28). PI. mince 2166-60 
Kral jeva gora, contreforts sud-est vers Kosanica 
LIAS SUPERIEUR-DOGGER 





Fig. 1 
Calcaire microgrumeleux-subcristallin a rares Foraminiferes et Acolisaccus SD 
(X 37,5). Pl. mince 2169-60 
Kral jeva gora, contreforts sud-est vers Kosanica 
DOGGER 

Fig. 2 
Calcaire organogene-detritique a Codiacees et debris de Mollusques (X 30), Pl. 
mince 2175-60. Dans l'association: Codiacees CI et C2, Bryozoaires? — Brl, 
Annelides, debris de Dasycladacees, etc. — planche LXXVI 
Kral jeva gora, contreforts sud-est vers Kosanica 
MALM JNFERIEUR 





Fig. 1 et 2 
Calcaire arganogfcne-detiitique k Codiacees CI et C2, Annelides, Bryozoaires? — 
Brl , debris de Mollusques, etc. (X 30). PI. mince 2175-60 
Kral jeva gora, contreforts sud-est vers Kosanica 
MALM INFfiRIEUR 





Fig.1 el 2 
Calcaire a Radiolaires (Cencsphaera sp., Lithostrobus sp. et aut.), ( X c c a 200) 
PL minces 819 ©t 820-58 
Kral jeva gora, contreforts sud-est vers Kosanica 
MALM SUPŽRIEUR 





Fig. 1 
Calcarenite a f ragment de Dasycladacee Clypeina jurassica Favre (X 43). PI. 
mince 2183-60. Dans l'association: rares Calpionelles. Dans ce sediment les 
Clypeines sont les fossiles alochtones apportes de regions voisines meridional les 
Kral jeva gora, contreforts sud-est — Kosanica 
MALM SUPERIEUR (PORTLANDIEN) 

Fig. 2 
Calcaire a Calpionella alpina Lorenz (X 210). PI. mince 821-58 
Kral jeva gora, contreforts sud-est — Kosanica 
MALM SUPERIEUR (PORTLANDIEN) 





Fig. 1 et 2 
Calcaire a Calpionella alpina Lorenz, Calpionella elliptica Cadisch et Calpio-
nellopsis oblonga (Cadisch), (X 140 — fig. 1; X 95 — fig. 2). PL mince 3116-60 
Kral jeva gora, contreforts sud-est vers Kosanica 
BKRRJASIEN 





LA SČRIE JURASSIQUE DES ENVIRONS DE PLJEVLJA 
DINARIDES INTERNES 

(Tableau Jfe6) 

Planches: LXXX a LXXXVIII 

13 — G e o l o g i j a št. 9 



Fig. i 
Calcaire marneux a Ostracodes ( x 72,5). PI. mince 2188-60 
Environs de Pljevlja, pres de Mihajloviči 
L I A S I N F E R I E U R 

Fig. 2 
Calcaire a Thaumatoporelles transformees (X 72,5). PL mince 2189-60 
Environs de Pljevlja, prčs de Mihajloviči 
L I A S I N F E R I E U R 





Fig. 1 
Calcaire a Lagenides, autres Foraminifčres et debris d'Echinodermes (X 72). 
PL mince 2191-60 
Environs de Pl jevl ja , pres de Mihajloviči 
L I A S 

Fig. 2 
Calcaire pseudo-oolithique a Spirillina liassica (Jones), Globochaete et debris 
de Mollusques (X 72). PI. mince 2192-60 
Environs de Pl jevl ja , pres de Mihajloviči 
L I A S ( M O Y E N - S U P f i R l E U R ) 





Fig. 1 
Calcaire a Lameliibranches pelagiques et Lagenides peu abondants (X 72). 
PI. mince 2193-60 
Environs de Pljevlja, pres de Mihajloviči 
LIAS (MOYEN-SUPERIEUR) 

Fig. 2 
Calcaire organogene-detritique jusqu'a pseudo-oolithique a Globochaete alpina 
Lombard, rares Lagenides et debris de Mollusques et Brachiopodes (X 72). PI. 
mince 2195-60 
Environs de Pljevlja, pres de Mihajloviči 
L I A S ( M O Y E N - S U P E R I E U R ) 





Fig. 1 
Calcaire organogene-detritique a pseudo-oolitique a Lagenides, petits Brachio-
podes, debris d'Echinodermes et de Mollusques (X 72). PI. mince 2195-60 
Environs de PJjevlja, Mihajloviči 
LIAS (MOYEN-SU PERI EUR) 

Fig. 2 
Calcaire a Globochaete, puis Lagenides et autres Fora mini feres et debris 
d'Echinodermes et de Mollusques (X 72). PI. mince 2196-60 
Environs de Pl jevl ja , prfcs de Mihajloviči 
LIAS (MOYEN-SUPH.R1EUR) 





Fig. 1 
Calcaire a Lagenides et debris d'Echinodermes (X 72). PL mince 2198-60. Dans 
Tassociation: Ammonites et Brachiopodes 
Environs de Pljevlja, pres de Mihajloviči 
LIAS SUPERIEUR 

La faune d'Ammonites est composče des especes: Phylloceras nilssoni Heb., 
Phylloceras heterophyllum Sow., Lythoceras francisci Opp., Lythoceras velifer 
Men. et autres 

Fig. 2 
Calcaire a debris d'Echinodermes et de Mollusques, petits Ammonites et rares 
Foraminiferes (Trocholiiui sp. et a u t ) (X 72). PI. mince 2199-60 
Environs de Pljevlja, pres de Mihajloviči 
LIAS SUPERIEUR 





Fig. 1 
Calcaire a Clobochaete alpina Lombard et debris divers peu abondant (X 72) 
PI. mince 2199-60 
Environs de Pljevlja, pres de Mihajloviči 
LIAS SUPERIEUR 

Fig. 2 
Calcaire a rares Clobigerines, Globochaete alpina Lombard et coquilles ecrasees 
de Lamellibranches pelagiques (X 72). PI. mince 2201-60 
Environs de Pl jevl ja , pres de Mihajloviči 
DOGGER INFERIEUR 





Fig. 1 
Calcaire avec ecrasees coquilles de Lameliibranches p£lagiques ( x 72) PI. 
mince 2202-60 
Environs de Pljevlja, pres de Vlahoviči 
D O G G E R - M A L M 

Fig. 2 
Calcaire a Lameli ibranches p61agiques et Radiolaires (X 30). PI. mince 3104-60 
Environs de Pljevlja, Vlahoviči 
DOGGEK-MALM 





PLANCHE LXXXVII 

Fig. 1 
Calcaire a Radiolaires (X 30). PI. mince 3105-60 
Environs de Pl jevl ja , Vlahoviči 
DOGGER-MALM 

Fig. 2 
Calcaire a Radiolaires et les parties du calcaire for t silifiš 
Environs de Pl jevl ja , Vlahoviči 
DOGGER-MALM 





Fig. 1 et 2 
Calcaire marneux a Calpionella alpina Lorenz, Calpionella elliptica Cadisch et 
Tintinnopsella sp. (X 120). PL mince 3111-60 
Environs de Pl jevl ja , Dragaš 
P O R T L A N D I E N (TITHONIQUE) 





LA S£RIE JURASSIQUE DE L'HERZfiGOVINE DU SUD 
DISTRICT ENTRE DUBROVACKO PRIMORJE ET TREBINJE-POPOVO POLJE 

(Tableau Ke 7) 

Planches: LXXXIX — CIX 



Fig. 1 
Calcaire a Palaeodasycladus mediterraneus Pia et Foraminifdres peu abondants 
(X 35). PI. mince 377-61 
Hercegovine du sud, environs d ' lvanica 
LIAS INFERIEUR 

Fig. 2 
Calcaire a Pseudocyclammina sp. et rares autres Foraminiferes (X 15). Pl. mince 
416-61. Dans l'associaitiom: Thaumatoporella parvovesiculifera (Rain.), Sestro-
sphaera Hasina Pia et Microgaseropodes ( = pl. XC) 
Domaine limitrophe en tre 1'Herzegovine du sud et Dubrovačko primorje, 
environs de Gromača 
LIAS MOYEN (couches k Lithiotis) 





Fig. 1 
Calcaire organogčne-detritique & Sestrosphaera liasina Pia, autres Algues, Fo-
raminif&res et Microgasteropodes (X 15). PI. mince 416-61 
Domaine l imitrophe ent re l 'Herzegovine du sud et Dubrovačko primorje, 
environs de Gromača 
LIAS MOYEN ( c o u c h e s a Llthiotis) 

Fig. 2 
Calcaire a debris de Dasycladac£e Sestrosphaera liasina P ia et debris divers 
peu abondants (X 15). PL mince 417-61 
Domaine limitrophe ent re l 'Herzegovine du sud et Dubrovačko primorje, 
environs de Gromača 
LIAS MOYEN ( c o u c h e s & Liihiotts) 





Fig. 1 et 2 
Calcaire grumeleux, en part ie subcristallin, a Palaeodasycladus mediterraneus 
Pia, Thaumatoporella parvovesiculifera (Rain.) et petits Foraininiferes (X 30). 
PI. mince 418-61 
Domaine l imitrophe entre 1'Herzčgovine du sud et Dubrovačko primorje, 
environs de Gromača 

LIAS MOYI'N ( c o u c h e s a Lithiotis, Orbitopsella, etc.) 
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Fig. 1 
Calcaire a debris de coquilles de Lamel lib ranches (Lithiotis, Durga), (X 15). 
Pl. mince 419a-61 
Domaine limitrophe en tre 1'Herzegovine du sud et Duhrovačko primorje, 
environs de Gromača 
L I A S M O Y E N 

Fig. 2 
Calcaire grumeleux a Glomospira (X 70). Pl. mince 420-61 
Domaine l imitrophe entre 1'Herzegovine du sud et Dubrovačko primorje, 
environs de Gromača 
L I A S M O Y E N - S U P £ R I E U R 





Fig. 1 
Calcaire pseudo-oolithique a debris de Mollusques et de Dasycladacees et 
petits Foraminiferes peu nombreux (X 15). PI. mince 421-61 
Herzegovine du sud, environs de Gromača 
L I A S M O Y E N - S U F E R I E U R 

Fig. 2 
Dolomie sterile (intercalation dans les calcaires oolithiques), (X 30). PI. mince 
1745-62 
Au nord de 2upa dubrovačka 
L I A S S V T P K R I E U R 





Fig. 1 
Calcaire f inement oolithique azoique (X 32). PI. mince 337-61 
Herzegovine du sud, environs d'Uskoplje 
L I A S S U P E R I E U R - D O G G E R I N F E R I E U R 

Fig. 2 
Calcaire organogene, subcristallin k Microgastčropodes (Nerinella et aut.), 
(X 15). PI. mince 338-61. Dans l'association: Foramini feres peu abondants 
Herzegovine du sud, environs d'Uskoplje 
D O G G E R I N F F I R I E U R 





Fig. 1 
Calcaire grumeleux a Coprolithes et petits Forammif&res peu abondants (X 28). 
PI. mince 431-61 
Herzegovine du sud, entre Gromača et Sčenica 
D O G G E R I N F E R I E U R 

Fig. 2 
Calcaire organog£ne-dčtritique, subcristallin, a debris de Mollusques et de 
Dasycladacees et a Foiraminiferes (Endothyra sp. et autres), (X 28). PL mince 
432-61 
Herzegovine du sud, entre Gromača et Sčenica 

D O G G E R 
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Fig. 1 
Calcaire organog&neHtetritique, subcristallin, a debris de Dasycladacee Sellipo-
rella donzellii Sartoni & Crescenti e t Foraminiferes — Endothyra sp. — (X 28). 
PL mince 433-61 
Herzčgovine du sud, en tre Gromača et Sdenica 
D O G G E R S U P E R I E U R 

Fig. 2 
Cailcaire organogene-detrit ique & debris de Dasycladacees et de Mollusques et 
nombreux Foraminifčres (Textuiarid6s, Trochammiriidčs, Verneuilinides), (X 28). 
Pl. mince 436-61 
Herzegovina du sud, entre Gromača et Sčenica 
D O G G E R S U P E R I E U R 





Fig. 1 
Calcaire organogdne-ddtritique k Selliporella donzellii Sartoni & Crescenti et 
Faraminiferes pen abondants (X 17). PI. mince 433a-61 
Herzegovine du sud, entre Gromača et Scenica 
D O G G E R S U P F I R I E U R 

Fig. 2 
Calcaire organogene-detrit ique k Selliporella donzellii Sartorii & Crescenti, 
Foraminif&res et Microgast£ropodes (X 17). PI. mince 560-61 
Herzegovine du sud, Covine-Vlaka 
D O G G E R S U P F I R I E L R 





Fig. 1 
Calcaire a Selliporella donzellii Sartoni & Crescenti et Foraminiferes (X 27) 
PL mince 560-61 
Herzegovine du sud, Čovine-Vlaka 
DOGGER S U P f i R l E U R 

Fig. 2 
Calcaire a Trochamminides, Textularides et Verneuilinides (X 15). PI. mince 
561-61. Dans l'association: Selliporella donzellii Sartoni & Crescenti 
Herzegovine du sud, Covine-Vlaka 
DOGGER SUPf iRIEUR 





Fig. 1 et 2 
Calcaire subcristallin a Selliporella donzellii Sartoni & Crescenti et Foramini-
feres peu abondants (X 15). PI. mince 388-63 
Herzegovine du sud, entre Visočnik e t Radovan ždrijelo 
DOGGER SUPf iRIEUR 





Fig.1 et 2 
Calcaire a Textularides, Trochammimdes, Verneuilinides, Microgasteropodes, 
Aeolisaccus sp., etc. (X 28). PI. mince 437-61 
Herzegovine du sud, au sud de Sčenica 
DOGGER SUPf iRIECR-MALM INFERIEUR 





Fig. 1 ©t 2 
Calcaire grumeleux a Pfenderinidčs et autres Foraminifčres et Thaumatoporella 
parvovesiculifera (Rain.), (X 30). PI. mince 1779-62 
Herzegovine du sud, au nord de Plat 
MALM iNFfcRiEUR ( c o u c h e s l e s p l u s anc ie t ines ) 





Fig. 1 et 2 
Calcaire grumeleux k Pfenderina salemitana Sartoni & Crescenti, rares Tro-
chamminides et Verneuilinides e t Thaumatoporella parvovesiculifera (Rain.). 
(X 32). PI. minces 177Qa et 1779 b-62 
Herzegovine du sud, entre Plat et Glavska 
MALM I N F £ R I E U R ( couches l e s p l u s a n d e n n e s ) 





Fig. 1 
Calcaire o>rganogčne-dštritique, subcristallin, k Clypeina (?) sp. (X 28). PI. 
mince 344-61. Dans l 'assotiattan: Foraminif&res, Microproblematica, Micro-
gas t^ropodes 
Herzegovine du sud, Uskoplje-Orah 
MALM (couches d Cladocoropsis mtrabWis) 

Fig. 2 
Calcaire a «Ma.CToporella» sellii Crescenti, Thaumatoporella parvovesiciilifera 
(Rain.) etc. (X 28). PL mince 354-61. Dans Tassociation: Kurnubies, Lituolides, 
Labyrinthina 
Herzegovine du sud, XJskoplje-Orah 
MALM ( c o u c h e s h Cladocoropsis mirabi l is ) 





Fig. 1 et 2 
Calcaire h Bullopora sp., Kurnubies, autres Foraminif&res et Dasycladacees 
(fig. X — X 50, fig. 2 — X 28). Pl. minces 566 et 567-61 
Herz eg ovine du sud, C ovine-Vlaka 
MALM ( c o u c h e s k Cladocoropsia mirabilis) 





Fig. 1 
Calcaire a Foraminifšres (X 28). PL mince 346-61. Dans l'association: rares 
Kumubia e t Thaumatoporella 
Herzčgovine du sud, Uskoplje-Orah 
MALM (KIMMfiRIDGlEN) 

Fig. 2 
Calcaire a Cyanophytes (X 15). Pl. mince 348-61. Dans l'association: rares 
Ostracodes e t Foraminiffcres 
Herzčgovine du sud, Uskoplje-Orah 
MALM SUPERIEUR (couches & Clypeina jurassica) 





Fig. 1 
Calcaire š Kurnubia palastiniensis Henson e t Pfenderina sp. (X 28). PI. mince 
512-61. Dans l'association: Thaumatoporella parvovesiculifera (Rain.) 
Herzegovine du sud, environs de Radovan ždrijelo 
MALM SUPEHIEUR 

Fig. 2 
Calcaire a Charophytes (X 28). PI. mince 444-G1 
Herzegovine du sud, Ščenica 
MALM SUPI5R1EUR ( c o u c h e s a clypelna jurassica) 





Fig. 1 
Calcaire marneux a Ostracodes (X 28). Pl. mince 360-61 
Herzčgovine du sud, au sud d'Orah 
MALM SUPFRIEUR (PORTLANDIEN, c o u c h e s k Clypeina jurassica) 

Fig. 2 
Calcaire dolomitique k Clypeina jurassica Favre (X 28). Pl. mince 349-61 
Hercegovine du sud, au sud d'Orah 
MALM SUPERIEUR (PORTLANDIEN) 





Fig. 1 
Calcaire organogene a Clypeina jurassica Favre, Pianella gigantea (Carozzi), 
Tintinnines aberrantes et Foraminiferes peu abondants (X 28). PI. mince 521-61 
Herzčgovine du sud, Radovan ždirijelo 
I N F R A V A L A N G I N I E N 





Fig. 1 
Calcaire a Coprolithes — Favreina salevensis (Parejas) (X 35). PI. mince 362-61 
Herzegovine du sud, Zaplanik 
I N F R A V A L A N G I N I E N ( c o u c h e s k Clypelna jurassica et T i n t i n n i n e s aberrantes ) 





LA SČRIE JURASSIQUE DE LA REGION MOSOR—BIOKOVO—BAClNE 
(Tableau Ne 8) 

Planches: CX a CXXI 

1? — Geologi ja St. 0 



Fig. 1 
Calcaire a Palaeodasycladus mediterraneus Pia (X 18). PI. mince 1000-61. Dans 
l'association: Thaumatoporella parvovesicultfera (Rain.) et Foraminiferes peu 
nombreux 
Montagne Biokovo, versants suds 
L I A S (part ie i n o y e n n e d e l a s č r i e l ias ique) 

Fig. 2 
Calcaire k Thaumatoporella parvovesiculifera (Rain.), (X 27,5). PI. mince 1001-61 
Montagne Biokovo, versants suds 
LIAS (part ie m o y e n n e d e la s er i e l ias ique) 





Fig. 1 et 2 
Calcaire š Orbitopsella s p., Clomospira sp., Lituolidčs, Trocholines et debris 
divers peu abondants (fig. 1 — X 27, fig. 2 — X 60). PI. mince 1061-61. Dans 
l'association: rares Codiacees 
Montagne Biokovo, versants suds 
LIAS (part ie m o y e n n e de la s č r i e l ias ique) 





Fig. 1 et 2 
Calcaire oolithique-detrit ique k Dictyoconus cayeucci (Lucas), Endothyra, etc. 
(X 37). PI. mince 1005 a-61 
Montague Biokovo, versants suds 
DOGGER INFERIEUR 





Fig. 1 et 2 
Calcaire oolithique-detritique a Dictyoconus cayeuxi (Lucas), (X 37). PI. mince 
1005 a-61 
Montagne Biokovo, versants suds 
DOGGER INFERIEUR 





Fig. 1 
Calcaire oolithique-detritique a Protopeneroplis striata Wevnschenk (X 65). 
PI. mdnce 1012-61 
Biiokovo de l'ouest, environs de Zadvar je 
DOGGER SUPf iRIEUR 

Fig. 2 
Calcaire oolithique-detritique a Trocholines (X 65). PI. mince 1013-61. Dans 
Tassociation: Protopeneroplis striata Weynschenk, petits Foraminiferes, debris 
de Molilusques, d'Echiinodermes e t de Dasycladacees 
Biokovo de l'ouest, environs de Zadvar je 
DOGGER S U P E R I E U R 





Fig. 1 et 2 
Calcaire organogene-detritique, subcristallin, a Selliporella donzellii Sartoni 
& Crescenti et debris de Mollusques (X 17,5). PI. mince 994-61 
Montagne Biokovo, versants suds du St Ilija 
D O G G E R S U r E F I E U R 





Fig. 1 
Calcaire grumeleux a Pfenderines, autres Foraminiferes et debris divers peu 
abomdan ts (X 27,5). PL mince 1071-61 
Biokovo de l'ouest, Kolibret-Cikeš 
MALM INFERIEUR ( c o u c h e s Les p l u s a n & e n n e s ) 

Fig. 2 
Calcaiire legerement marneux a Pseudocyclammina lituus (Yocoyama), (X 27,5). 
Pl. mince 1123-61. Dans 1'association: Thaumatoporella parvovesiculifera (Rain.), 
Cladocoropsis mirabilis Felix et Kurnubia 
Montagne Biokovo, Babinjača 
MALM (OXFORDIEN-KIMMERIDGIEN) 





Fig. 1 et 2 
Calcaire a Labyrinthina mirabilis Weynschenk (X 27,5). PI. mince 703-60. Dans 
1'association: ConicospiriUina, Pseudocyclammina et autres Foraminif&res 
Montagne Mosor, sud-ouest de Ljubl jen 
MALM (KIMMERIDGIEN) 





Fig. 1 et 2 
Calcaire grumeleux & Cly petna jurassica Favre, Pianella cf. gigante a Carozzi 
et Foraminiferes peu nombreux (X 27,5). PI. mince 1126-60 
Montagne Mosor, Ljubl jen de l'ouest 
M A L M S U P Č R I E U R ( P O R T L A N D I E N ) 





Fig. 1 
Calcaire gfumeleux, en par t ie oolithique, k Clypeina jurassica Favre et Co-
diacčes (X 27,5). PI. mince 713-60 
Montagne Mosor, versant sud-est 
M A L M S U P f c R I E U R ( P O R T L A N D I E N ) 

Fig. 2 
Calcaire cristaJlin a Clypeina jurassica Favre et Tintinnines aberrantes — 
Campbelliella mileši Radoičič et aut. (X 17,5). PI. mince 2297-60 
Environs du lac Bačinsko jezero 
I N F R A V A L A N G I N I E N 





Fig. 1 
Calcaire grunieleux a Tintinnines aberrantes — Campbelliella mileši Radoičič 
(X 40). PL mince 1074-61. Dans 1'association: Salpingoporella annulata Carozzi 
et petits Foraminiferes peu nombreux 
Biokovo de l'ouest, Kolibret-Cikeš 
V A L A N G I N I E N 





Fig. 1 et 2 
Calcaire, en partie oolithique jusqu'a grumeleux, a Favreina salevensis (Parejas), 
Codiacees, Microgastčropodes, etc. (X 50). PL mince 2298-60 
Environs du lac Bačinsko jezero 
V A L A N G I N I E N 





LA SBRIE JURASSIQUE DE LEMES ET DE SES ENVIRONS 
(Tableau Jfc 9) 

Planches: CXXII ži CXXXIII 



Fig. 1 et 2 
Calcaire a Orbitopsella praecursor (Gumbel), (X 17,5). PI. mince 2420-60. Dans 
l'association: Glomospira sp. et autres Foraminiferes 
Lemeš, environs de Vinica 
LIAS 





Fig. 1 et 2 
Calcaire k Ostracodes et Faraminiferes peu abondants (fig. 1 — X 20; fig. 2 — 
X 27,5). PI. mince 2423-60 
Lemeš, environs de Vinica 
LIAS (couches £ Lithiotis) 





Fig.1 et 2 
Calcairo & Foraminiferes (Lituolidčs, Glomospira et autres), debris de Mollus-
ques etc. (fig. 1 — X 30; fig. 2 — X 72). PI. mince 2412. Dans l'association: 
Palaeodasycladus mediterraneus Pia. 
Lemeš, environs de Vinica 
LIAS ( c o u c h e s ž LftAiotis) 





Fig. 1 et 2 
Calcaire a Gloviospira sp., Trochamminides, Verneuilinides, autres Foramini-
feres et Thaumatoporella parvovesiculifera (Rain.) 
Lemeš, environs de Vinica 
L I A S M O Y E N - S U P 2 R I E U R 





Fig. 1 
Caicaire oolithique a rares debris organogene (X 27,5). PI. mince 2416-60 
Lemeš, environs de Vinica 
LIAS MOYEN-SUPE11IEUR 

Fig. 2 
Caicaire micro-oolithique k Clomospira sp., etc. (X 27,5). PI. mince 2417-60 
Lemeš, environs de Vinica 
LIAS MOYEN-SUPf iRIEUR 





Fig. 1 et 2 
Calcaire a Pfenderines (X 72). PI. mince 2400-60. Dans l'association: Thauma-
toporella parvovesiculijera (Rain.) 
L-emeš, environs de Kuk 
DOGGER S U P £ R I E U R - M A L M INFŽRIEUR 





Fig. 1 
Calcaire & Thaumatoporella parvovesiculifera (Rain.) et Foraminiferes (Pfen-
derines et autres), ( x 72). PI. mince 2402-60 
Lemeš, environs de Kuk 
DOGGER S U P £ R I E U R - M A L M INFERIEUR 

Fig. 2 
Calcaire subcristallin a rares Foraminiferes (Miliolides et autres) etc. (X 75). 
PI. mince 2338-60 
Lemeš 
DOGGER S U P E R IE UR (?)—MALM INFf iRIEUR 





Fig. 1 
Caicaire a Radiolaires (X 80). PI. mince 2340-60 
Lemeš 
MALM INFLRIEUR 

Fig. 2 
Caicaire a Globigerines peu abondantes (X 100). PI. mince 2341-60. Dans l'asso-
ciation: Radiolaires et Lamellibranches pelagiques 
Lemeš 
MALM INFF.R1EUR 





Fig.1 et 2 
Calcaire a Saccocoma Agassiz (X 28). PI. mince 2344-60 
Lemeš 
MALM (KIMMCRIDGIEN — ca lca i re k n o m b r e u x A m m o n i t e s ) 





Fig. 1 
Caicaire a Saccocoma Agassiz (X 28). PI. mince 2346-60. Dans l'association: 
Globochaete alpina Lombard. 
Lemeš 
MALM (KIMMERIDGIENj 

Fig. 2 
Caicaire a Radiolaires (X 28). PI. mince 2350-60 
Lemeš 
MALM (KIMMERIDGIEN) 





PLANCHE CXXXII 

Fig. 1 
Calcaire a Conicospirillina cf. basiliensis Mohler (X 72). PL mince 2365-60 
Lemeš, au nord d'Orlovaca 
MALM SUPERIEUR (PORTLA NDIEN) 

Fig. 2 
Calcaire a Aptychus, petits Cyanophytes etc. (X 17). Pl. mince 2367-60 
Environs de LemeŠ, au nord d'Orlovafia 
MALM SUPERIEUR (PORTLANDIEN) 





Fig. 1 
Calcaire organogene-detritique k Codiacčes (X 27,5). PI. mince 2368-60. Dans 
Tassociataon: Teutloporella cf. obsoleta Carozzi 
Environs de Lemeš, au nord d'Orlovača 
M A L M S U P E R I E U R ( P O R T L A N D EEN) 

Fig. 2 
Calcaire k SalpinQoporella annulate Carozzi (X 27). PI. mince 2375-60. Dans 
1'association: Foraminiferes peu abondants 
Environs de Lemeš, Orlovača 
Ntf.OCOMIEN 





LA S£RIE JURASSIQUE DES ENVIRONS DE ROVINJ 
(Tableau 10) 

Planches: CXXXIV k CXLI 



Fig. 1 
Caicaire k Pfenderinides (X 27,5). PI. mince 1837-60. Dans l'association: petits 
Foraminiferes peu abondants et Thaumatoporella parvovesiculifera (Rain.) 
Environs de Rovinj, St Eufimija-Križ-Figarola 
MALM INFERIEUR (ou DOGGER-MALM) 

Fig. 2 
Caicaire k Pfenderinides et autres rares Foraminiferes (X 70). PI. mince 1840-60 
Environs de Rovinj, S* Eufimija-Križ-Figarola 
MALM INFERIEUR (ou DOGGER-MALM) 





Fig. 1 et 2 
Calcaire organog&ie š Bačinella irregularis Rad. e t nombreuses Trocholines 
(X 30). PL mince 1865-60. Dans l'association: aiufcres rares Foraminiferes et 
Thaumatoporella parvovesiculifera (Rain.) 
Environs de Rovinj, Figarola 
MALM SUPER 1EUR (KIMM£KIDGIEN, p r o b a b l e m e n t SUPf iRiEUR) 





Fig. 1 
Caicaire a Trocholines et autres Foraminiferes (X 30). PI. mince 1866-60 
Rovinj, Figarola 
MALM SUPERIEUR (probablement KIMMERIDGIEN SUPf iRIEUR) 

Fig. 2 
Caicaire a Aeolisaccus sp., Ostracodes et Foraminiferes peu nombreux (X 30). 
PI. mince 1873-60 
Rovinj 
MALM SUPERIEUR (PORTLANDIEN) 





Fig. 1 
Calcaire organogene a Thaumatoporella parvovesiculifera (Rain.) et nombreux 
Foraminiferes (Pseudocyclammina, Textularictes, Verneuilinides et Endothyra ?), 
(X 30). PI. mince 1004-60 
Rovinj, Zlatni r t 
MALM SUPERIEUR (PORTLANDIEN) 

Fig. 2 
Calcadre a Favreina salevensis Parč jas (X 30). PI. mince 1906-60 
Rovinj, Zlatni r t 
MALM SUPf iRIEUR (PORTLANDIEN) 





Fig. 1 et 2 
Calcaire criptocristallin et grumeleux k Clypeina jurassica Favre (X 30). PL 
minces 1884 et 1885-60. Dans l'association: Ostra codes e t Foraminiferes peu 
abondants 
Rovinj 
M A L M S U P F I R I E U R ( P O R T L A N D I E N ) 





Fig. 1 et 2 
Calcaire f inement detri t ique a Foraminiferes (Pseudocyclammina, Endothyra ? 
et autres), (fig. 1 — X 15, fig. 2 — X 30). PL minces 1908 et 1908 a-60. Dans 
l'association: rares Trocholines et Bačinella irregularis Rad. 
Hovinj, Zlatni rt 
M A L M S U P E H I E U R ( P O R T L A N D I E N ) 





Fig. 1 
Calcaire crip toe ristallin a Calpionelles fort rares (X 200). PI. mince 1875-60 
Rovinj 
MALM SUPf iRIEUR (PORTLANDIEN) 

Fig. 2 
Calcaire a Tintinnines aberrantes: Campbelliella mileši Rad. et Tintinnopsella 
sp. (X 20). PI. mince 1924-60 
Rovinj, Zlatni r t 
V A L A N G I N I E N 





Fig. 1 et 2 
Calcaire a Salpingoporella annulate, Cairoezi (X. 30). PI. mince 1920-60 
Rovinj, Zlatni r t 
V A L A N G I N I E N 





LA SERIE JURASSIQUE DES ENVIRONS DE SOŠICE (ZUMBERAK) 
(Tableau Ke 11) 

Planches: CXLII—CXLVIII 



Fig. 1 
Calcaire oolithique, azoique (X 27). PI. mince 96-61 
Zumberak, environs de Sošice 
LIAS INFERIEUR 

Fig. 2 
Calcaire organogene-detritique — debris de Dasycladacees, d'Echinodermes et 
de Mollusques; Microgasteropodes (X 27). PI. mince 98-61 
Zumberak, environs de Sošice 
H A S INFfiRIEUR 





Fig. 1 et 2 
Calcaire organogene, subcristallin, a Palaeodasycladus mediterraneus Pia, rares 
Foraminifdres et debris de Mollusques (X 15). PI. mince* 119 et 120-61 
2umberak, environs de Pogana jama 
LIAS INFfiRTEUR-MOYEN 





Fig. 1 
Calcaire oolithique & petits Foraminiferes peu nombreux et f in debris divers 
(X 27). PI. mince 99-61 
Žumberak, environs de Sošice 
LIAS MOYEN 

Fig. 2 
Calcaire microgrumeleux a Lituosepta recoarensis Cati (X 27). PI. mince 102-61. 
Dans l'assiociaition: tres rares petits Fiaraminiferes et Thaumatoporelles trans-
formees 
Zumberak, environs de Sošice 
LIAS MOYEN 





Fig. 1 
Calcaire microgrumeleux a Lituosepta recoarensis Cati, petits Foraminiferes 
peu nombreux e t Thaumatoporelles transformees (X 30). PI. mince 102-61 
Zumberak, environs de Sošice 
LIAS MOYEN-SUPEK1EUR 

Fig. 2 
Calcaire organogene-detritique & SpiriUina liassica (Jones) et debris d'Echino-
dermes (X 40). PI. mince 78-61. Dans 1'assocdation: Vidalina martana Farinacci 
e t Lag6nides 
Zumberak, environs de Sošice 
LIAS SUPERIEUR 





Fig. 1 
Calcaire organogdne-detritique a Cristellaria e t autres Lagenides et debris 
abondants d'Echinodermes et de Mollusques (X 30). PI. mince 105-61. Dans 
l'association: Spirillina liassica (Jones), Vidalina martana Farinacci et Ophtal-
midiidčs 
Žumberak, environs de Sošice 
LIAS SUPER1EUR 

Fig. 2 
Calcaire organ ogene-detritique — debris d'Echinodermes et de Mollusques 
(fragments de Saccocoma), (X 30). PI. mince 108-61. Dans l'association: Vidalina, 
Spirillina etc. 
Zumberak, environs de Sošice 
LIAS S U P f i R l E U R o u LIAS-DOGGER 





Fig. 1 
Calcaire organogene-detritique a Petrascula bursiformis Ettalon (X 30). PI. 
mince 91-61. Dans l'association: Bačinella irregularis Radoičič et Codiacčes 
apparentčes 
Zumberak, environs plus large de Sošice 
MALM INFf iRIEUR 

Fig. 2 
Calcaire k rares Radiolaires calcifies et Lamellibranches pelagiques (X 43). 
PI. mir.ce 109-61 
Zumberak, environs de Sošice 
MALM SUPEREEUR (KIMMERID GIEN-PORTLANDIEN) 





Fig. 1 
Calcadre a Calpionella alpina Lorenz et Calpionella elliptica Cadisch (X 100). 
PL mince 110-61 
Zumberak, SoSice 
MALM SUPERTEUPv (PORTLANDIEN) 

Fig. 2 
Calcadre a Calpionella alpina Lorenz et Calpionella elliptica Cadisch (X 43). 
Pl. mince 111-61. Dans l'association: Clobochaete alpina Lombard, spicules de 
Spongiaires, puis rares Oph tal mid i ides et autres Foramirtiferes 
Zumberak, Sošice 
MALM SUPERIELiR (FORTLANDIEN) 





LES AUTRES MICROFAClES JURASSIQCES 
Planches: CXLIX a CLXV 



Fig. 1 et 2 
Calcaire š Annelides, Microgasteropodes et petits Foraminiferes peu abondants 
(X 30). PI. mince 906-63 
Environs d'Osjecenica, pres de Grahovo; Montenegro 
LIAS INFERIEUR (couches les p l u s anc iennes ) 





Fig. 1 et 2 
Calcaire pseudo-oolithique k Pelleria bonomii* (Vialli) Grubič (fig. 1, nčgatif — 
X 7,5; fig. 2, detail — X 17,5). PI. mince 1397-64. Dans 1'association: autres 
Hydrozoaires, debris d'Echinodermes et petits Foraminifžres; Vidalina martana 
Fairinacci, Spirillina liassica (Jones) et autres. ( = pl. CLI) 
Montagne Lovčen, Bukovica 
LIAS INFERIEUR 

* D e t e r m i n a t i o n : A. G R U B l C 





Fig. 1 et 2 
Calcaire pseudooodithique a Hydrozoaires (fig. 1, negatif — X 7,5; fig. 2, 
detail — X 3 7,5). PI. mince 1396-64. Dans I'association: Pelleria bonomii (Vialli) 
Grubič, debris d'Echinodeinmes et petits Fonaminiferes: Vidalina martana 
Farinacci, Spirillina Imssica (Jones) et autres 
Montagne Lovčen, Bukovica 
LIAS INTERIEUR 





Fig. 1 
Calcaire oolithlque k debris divers peu abondant (X 35). PI. mince 556-62 
Environs de Blizna dans la vallee de Marača, Montenegro 
L I A S INFf iRIEUR ( c o u c h e s l e s p lus a n c i e n n e s ) 

Fig. 2 
Calcaire a Lituosepta recoarensis Cati (X 17,5). PL mince 529-62 
Martiničkio Gostije, Javcxrak; Montčnčgro 
LIAS 





Fig. 1 
Calcaire a debris d'Echinodermes (X 17). PI. mince 248-57 
Environs plus large de Kopilje, pres de Seoca, Montenegro 
LIAS (partie m o y e n n e d e la s e n e l ias ique) 

Fig. 2 
Calcaire oolithique a debris d'Echinodermes (X 17). PL mince 250-57 
Environs plus large de Kopilje, pres de Seoca, Montenegro 
LIAS (par l ie m o y e n n e de la s er i e l ias ique) 





Fig. 1 et 2 
Calcaire oolithioue & Echinodermes, pris de la dolomitisation (X 33). PI. mince 
67-63 
Environs plus large de Nikšič, prčs de Bročanac, Montenegro 
LIAS (MOYEN-SUPHfl lEUR) 





Fig. 1 et 2 
Calcaire organ o gene, crisfallin, a Spirillina liassica (Jones), Lagenides, debris 
d'Echinodermes et Mollusques (X 35). PI. mince 1875-64. Dans l'association: 
petits Ammonites, Trocliolines et rares Vidalines ( = pl. CLVI) 
Boka Kotorska, Vrmac 
LIAS S17PERIEWR 





Pig. 1 et 2 
Calcaire organogfcne, cristallin, k Lagenidčs, Trocholines et debris d'Echino-
dermes et de Mollusques (X 35). PI. mince 1876-64. Dans l'association: petits 
Ammonites Spirillina liassica (Jones) et rares Vidalines ( = pi. CLV) 
Boka Kotorska, Vrmac 
LIAS SUPf iRIEUR 





Fig. 1 
Calcaire organogene š Teutloporella gallaeformis Radoičič ( x 17,5). PI. mince 
1685-64 
Domaine en t re Grab et Konavli, environs de Veliki Oro 
DOGGER SUPf iRIEUR 





Fig. 1 
Calcaire organogene-detrit ique a Codiacees C1 (X 75). Pi. mince 554-62. Dans 
l 'association: Conicospirillina basiliensis Mohler 
Sujaci — dans la vallde de Morača, Montčnčgro 
MALM INFEKIEUK 

Fig. 2 
Calcsire organogene a Bačinella irregularis Radoičič (X 27). PI. mince 01803 
Au nord de Nikšič, vers Vojnik, Gvozd 
MALM INFfcRIEUR 





Fig. 1 et 2 
Calcaire organogene-detritique, subcristallin, a Microproblematica Pr6 (X 50). 
PI. mince 01707. Dans 1'association: Codiacees, Hydrozoaires, etc. 
Domaine de la montagne Burmitoir, KI ješ tine 
MALM INFffRIEUR 





Fig. 1 
Calcaire d Sphaeractinidčs (X 17). PI. mince 01720. Dans l'association: Aeoli-
saccus sp. 
Montagne Durmitor 
MALM (KIMMERIDGIEN) 

Fig. 2 
Calcaire h Pianella grudii Radoičič et Ostracodes (X 45). PL mince 1889-63 
Environs de Miloviči, Banjami; Montenegro 
MALM SUPERIEUR (KIMMERIDGIEN SUPERIEUR-PORTLANDIEN) 

r 





Fig. 1 et 2 
Calcadre peu bitumineux a Aeolisaccus sp., Ostraoodes, petits Foraminiferes peu 
nombreux et debris de Dasycladacees (fig. 1 — X 95, fig. 2 — X 17). PI. minces 
248 et 246-62 
Biočki stan, environs de Nikšička Zupa 
MALM SUPf iRIEUR (KIMMERIDGIEN SUPf iRIEUR-PORTLANDIEN) 





Fig. 1 et 2 
Calcaire organogene-detrit ique a Nipponophycus cf. ramosus Yabe & Toy a ma, 
(X 27,5). PI. mince 1280-63 
Domadne de la montagne Orjen, Ubli 
MALM SUPERIEUR (FORTLANDIEN) 





Fig. 1 
Calcaire a Dasycladacees recristallisčes — 1© plus vraisernblablement il est 
question de l'espece Pianella gigantea Carozzi (X 27,5). PI. mince 1278-63 
Domaine de la montagne Orjen, Ubli 
MALM STj PERI EUR 

Fig. 2 
Calcaire organogene-detritique a Dasycladacees et Codiacees (X 27,5). PI. mince 
1274-63 
Domaine de la montagne Or jen, Ubli 
MALM SUPER1EUR 





Fig. 1 
Calcaire a Spirillina sp. ©t Radiolaires (X 90). PI. mince 3148-60 
Hercegovine du nord, Tjentište-Suha 
MALM SUFf iRIEUR (PORTLANDIEN — c o u c h e s a Calpionel les) 

Fig. 2 
Calcaire a debris de Lamellibranches pelagiques et Globochaete alpina Lom-
bard (X 95). PI. mince 3151-60 
Herzegovine du nord, Tjentište-Suha 
M A L M s u p f i R l E U R (PORTLANDIEN — c o u c h e s h Calpionel les) 





Fig. 1 et 2 
Calcaire organog^ne i Trocholines, Pseudocyclammina, Protopeneroplis ?, 
DasycladacSes (Macroporelles, Aciculairia ert autres), Codiacees, Micmogast4ro-
podies, ©te. (X 18,5). PI. mince 1990-62 
Boka Kotorska, L j u t a 
M A L M S U P f i R I E U R ? 





JURSKI SF.DIMENTI MED ZAGRADCEM IN RANDOLOM 
V DOLINI KRKE 

Ljudmila Sribar 

S 7 slikami v prilogi 

Uvod 

Leta 1961 smo na Dolen j skem kar t i ra l i območje l is ta Ribnica 52/3. 
Geološko skup ino je vodila Li ja R i j a v e c , sodeloval pa je poleg m e n e 
še Zvonko M e n c e j . Med š tud i j em l i t e ra tu re za p r ip ravo te renskega 
dela smo dobili u p o r a b e n poda tek pr i G e r m o v š k u (1950), k i o m e n j a 
pri izviru Globočca, jugozahodno od Zagradca, n a j d b e li t iotid in d rug ih 
škol jk t e r kora l v s redn je l i adnem apnencu. 

K a r t i r a n j e smo pričeli p r i Zagradcu in ugotovili , da so od tu do 
Randola n a d K r k o razvi t i vsi sediment i j u r e od l iade do ma lma . P r i 
Zagradcu in Randolu so j u r s k e plast i ločene od ostal ih s p re lomoma, ki 
po teka ta od jugozahoda pro t i severovzhodu. Na t em območ ju smo našli 
t ud i š tevi lne vodi lne ju r ske fosile, zlasti mikrofosi le , ki so n a m v g lavnem 
omogočili s t r a t ig ra f sko razčleni tev skladov, delno pa smo plast i hor izon-
t i ral i po n j ihov i medsebo jn i legi. 

Biostratigrafski opis 

Po fosi lnih in mikrofos i ln ih os tankih ter s t ra t ig ra fsk i legi smo j u r s k e 
plast i m e d Z a g r a d c e m in Rando lom razdeli l i takole : spodn ja l iada, s r e d n j a 
l iada, zgorn ja l iada in dogger, spodnj i m a l m in zgornj i malm. 

Spodnja liada 

Spodn je l i adne plast i leže n a zgo rn j e t r i adnem dolomitu nor iške in 
r e t ske s topnje . Te plast i v s e b u j e j o os tanke alg Sphaerocodium bomemanni 
Rothpl . in megalodont ide . Glavni dolomit je v g l avnem razvi t v dolini 
K r k e ; n a j j u ž n e j e sega n a pobočje Šiškega v r h a (516 m). Za zgorn j i del 
g lavnega dolomita v bližini postopnega p rehoda t r i a d a — j u r a je zelo 
znači lna pasovitost , ki smo jo opazovali tud i pod mikroskopom. V k a -
menin i se m e n j a v a j o t emne j š i in svet le jš i različno široki pasovi, k a r j e 
posledica razl ične zrnavost i dolomita te r pr imesi d robnega organskega 
de t r i tusa in gline. Mikrokr i s ta ln i pasovi s p r imes jo gline in d robnega 



organskega detr i lusa so temnejši, svetlejši pasovi pa so sestavljeni iz 
drobnozrnatega dolomita. Pasovit dolomit postopno preha ja v dolomiti-
z i ran apnenec. Više posta ja apnenec vedno- bolj čist in kompakten ter 
je pogosto preprežen s kalcitnimi žilicami. Vsebuje ostanke brahiopodnih 
in gastropodnih lupinic in je pogosto marogast, ponekod pa kaže oolitno 
s t rukturo . 

Med Zagradcem in Randolom smo mejo med tr iado in juro potegnili 
tam, k j e r zgornjet r iadni glavni dolomit postopno preide v siv gost 
apnenec, oolitni apnenec in apnenec z lupinicami brahiopodov in gastro-
podov. V manjš i količini dobimo tudi temno siv zrnat dolomit. 

Spodnjel iadnih plasti na opisanem območju nismo mogli dokazati 
s fosili, na nj ihovo starost sklepamo le po legi med zgornjetr iadnim 
glavnim dolomitom in srednjel iadnimi skladi z litiotidami. Severozahodno 
od Šiškega v rha smo v spodnjel iadnem apnencu našli algo Palaeodasycla-
dus mediterraneus (Pia) (1. si.), ki j e pa ne moremo imet i za vodilni fosil 
spodnje liade. V prof i lu jurskih skladov na Mali gori smo našli to algo 
v s rednj i Kadi v ho-rizontu z l i t iotidami in s foramini fero OrbitopseUa 
praecursor ( Š r i b a r , 1965). Tudi v vzorcih apnenca, ki jih je G r a d 
nabra l pri ka r t i r an ju v kamnolomu pri Podutiku, smo našli ostanke alge 
Palaeodasycladus mediterraneus. Vendar liadnih plasti na območju 
Podut ika nismo mogli podrobno horizontirati , ker litiotidni horizont ni 
izrazit. Mejo med t r iado in ju ro pa smo tu potegnili med plastmi z me-
galodontidami in sivim apnencem, ki ponekod vsebuje oolite. 

P o F a r i n a c c i j e v i in R a d o - i č i č e v i (1964) j e a lga Pa-
laeodasycladus mediterraneus razš i r jena v zgornjem delu spodnje liade, 
v srednj i liadi in delno v zgornji liadi. Njena razmeji tev navzgor in 
navzdol ni j asno označena. P o S a r t o n i j u in C r e s c e n t i j u (1962) 
pa nastopa tudi v plasteh re tske stopnje. Enak podatek smo našli tudi 
v mikrnpaleontološkem atlasu Agip Mineraria, 1959. 

Srednja liada 

Tudi s rednja liada je na območju med Zagradcem in Randolom raz-
vita apneno. Apnenec je temno siv in vsebuje lepo vidne bele lupine 
litiotid. Horizont z litiotidami smo sledili neprekin jeno od izvira Glo-
bočca pri Zagradcu, k j e r j ih je omenil že G e r m o v š e k (1950), do 
Randola pri Krki. Horizont z l i t iotidami vsebuje tudi vodilno srednje-
l iadno foramini fero Orbitopsella praecursor (Gumb.), ki smo jo našl i v 
ooldtnem apnencu (2. f?l.). Plast i z litiotidami so debele p rek 50 m. 

Zgornja liada-dogger 

V sedimentih med srednjel iadnimi plastmi, dokazanimi s fosili, in 
spodnjemalmskimi skladi z vodilno mikrofloro, nismo našli fosilnih 
ostankov. Po legi smo te vmesne sedimente prišteli zgornji liadi in 
doggerju. Med n j imi nismo n ik je r zasledili diskordance. Sestavl ja jo jih 
v glavnem oolitni apnenec z različno velikimi ooliti, nadal je siv gost 



apnenec in marogas t apnenec. V t e m delu j u r e n i smo dobili mikrofosi lov, 
ki bi imeli večj i pomen za določitev s tarost i plasti . Našli smo sicer ne -
k a t e r e fo ramin i fe re , m e d n j i m i za dogger n a j b o l j znači lne p r i m e r k e iz 
d ruž ine Va lvu l in idae in Tex tu la r i idae (3. si.), v e n d a r v r s t n i smo mogli 
določiti. Te f o r a m i n i f e r e nas topa jo često v vzorcih iz s r edn jega dela jure . 
Dobili smo j ih t u d i p r i mikropaleonto loški obdelavi j u r skega prof i la n a 
Mali gor i (S r i b a r , 1965). 

Spodn j i m a l m 

Malm smo s pomočjo- mikro fos i ln ih os tankov razdel i l i v spodnj i 
m a l m (oxford i j - spodnj i k immer idg i j ) in zgorn j i m a l m (zgornji k i m m e -
r idg i j -por t land i j ) . 

Spodn j i m a l m (oxford i j - spodnj i k immer idg i j ) . P las t i spodn jega m a l m a 
ležijo k o n k o r d a n t n o n a doggerskih skladih. Ses tav l j a t a j ih svet lo do 
t e m n o siv gost apnenec in oolitni apnenec. N j ihova s taros t j e dokazana 
s fosili. N a j p o m e m b n e j š i so spodn jema lmsk i hidrozoji . S p o d n j e m a l m s k i 
oolitni apnenec v s e b u j e os tanek f o r a m i n i f e r e ,Protope7ieroplis striata 
Weynschenk (4a in 4 b si.), k i j e vodi lna za zgorn j i de l dogger ja in 
spodn j i ma lm. 

Kaže, da je t a f o r a m i n i f e r a pr i n a s redka , k a j t i k l j u b ve l ikemu 
številu p reg ledan ih vzorcev iz j u r s k i h sed imentov j e bila ta n a j d b a 
dolgo osaml jena . š e l e pozneje, p r i k a r t i r a n j u l is ta I l i rska Bistr ica 65 in 
K r a n j 65, s m e v spodn jema lmsk ih p las teh ponovno našl i f o r amin i f e ro 
Protopeneroplis striata Weynschenk . P o l i t e r a tu rn ih poda tk ih ( W e y n -
s c h e n k , 1950) nas topa ta f o r a m i n i f e r a v z g o r n j e m dogge r ju in spod-
n j e m ma lmu . V naš ih na jd i šč ih pa smo j o vedno našl i le v spodn je -
m a l m s k e m apnencu . 

Med Zagradcem in Randolom so v spodn jem m a l m u zelo pogos tne 
alge iz rodu Coscinoconus sp. (5. si.). Te alge so š tevi lne t u d i v d rug ih 
območj ih S loveni je v spodn jema lmsk ih plas teh. 

Zgorn j i m a l m (zgornj i k immer idg i j -po r t l and i j ) 

Z g o r a j e m a l m s k e plas t i leže k o n k o r d a n t n o n a spodn jema lmsk ih . 
Ses tav l j a j ih povečini svet lo siv apnenec, k i kaže ponekod ooli tno ali 
psevdoooli tno s t ruk tu ro . Apnenec se m e n j a v a s svet l im z rna t im dolo-
mi tom. Med Z a g r a d c e m i n R a n d o l o m s m o našl i v š tev i ln ih vzorcih zgor-
n j e m a l m s k e g a apnenca vod i lno a lgo Clypeina jurassica F a v r e (6. si.). 

V zgo rn j em de lu z g o r n j e g a m a l m a n a s t o p a j o s k u p n o s k l ipe inami 
t u d i ve l ike t i n t i n ine = Bankia striata (Carozzi). 

Na zgo rn j ema lmsk ih p las teh leži spodn jek redn i apnenec. Tudi s taros t 
t ega apnenca smo dokazal i z mikrofosi l i . 



JURASSIC SEDIMENTS BETWEEN THE VILLAGES ZAGRADEC AND 
RANDOL IN KRKA VALLEY 

In the course of geological mapping on the sheet Ribnica 52/3 between 
the villages Zagradec and Randol fa i r ly complete strat igraphic section 
of Jurassic sediments ranging f rom Liassic to Malm has been encountered. 
In this region some Jurassic guide fossils and microfossils have been 
found. This f i rs t and the stratigraphical position of the strata enabled 
the division of Jurassic sediments into Lower and Middle Liassic, Upper 
Liassic-Dogger, Lower Malm and Upper Malm. 

Lower Liassic. The Lower Liassic s t ra ta are conformably underlain 
by the Upper Triassic dolomit of t he Noric and Rhaetic stage. The Triassic 
dolomite grades into dolomitized limestone and gray limestone containing 
localy oolites and relics of brachiopods and gastropods. 

In the described region the Lower Liassic s t ra ta couldn't be identified 
by means of the fossils; conjectures about their age hawe been possible 
only on the basis of their position between the Upper Triassic dolomite 
and Middle Liassic s t ra ta wi th lithiotides. In the nor th western par t of 
the "Šiški v r h " Palaeodasycladus mediterranues (Pia) (Fig. 1) has been 
fund . This alga is widespread f rom the upper par t of Lower Liassic to 
the lower par t of the Upper Liassic but is not considered to be the guide 
fossil of the Lower Liassic. 

Middle Liassic. The Middle Liassic limestone is predominantly dark 
gray in colour and contains relics of whi te shells of lithiotides. The 
horizon wi th lithiotides has been traced without in terrupt ion f r o m 
Globočec nea r Zagradec, whe re it has been already mentioned by 
G e r m o v š e k (1950) to Randol near the Krka river. In the s t ra ta with 
lithiotides the guide Middle Liassic foraminifer Orbitopsella praecursor 
(Giimbel), (Fig. 2) has been identif ied. 

Upper Liassic-Dogger. In the sediments occurring between the Middle 
Liassic s trata proved by the presence of fossils, and the Lower Malmian 
s t ra ta containing the guide microflora, there were no determinable fossils, 
by which the age of these interbedded s t ra ta could be identified. 

These sediments have been ranged in the Upper Liassic and Dogger 
only owing to their position. They are composed of oolitic limestone, gray 
and dense limestone and mottled limestone. In general some small 
foramini fe rs belonging to the family of Valvulinidae and Textulari idae. 
(Fig. 3) have been found in this pa r t of the Jurassic. 

Lower Malm (Oxfordien-Lower Kimmeridgien) 

The age of the Lower Malmian s t ra ta conformably overlying the 
Doggerian beds is established by the presence of the hydrozoan fauna 
The foramini fer Protopeneroplis striata Weynschenk (Figs 4 a and 4 b), 
which is the guide fossil fo r t he upper par t of Dogger a n d fo r the Lower 
Malm, has been identif ied in the Lower Malmiian oolitic limestone. 

In the Lower Malmian limestone between Zagradec and Randol the 
algal r emnan t s of Coscinoconus (Fig. 5) a r e very abundant . 



U p p e r M a l m (Upper Kimmer idg ien-Por t l and ien) . The Upper M a l m i a n 
s t r a t a over ly ing con fo rmab ly t h e L o w e r M a l m i a n s t r a t a a r e mos t ly r e -
presen ted by l ight g ray l imestone of oolitic and pseudoodli t ic t ex tu re . 
T h e l imestone a l t e rna tes w i t h g r a n u l a r dolomite. Here t h e guide fossil 
is Clypeina jurassica F a v r e (Fig. 6), occur r ing in the u p p e r p a r t of t h e 
U p p e r M a l m toge the r w i t h T in t inn ides a b e r r a n t e s — Bankia striata (Ca-
rozzi). T h e U p p e r M a l m i a n s t r a t a a r e over la in by L o w e r Cre taceous 
l imestone. 
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SI. 2. Orbitopsella praecursor (Gtimbel) 32X, s r e d n j a l iada, 
Z a g r a d e c - R a n d o l št. zb. 766 a—6737 

SI. 3. Textulariidae, 35X, z g o r n j a l i ada -dogger , Z a g r a d e c -
R a n d o l št. zb. 568—5741 



SI. 4 a . Protopeneroplis striata W e y n s c h e n k , 75X, spodn j i 
m a l m , Z a g r a d e c - R a n d o l , št. zb. 773—6776 

SI. 4 b. Protopeneroplis striata W e y n s c h e n k , 75 X, s p o d n j i 
m a l m , Z a g r a d e c - R a n d o l št. zb. 23—12434 



SI. 5. Coscinoconus sp., 35 X, s p o d n j i m a l m , Z a g r a d e c - R a n -
dol, št. zb. 711—6761 

SI. 6. Clypeina jurassica F a v r e , 32X, zgo rn j i m a l m , Za -
gradec-Randiol , št. zb. 503—5635 



SI. 1. Sphaerocodium borvemanni na površ in i g l a v n e g a do lomi ta . S t a r o A p n o 
pr i T u r j a k u . N a r a v n a ve l ikos t 

Fig. 1. Sphaerocodium, bornemanni n a t u r a l l y w a s h e d o u t on the s u r f a c e of 
u p p e r do lomi te . S t a r o A p n o a t T u r j a k . N a t u r a l s ize 
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SI. 2. Z b r u s e k do lomi t a z a l g o Sphaerocodium bornemanni. P o v e č a n o 4,5-krat 

Fig. 2. T h i n sec t ion of do lomi t e inc lud ing a lga Sphaerocodium bornemanni. 
E n l a r g e d 4,5 X 

GEOLOGIJA 9 BUSER, PLASTI S SFEROKODIJI 



STAROST PLASTI Z ALGO SPHAEROCODIUM BORNEM AN NI 
R O T H P L E T Z V SLOVENSKIH Z U N A N J I H DINARIDIH 

Stanko Buser 

Z 1 skioo med tekstom in 2 slikama v prilogi 

Plas t i z algo Sphaerocodium bomemanni Rothple tz so b i le v J u g o -
s lav i j i p rv ič o d k r i t e leta 1945. Opisal j ih je leta 1952 H e r a k. Iz Slo-
v e n i j e je isti av to r določil p r v e s fe rokod i j e šele le ta 1957. 

P o poda tk ih geološke l i t e ra tu re se s fe rokodi j i v a lpskem razvo ju 
t r i ade p o j a v l j a j o od zgorn jega dela lad inske s t opn j e (kasian-cordevol) in 
sega jo v zgorn jo t r iado. R o t h p l e t z (1891, 299) in L e u c h s (1925,7) 
p rav i t a , d a so t e alge n a j b o l j r azš i r j ene v kas iansk ih (cordevol) in po-
sebno še v k a r n i j s k i h plas teh. H e r a k (1952, 190) j e p rv i izrazil 
miš l j en je , da so s fe rokodi j i razš i r jen i tud i v plas teh nor iške s topnje . 
R o t h p l e t z (1891, 299 in 300) pa j ih je našel t u d i v p las teh re t ske 
s topnje . 

Sphaerocodium. bomemanni i m a krog las t t a l u s s koncen t r i čno 
zgradbo, podobno oolitni. Na p re rez ih so lepo v i d n e posamezne plasti , 
k i j ih p r e d s t a v l j a j o enocel ična v l a k n a indiv iduov. Med plas tmi , oziroma 
krog las t imi talusi , so t a n k i pasovi p r ikamen ine , n a v a d n o t emne j š i k o t 
talusi , ki j ih na t e r enu zato l ahko opazimo. Kroglas te plast i ta lusov po -
večini o b d a j a j o drobec k a m e n i n e ali m a j h e n odlomek lupine. P r v e no -
t r a n j e plast i i m a j o zato več ali m a n j obliko t u j e g a vk l jučenega telesa, 
m e d t e m ko so z u n a n j e plas t i lepo okrogle, ozi roma grudas te . Velikost 
kroglas t ih alg j e od 1 do 16 mi l imet rov . Na razn ih lokal i te tah se dobe t u d i 
razl ično vel ike alge. Povečini n a s t o p a j o alge tesno d ruga ob d rug i in so 
kameno tvo rne ; zato kaže jo plas t i v idez ool i tne zg radbe (1. in 2. si.). 

P r i geološkem k a r t i r a n j u smo dognali , da se p o j a v l j a hor izont s 
Sphaerocodium bomemanni v s lovenskih z u n a n j i h Dina r id ih v s r e d n j e m 
de lu g lavnega dolomita , k i p r i pada nor iški in re t sk i s topn j i zgorn je 
t r iade. Ta dolomit j e l i tološko sko ra j povsod enako razvi t od spodnjega 
do zgorn jega dela. 

Na doslej k a r t i r a n e m ozeml ju s lovenskih z u n a n j i h Dinar idov so pod 
g lavn im do lomi tom povsod plas t i k a r n i j s k e s topnje , ki j ih p r eds t av l j a j o 
rdečkas t peščenjak , argil i t , lapor, breča, kong lomera t in tuf i . Ponekod je 
razvi t v s p o d n j e m delu klas t ičnih k a r n i j s k i h sed imentov črn apnenec 
z vmesn imi g l inas t imi in l apo rna t imi p las tmi . V teh g l inenolapornih plas teh 
se dobe značilni fosili Pachycardia rugosa Hauer , Trigonodus camiolicus 
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Bitt., Myophoria kefersteini Miin. V zgornjem delu dolomit noriško-retske 
s topnje postopno p reha ja v spodnje jurske plasti. Noriško-retski dolomit 
je v slovenskih zunan j ih Dinaridih tipično skladovit in pasovit ter vsebuje 
vložke belega zrnatega nepasovitega dolomita. Debelina noriško-retskega 
dolomita je 1000 do 1500 metrov. 

Sphaerocodium bornemanni in drugi fosili se navadno pojav l ja jo 
v zrna tem dolomitu. Horizont z a lgami j e debel 25 cent imetrov do 2 me-
tra. P r i Gorn j ih Otavah severovzhodno od Cerknice smo- poleg alge' 
Sphacrocodium bornemanni našli še školjko Conchodus injraliasicus 
(Wulf.) in polža Worthenia solitaria Benn. Severno od Dol (zahodno od 
Radeč) pa leži horizont s Conchodus infraliasicus t ik pod horizontom 
z algami, med tem ko n a h a j a m o plasti z megalodontidami in polži drugod 
n e k a j met rov nad horizontom z algami. S t em j e dokazano, da pr ipada 
horizont z algo Sphaerocodium bornemanni v slovenskih zunanj ih Di-
nar idih povsod noriški stopnji . 

Algo Sphaerocodium bornemanni smo dobili tudi v spodnjem delu 
karni jskega črnega lapornatega apnenca na hr ibu Zaplaz pri Čatežu. 
To najdišče leži na mej i Posavskih gub. Karn i j ske plast i leže t u k a j na 
belem z rna tem cordevolskem dolomitu. S tem j e v Slovenij i sedaj prvi -
k ra t na jdena ta alga tudi pod noriško-retskim dolomitom. Vendar s tem 
ni izgubila s t ra t igrafskega pomena za slovenske z u n a n j e Dinaride, k je r 
jo dobimo samo v g lavnem dolomitu. Imeti moramo vedno pred očmi, da 
j e lahko isti. fosil, k i za določeno območje ni vodilen, drugod vodilen, 
ke r se po jav l ja v s ta lnem horizontu. 

Nad horizontom z algami leži v slovenskih zunanj ih Dinaridih Še 
v znatni debelini litološko popolnoma enak dolomit, ki pripada delno še 
noriški delno pa že retski stopnji . Po postopnem prehodu glavnega do-
lomita v plasti spodnje j u r e sklepamo, da je povsod razvita tudi re tska 
s topnja, ki je pa zaradi p o m a n j k a n j a fosilnih ostankov in litološko enako 
razvitega dolomita ne moremo ločiti od noriške stopnje. 

Opis važnejših najdišč sferokodijev 
3. si. 

Dolina Bele pr i Idriji . V zgornjem delu kan jonske doline, vrezane 
v glavni dolomit, nastopa v zrnatem dolomitu med pasovitim dolomitom 
okoli 2 me t ra debela plast, k i je vsa polna alg Sphaerocodium borne-
manni. Ta plast leži okoli 600 metrov nad plastmi karn i j ske s topnje 
dokazanimi s fosili. Tik nad horizontom s sferokodij i slede skladi s škol j -
kami Conchodus infraliasicus. P las t z a lgami se da več ali m a n j kon-
t inuirno slediti n a dolžini okoli dva kilometra. Nad horizontom s sfero-
kodi j i leže še okoli 500 me t rov debele plast i glavnega dolomita, k i n a 
severnem poibočju Trnovskega gozda p r e h a j a j o v spodnjel iadne plasti. 

Godovič. Ob cesti Godovič—Zavratec je v peskolomu zdrobljenega 
pasovitega dolomita okoli 2,5 me t ra debel horizont s sferokodiji , ki so 
zelo lepo ohranjeni . Tudi t u k a j leže pod tem dolomitom klastični skladi 
karn i j ske stopnje. 
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SI. 3. Najdišča alge Sphaerocodium v južni Sloveniji 
Fig. 3. Localities of alga Sphaerocodium in southern Slovenia 

Vrhnika. Na j u ž n e m pobočju h r iba P lan ina zahodno od V r h n i k e je 
v z r n a t e m dolomitu, k i nas topa v pasovi tem g lavnem dolomitu, X m e t e r 
debel hor izont s s ferokodi j i . Tud i t u k a j leži dolomit, ki p r ipada nor iško-
re t sk i s topnj i , n a ka rn i j sk ih plasteh. 

Borovnica. Ob stezi, k i se v z p e n j a po s t rmi grap i Peke l južno od 
Borovnice, v s e b u j e pasovi t i dolomit okoli 1,75 m e t r a debelo plast s s fe ro-
kodi j i . Ta plast leži okoli 400 m e t r o v n a d klas t ičnimi sediment i k a r n i j s k e 
s topnje . P rece j visoko n a d p las t jo s s fe rokodi j i sledi bel z rna t dolomit 
z m egal odont id ami. 

Cerknica. P r i vasi Selšček severovzhodno od Cerknice, k j e r se odcepi 
cesta prot i Raki tn i , s t a v pasov i tem nor i ško- re t skem dolomitu dve po en 
me te r debel i plast i s s ferokodi j i . Ob isti cesti, k i pe l j e od vasi G o r n j e 
Otave p ro t i Raki tn i , smo našl i t ik nad hor izontom s s ferokodi j i t ud i 
ško l jko Conchodus injraliasicus i n polža Worthenia solitaria. Tu! j e ne-, 
spo rno dokazano, d a p r ipada hor izont s s fe rokodi j i nor i šk i s topn j i zgo rn j e 
triadei. 

Turjak. P r i vaseh Cretež, Visoko in S t a ro apno v okolici T u r j a k a j e 
n a j v e č na jd i šč s fe rokodi jev n a vsem raz i skanem ozemlju. Tud i t u k a j 
nas topa v g l avnem dolomi tu od 1 do 2 m e t r a debel hor izont s sferokodi j i , 
k i s e d a slediti , de lno p rek in jeno , n a več k i lometrov. V vse j dolžini leži 
dolomit k o n k o r d a n t n o n a d p las tmi k a r n i j s k e s topnje . T u k a j l ahko ome-



n imo tud i več na jd i šč s fe rokodi jev v g lavnem dolomitu južno od vasi 
K r v a v a peč, k j e r g rad i ta dolomit večji del s t rmih s ten Iškega Vin tga r j a . 

Knežja lipa. Z območja Kočevske j e že H e r a k opisal plasti s s f e ro -
kodi j i ; p r i m e r k e m u je poslal pokojn i G e r m o š e k ( H e r a k 1957, 
31 in 33). Tud i v okolici Knež j e l ipe na Kočevskem so sferokodi j i v g lav-
n e m dolomitu, ki leži n a klas t ičnih sed iment ih k a r n i j s k e s topn je in 
to re j p r i pada nor i ško- re t sk i s topnj i . Sphaerocodium bornemanni se po-
j a v l j a v s r edn j em delu g lavnega dolomita, ki vsekakor p r ipada še noriški 
s topnj i . 

Najdišča s fe rokodi jev n a Kočevskem so n a r a v n o n a d a l j e v a n j e na jd i šč 
v okolici Ribnice, T u r j a k a in K r v a v e peči. Prot i jugovzhodu se n a d a l j u j e j o 
skladi g lavnega dolomita s Kočevskega v sosednjo Hrva tsko , k j e r dolomit 
s s ferokodi j i p r a v gotovo tudi p r ipada nor iški s topnj i . 

Polica. Ob cesti v s t r m e m vseku na zahodni s t rani vasi Polica smo 
našl i s fe rokodi je v t e m n o s ivem pasovi tem g lavnem dolomitu. Plast 
z a lgami j e debela okoli 30 cent imetrov. Zanimivo je to. da se dobi ob 
isti cesti, že zgora j n a r avn im, še več plasti s sferokodi j i , ki so m e d 
seboj ločene s p las tmi brez alg. V e n d a r so v teh viš j ih plasteh, ki leže 
okoli 55 m e t r o v nad spodn jo p las t jo z algami, p r imerk i s ferokodi jev bol j 
zakrnel i in niso t ako številni. V vmesnih plasteh med spodn j im in zgor-
n j i m hor izontom s s ferokodi j i se dobe v belem z rna t em dolomitu p r imerk i 
ško l jke Conchodus cf. injraliasicus. 

Dole. V vseku nove ceste severno od Dol j e n a j d e n v pasovi tem 
dolomitu okoli 2 m e t r a debel horizont s s ferokodi j i . Zanimivo je, da leži 
t u k a j plast z mega lodontom Conchodxis injraliasicus 35 m e t r o v pod hor i -
zontom s s ferokodi j i . 

Svibno. Na s t r m e m j u ž n e m pobočju od Svibnega so s ferokodi j i v be -
lem z r n a t e m g lavnem dolomitu, k i je l i tološko zelo podoben kas ianskemu 
(cordevol) dolomitu zgorn jega dela lad inske s topnje . 

D v e zadn j i na jd išč i ležita v Posavsk ih g u b a h in kažeta , da se 
Sphae rocod ium bornemanni po j av l j a t u d i z u n a j območja z u n a n j i h Di-
na i idov . 

Julijske Alpe. Na območju Manga r t a leži glavni dolomit s sferokodij i , 
o ka t e r ih je poročal že H e r a k (1957, 35), na klas t ičnih sediment ih k a r -
n i j ske s topn je in v e r j e t n o p r ipada noriški s topnj i zgorn je t r iade. V zad-
n j e m času pa na tem območju nismo raziskovali in zato n i m a m o novih 
podakov o s tarost i plasti s s ferokodi j i v Ju l i j sk ih Alpah . 

THE A G E O F THE STRATA WITH THE A L G A SPHAEROCODIUM 
B O R N E M A N N I ROTHPLETZ IN THE SLOVENE E X T E R N A L DINARIDS 

Dur ing the geological m a p p i n g of the Slovene ex te rna l Dinar ids w e 
succeeded in ge t t ing m a n y par t i cu la r s about t he age of t ha t s t r a t a con-
ta in ing the Alga Sphaerocodium bornemanni Rothpletz . T h e algal 
r e m n a n t s appea r in t h e 25 cm t o 2 m th ick horizon in t h e dolomite of 
t h e Noric stage. At G o r n j a Otava NE of Cerknica besides Sphaerocodium 
bornemanni a lso t h e shell Conchodus infraliasicus (Wulf.) a n d t h e snai l 



Worthenia solitaria Benn. h a v e b e e n discovered. N o r t h of Dole (West of 
Radeče) t h e hor izon w i t h t h e Conchodus infraliasiciLS a p p e a r s juBt u n d e r 
t h e hor izon of sphaerocodiums. I n t h e m o s t locali t ies t h e s t r a t u m w i t h 
mega lodont ids a n d snai ls l ies s o m e m e t r e s a b o v e t h e a lga l horizon. I t 
is p r o v e d t h a t t h e s t r a t a w i t h Sphaerocodium bomemanni of t h e Slovene 
e x t e r n a l Dina r ids be long t o t h e Nor ic s tage of t h e U p p e r Triassic. 

Above t h e hor izon w i t h sphae rocod ium a th ick series of dolomites 
lies, w h i c h is l i thological ly comple te ly t h e s a m e a n d be longs p a r t l y 
t o t h e Noric a n d pa r t l y a l r eady t o t h e Rhae t i c stage. 

O n t h e s o u t h e r n b o r d e r of S a v a folds, and t h a t a t Čatež v i l lage a lga 
Sphaerocodium bomemanni Rothple tz occur a lso in b lack m a r l y l imestone 
of l ower p a r t of Ca rn i c stage. 
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IGNIMBRITNI T U F I P R I P O D U U B E L J U 

Ančka Hinterlechner-Ravnik 

S 14 slikami v prilogi 

K r a t k a vsebina. Na območ ju P o d l j u b e l j a p r i Tržiču smo v izdankih 
plasti , k i so j ih doslej ka r t i r a l i ko t w e r f e n s k e in anizične, z mikroskopsko 
raz iskavo določili i gn imbr i tne t u f e v dveh hor izont ih . Ign imbr i tn i t u f i pod 
rudonosn im apnencem so v g l avnem rdeči in beli. V s e b u j e j o v t rošn ike 
p r v o t n e g a ka l i j evega g l inenca n i ž e t e m p e r a t u r n e g a san id ina in or toklaz. 
N a d rudonosn im apnencem pa n a j d e m o poleg rdečih t u d i zelene in sive 
različke, n i k d a r pa izrazi to bel ih. Ti razl ički so pogosto sp remen jen i . 
Znači lno z a n j e j e tudi , d a so ses tavl jeni v g l avnem iz kr i s ta lov s e k u n d a r -
nega a lb i ta in f r a g m e n t o v plovca. Za oba hor izonta pa vel ja , d a so 
značilnosti i gn imbr i tn ih t u f o v v n e k a t e r i h vzorcih lepo oh ran j ene , v d r u -
gih p a za rad i dev i t r i f ikac i j e zabr isane. Kemično anal iz i rani vzorec p r ipada 
i g n i m b r i t n e m u t u f u b io t i tnega po r f i r j a . 

Uvod 

Jesen i le ta 1965 so S. B u s e r , S. D o z e t in J . C a j h e n geološko 
ka r t i r a l i ožjo okolico Pod l jube l j a . V plas teh, k i so j ih imeli za w e r f e n s k e 
in anizične, so bili pozorni zlasti n a i zdanke kamen in , k i so j i h geologi 
pr iš teval i h k r e m e n o v e m u por f i r i tu . Raznoba rvne vzorce t eh izdankov, ki 
so j ih vzeli pod rudonosn im apnencem in n a d n j im , smo podrobno pe t ro -
g ra f sko analizirali . Nismo pa raziskal i t u f sk ih vzorcev iz t is tega dela 
prof i la , k i so ga geologi že doslej šteli v wengen . 

Doslej so geologi imeli o r u d e n e n j e v Pod l jube l j u za wengensko. Ce 
j e razdel i tev celotnega zapored ja n a wer fensk i , anizični in wengensk i del 
točna, j e o r u d e n e n j e w e r f e n s k e starosti . V e n d a r pa je za t a k sklep 
t r eba p r e j ponovno prever i t i celotno zapo red j e plast i na podlagi pa leonto-
loških dokazov. 

O w e r f e n s k i h sediment ih , podobn ih tu fom, j e pisal G e r m o v š e k 
(1955, 117), o v e r j e t n i sed imentac i j i p r o d u k t o v t e d a n j e g a vu lkan izma 
Z o r e (1955, 29), o t u f i h v p las teh ski tske s topn je n a območju L j u -
be l j skega pre laza p a K a h l e r (1959,146). 



O nastanku ignimbritnih tufov in njihovi terminologiji 

Ignimbri tni tuf i so nastali tako, da je zelo viskozna steklasta mag-
matska masa zaradi velike vsebnosti plinov eksplodirala, preden se je 
razlila čez žrelo vulkana. Oblak eksplodiranega materiala, tako- imenovani 
»nuee ardente«, sestavl jen iz pepela plovca in značilnih konkavnih 
f ragmentov sten p re j šn j ih votlinic, ki so bile zapolnjene s plini, je padel 
še vroč na zemljo-, k j e r se j e začel zaradi las tne teže premikat i kot lavina. 
Od tod izvira psevdofluidalna s t ruk tura kamenine. Zaradi visoke tem-
pera tu re je bil ves mater ia l še plastičen, zato so se konkavni steklasti 
drobci in plovec, obteženi z maso premikajočega se materiala, povečini 
sploščili in razpotegnili. Deformacije so različne glede na lego drobcev 
v tufskem materialu, na jmočnejše so v sredini. Na jman j š i steklasti drobci 
in pepel so se plastično ovili okrog vtrošnikov in večjih kosov plovca, ki 
so predstavl jal i oviro za premikajoči se material . 

Za ignimbri tne tu fe j e tudi značilno, da so se lahko posamezni 
steklasti drobci med seboj zvarili, ka r je posledica visoke tempera ture 
in nj ihovega neposrednega medsebojnega stika. Visoka temperatura , po-
časno oh la jan je in prisotnost plinov pa so navadno povzročili tudi de-
vitr if ikacijo steklastih komponent . Devitr if ikacija je pogosto popolnoma 
zabrisala značilne s t rukture , zlasti vitroklastično, ki pa se je ohranila, 
če so drobci kristalizirali z aksiolitno s t rukturo. Zaradi limonitizacije pa 
značilne s t ruk ture k l jub devitr if ikacij i pogosto vidimo brez analizatorja. 
S t ruk tu rne različke tufov je laže ločiti v mlajš ih kameninah kot v s ta-
rejših. Produkte devi tr i f ikaci je stekla preds tavl ja jo po l i teraturnih po-
da tk ih ortoklaz, t r id imit in kristobalit . V starejš ih vulkanskih kameni-
nah preideta t r idimit in kristobali t v kremen. Te zelo drobno zrna te 
agregate so analizirali po- rentgenski d i f rakci jski metodi. 

Vtrošniki, ki so za ignimbri tne tu fe tudi značilni, so idiomorfni, hipi-
diomorfni in pogosto nalomljeni . Nastajal i so že v intratelurni fazi, ko 
so bili tudi magmatsko korodirani. Vtrošniki p r ipada jo večinoma kre-
menu in kislim plagioklazom. 

Ignimbri tni tu f i na s t a j a jo predvsem iz zelo viskoznih, kislih in 
srednjekisl ih magem. 

Raziskovalci si danes glede pomena izraza ignimbrit niso enotni. 
Neenotnost izvira od tod, ker ga uporabl ja jo za različne pojme. Vulkano-
logi označujejo z n j im vrsto erupcije, medtem ko ga nekater i geologi 
uporabl ja jo kot ime določene skupine kamenin, drugi pa celo kot vrsto 
kamenin. 

Vulkanologi so prvotno razlikovali dve glavni vrsti eruptivnih pro-
duktov: lavo in tefro, oziroma tuf . Sčasoma se je pokazala potreba, da se 
za vmesne člene na jde jo novi izrazi; L e w i n s o n - L e s s i n g (Armen-
skoje vulkaničeskoje negorje. Pr i r . 5, 1928), je vpel jal tu fo lave kot t re t j i 
tip efuzivov, M a r s h a l l pa leta 1932 pojem ignimbritov. Nekatere 
vrste kamenin obeh skupin so si zelo podobne. Vendar izraza tufolava in 
ignimbrit nista identična in ju mnogi avtor j i nedosledno uporabl ja jo . 
S t ruk tu re tufolav in ignimbritov, ki jih opazujemo pod mikroskopom, 
pa so lahko enake ( P i c h l e r , 1963). 



Tufolava j e po V l o d a v c u (1953) avtobrečasta lava; na s t a j a v no-
t ranjos t i lavinih potokov, če razpoke v m a n j viskoznih delih lave zapolnijo 
drobci iz n jenega bolj viskoznega toka. Pod nada l jn j imi mehaničnimi 
vplivi se zvišujeta pritisk in tempera tura , tako pr ide do plastičnih de-
formaci j in s t em v zvezi do podobnih s t ruk tu r kot so ignimbritne. 
Vendar so tako nastale s t ruk tu re redke. Po P i c h l e r j u razl ikujemo 
tufolave od ignimbri tov po tem, da so plasti tufolave t an j še in m a n j 
razsežne. 

Izraz ignimbri t bi bilo možno opustiti. Ker pa je v l i tera tur i tako 
zelo razšir jen, ga bi bilo težko odpravit i . Vendar ga v pe t rografskem 
pomenu ne smemo več uporabl ja t i v samostalniški obliki, temveč le 
v pridevniški. »Ignimbritni riolit« je petrografski izraz, med tem ko je 
»riolitni ignimbrit« vulkanološki po jem ( V l o d a v e c , 1964). »Ignim-
br i tn i izbruh« j e poseben t ip vulkanskega izbruha. Njegovi produkt i 
i m a j o obliko pokrova, sestavl jenega v prerezu iz različnih kamenin: 
vulkanskega pepela, (nezvarjenega) tufa , delno zvar jenega tufa , zvar je -
nega tu fa in rahlega plovca, ki kažejo posebne s t rukture . Za petrografsko 
vrednoten je j e potrebno raziskati celoten profil , medtem ko na s t ra t i -
grafski pomen kažejo tudi posamezni kosi tufolav oziroma ignimbri tn ih 
tufov. Ignimbri tne usedline moramo petrografsko še posebej določiti kot 
npr . ignimbri tni riolitni tuf . V tem smislu smo izraz ignimbri ten v t em 
članku tudi uporabljal i . 

Pe t rografska raziskava podl jubel jskih ignimbri tnih tu fov 

Podrobno smo petrografsko analizirali vzorce ignimbri tnih tufov iz 
izdankov v skitskih in anizičnih sedimentih. Tudi tufski različki v wen-
genskih skladih tega območja kažejo vitroklastično s t rukturo, na tanč-
ne je pa nj ihovih vzorcev še nismo raziskali. 

Analizirani različki se med seboj ločijo po barvi in po sestavi. Za 
ignimbri tne tufe pod rudonosnim apnencem sta značilni predvsem rdeča 
in bela barva, medtem ko nad rudonosnim apnencem na jdemo poleg 
rdečih različkov tudi več zelenih in sivih, n ikdar pa izrazito belih. Zaradi 
različnih odtenkov ba rv vidimo pogosto že megaskopsko, zlasti na rdečih 
različkih, da so sestavljeni iz f r agmentov različne velikosti od enega 
mil imetra do n e k a j centimetrov, s čimer p reha ja jo že v breče. 

Bis tvena značilnost ignimbri tn ih tu fov pod rudonosnim apnencem 
je, da vsebuje jo kot vtrošnik prvotni kal i jev glinenec, n iže tempera turni 
sanidin kriptopert i t , ki včasih p reha ja v ortoklaz. Nižetemperaturni 
sanidin dokazuje počasno h la j en je tufske mase. Vtrošniki in osnova ignim-
br i tn ih tufov, ki leže nad rudonosnim apnencem, pa so spremenjeni . 
Plagioklaz je zastopan v vseh pregledanih vzorcih s sekundarn im albitom, 
ki je pogosto že tudi kalcificiran in sericitiziran. V laboratori jski zbirki 
pa imamo tudi vzorce, ki j ih je v zgornjem horizontu nabra l B e r c e 
leta 1953; ti vsebuje jo svež sanidin. Vtrošniki glinencev v starejših 
ignimbri tnih tu f ih so redki (do 15°/o), medtem ko kristal i glinencev 
v mlajš ih ignimbri tnih tu f ih včasih v kamenini prevladuje jo . 



Iz izdankov pod rudonosnim apnencem smo petrografsko raziskali 
vzorce št. 701, 1173 (štirje različki), 1216, 1259, 1381, 1454, ki so vijoličasto 
rdeči, sivi, beli in zeleni. Zaradi različnih odtenkov vidimo pogosto že 
megaskopsko, zlasti na rdečih različkih, da so sestavljeni iz f ragmentov 
različne velikosti od enega m m do n e k a j cm. 

S t ruk tu re teh vzorcev smo pod mikroskopom zlasti lepo opazovali 
brez anal izator ja v zbruskih rdečih različkov. Vulkanski f ragment i so 
včasih precej močno deformirani (si. l a in l b ) . Plovec j e pogosto popol-
noma st isnjen ali (v belih različkih) zelo razpotegnjen ter žarkovito kr i -
staliziran. Redki f ragment i , predvsem večji, ki imajo jasno laminacijo 
in včasih drobne spremenjene vtrošnike plagioklaza, pa niso deformirani 
(si. 2). Take f r agmen te smo našli tudi v ignimbri tnih tu f ih v krovnini 
rudonosnega apnenca. 

Osnovo pregledanih ignimbri tnih tu fov sestavl jajo steklasti drobci 
značilnih oblik (si. l a in 2a) in na j f ine jš i vulkanski pepel. Redko smo 
opazovali skora j popolnoma ohran jene podolgovate votlinice nekdanj ih 
plinskih mehurčkov (si. l a ) . Steklo j e mikro do zelo drobno devitrifici-
rano in ga pod mikroskopom ni mogoče natančneje določiti. Značilna 
je aksiolitna s t ruk tu ra devitr if iciranih drobcev (si. l a in l b ) . Beckejeva 
črta osnove je glede n a vtrošnike sanidina pozitivna, glede na kanadski 
balzam pa negativna. V enem samem zelo silificiranem vzorcu pa smo 
ugotovili pozitivno Beckejevo črto. V tem vzorcu (št. 1 454) je tudi vtroš-
nik sanidina včasih nadomeščen z drobnozrnat im kremenom in albitom 
(si. 3). V osnovi rdečih različkov sta drobno dispergirana magneti t in 
hemati t , osnova belih različkov pa je kalna. V rdečih vzorcih ni samo 
osnova obarvana z železovimi oksidi, temveč tudi litoidni f ragment i , ki 
se pa zaradi različne koncentraci je oksidov jasno odražajo od osnove 
kamenine. V osnovi zelenkastih različkov j e drobno dispergiran klorit ; 
večje luske smo opazovali le redko. Včasih je osnova delno sericitizirana. 
Akcesorna so posamezna nekoliko večja zrna železovih oksidov in apatit . 

Kot vtrošniki nas topajo kalijevi glinenci. V belih različkih so pogosto 
popolnoma kaolinizirani, v rdečih pa smo našli kr is talno čist sanidin 
kriptopert i t (si. l a , l b , 2a in 2b). Skora j pri vseh mer i tvah sanidina po 
metodi Fedorova smo ugotovili rahla odstopanja od monoklinske mreže, 
ker ta metoda za določanje kali jevih glinencev ni na jbo l j natančna. Kot 
optičnih osi, kemična analiza kamenine, steklast lesk in prosojnost kr i -
stala pa jasno govore za sanidin. Njegovi kristali so hipidiomorfni, včasih 
nalomljeni, z lepimi sledovi magmatske resorbcije. Navadno so poedinci, 
redko dvojčični, predvsem po bavenskem zakonu, a tudi po kar lovarskem 
in manebaškem ter tvori jo lepe kombinacije. Sliki l a in l b kažeta 
magmatsko korodi ran sanidinov vtrošnik, zraščen po levem in desnem 
bavenskem ter po manebaškem zakonu. Na dveh rahlo conarnih zrnih 
(si. 2 a in 2b) smo lahko neposredno zmerili spremembo kota optičnih osi 
od jedra proti ovoju; vrednosti 2 Vx so se spreminja le pri p rvem zrnu od 
24° do 36,5°, pri drugem pa od 17,5° do 28,5°. Na drugih zrnih se je 
neposredno izmerjen kot optičnih osi 2 Vx spreminja l od 14° do 40°, po-
vprečje znaša 26,7° (merjenih 35 zrn). Ravnina optičnih osi je pravokotna 
na ploskev (010), k a r dokazuje n iže tempera turno obliko sanidina in 



počasno h l a j e n j e tu f ske mase. Variacij i kota optičnih osi ustreza do 62°/o 
albita in anort i ta , glede n a povprečni kot 2 V* pa je 23 °/o t e komponente 
v seri j i sanidin-anortoklaz kr iptopert i t ( D e e r , H o w i e , Z u s s m a n , 
1963, 58). 

V belih različkih nas topajo predvsem vtrošniki ortoklaza. V nekater ih 
različno obarvanih vzorcih opazujemo posamezna zrna s prehodi sanidina 
v ortoklaz, pr i t em je del zrna, ki p r ipada ortoklazu, kalen. Na si. 4 tega 
kar lovarskega dvojčka pr ipada n a t emnem zrnu svetlejši del ortoklazu, 
temnejš i sanidinu; na svetlem zrnu dvojčka pa je obratno. 

Vtrošniki ortoklaza so idiomorfni in hipidiomorfni , včasih nalomljeni, 
le redko magmat sko korodirani . Povečini so poedinci, r edke je dvojčični, 
zraščeni po kar lovarskem, manebaškem in tudi bavenskem zakonu. Vedno 
so rahlo kalni. Neposredno mer j en kot optičnih osi 2 Vx var i i ra od 52° 
do 72° in znaša povprečno 61,5° (mer jeno na 12 zrnih). Območje vred-
nosti kota optičnih osi ustreza ortoklaz kr ip toper t i tu z 22 do 43 °/o albita 
in anort i ta , povprečna vrednost kota optičnih osi pa ustreza 33 °/o te kom-
ponente ( D e e r , H o w i e , Z u s s m a n , 1963, 58). 

Za ignimbri tne t u f e nad rudonosnim apnencem je značilno, da so 
sestavljeni v g lavnem iz kristalov in drobcev plovca [vzorci št. 514 (dva 
različka), 515, 516 (dva različka) in 1116 (št ir je različki); si. 5a, 5b, 6a, 
6 b in 7]. Relat ivna količina obeh komponent se zelo spreminja . Vzorec 
pravega kristalastega t u f a kaže si. 8; takšni tu f i so n a območju Pod-
l jube l ja redki . Velika nehomogenost t eh vzorcev j e v idna že megaskopsko. 
Litoidni f r agment i sami lahko tudi vsebuje jo posamezne man j še vtrošnike. 
Deli, k j e r opazujemo v zbrusku na j f ine jš i vulkanski pepel, so pogosto še 
skora j izotropni (si. 6b). Kristali mla jš ih ignimbri tnih tufov pr ipada jo 
sekundarnemu albitu, ki je zelo neenoten (si. 5 b in 6b). P rvo tna oblika 
kristalov pa j e ohran jena ; zrna so h ip id iomorfna in pogosto magmatsko 
korodirana. V rdečkast ih različkih so plagioklazi rahlo limonitizirani. 
Pogosto so kalcificirani in sericitizirani. V zrnih, mer j en ih po metodi 
Fedorova, znaša količina anort i ta n e k a j procentov, redko do 10 °/o an, 
v enem samem zrnu pa 20 °/o an. Ko t optičnih osi 2 Vx, m e r j e n nepo-
sredno, var i i ra od 84® do 88°, povprečni kot optičnih osi je 87,7® (merjenih 
9 zrn). Pr i meri tvi ene same optične osi pa vari i ra kot 2 Vx od 84° do 92° 
in znaša povprečno 89° (merjenih 15 zrn). Glede na povprečni kot optič-
n ih osi ustreza sestava plagioklaza nizko t empera tu rnemu oligoklazu 
s 16 °/o an ( D e e r , H o w i e , Z u s s m a n , 1963, 134). Na f r agment ih 
plovca in ob zrnih plagioklaza kamenin tega horizonta opazujemo po-
gosto zelo lepe plastične deformacije . P r a v tako so ohranjeni lepi steklasti 
f r agment i z aksiolitno s t ruk tu ro in s sledovi s in t ran ja (si. 6 a in 7). 
Fragment i plovca so pogosto žarkovito kristalizirani. Redki f r agment i 
kažejo tudi koncentr ične zunan je robove okrog radialno kristal iziranih 
sferuli tov (si. 5 b in 6b). Zanimivi so f r agment i plovca s scefranimi robovi, 
ki so nastal i ob eksplozijah plinskih mehurčkov in so zelo lepo ohra-
n jen i (si. 7) ter le delno deformirani . Posamezni večji litoidni in m a j h n i 
steklasti f r agment i nekater ih vzorcev so močno kalcificirani. 

Značilni vtrošnik, zastopan skora j v vsakem vzorcu s posameznimi 
luskami, je biotit . Pogosto je svež, včasih pa limonitiziran. Luske svežega 



biotita kažejo pleohroizem svetlo zelene do temno r jave, skora j črne 
barve. Včasih so le r j avo pleohroične. Luske so navadno nalomljene. Za-
nimivi so redki, a lepi pojavi magmatske korozije tudi na t em kristalu 
(si. 9). Zelenkaste rogovače, ki po l i tera turnih podatkih nastopa v mag-
matskih kameninah Podl jubel ja (B e r c e , 1954), v naših vzorcih nismo 
našli. Isto velja za vtrošnik k remena (si. 8). 

Pregledani vzorci imajo psevdofluidalno (si. 2 in 2b, 5 a in 5b, 6 a 
in 6b . 7), in eutaksitsko (si. l a in b) s t rukturo, poudar jeno s subpara-
lelno ali paralelno orientacijo litoidnih f ragmentov in vtrošnikov. Ta 
s t ruk tura ignimbri tnih tufov je tem bolj izrazita, čim večje so bile obte-
žitve med konsolidacijo kamenine. Steklasti drobci so pod velikimi pr i-
tiski izgubili svoje značilne konkavne oblike in so zelo sploščeni. Opazu-
jemo različne s topnje plastičnih defomacij ; nedeformirani drobci so redki 
(si. l a in 7). Tuj i f ragment i , naknadno vključeni v tufsko maso, niso 
plastično deformirani . 

Pregledani vzorci p r ipada jo ignimbri tnemu t u f u biotitnega por f i r ja 
oziroma t rahi ta . Kamenine mlajš ih izbruhov, nad rudonosnim apnencem, 
so albitizirane in preds tavl ja jo ignimbri tni tuf biotitnega kera tof i r ja . 

Vtrošniki vulkanske kamenine lahko da jo nepravilno indikacijo o 
n jen i sestavi. Zato smo en vzorec tudi kemično analizirali. Ker beli različki 
vsebuje jo delno spremenjene plagioklaze, smo za analizo izbrali rdeč 
različek s svežimi vtrošniki sanidina. Povprečni neposredno mer jen i kot 
optičnih osi 2 Vx sanidina tega vzorca, mer j en na 9 zrnih, je 26,9°. Po-
da tk i kemične analize se sk lada jo z opazovanji pod mikroskopom. 
V 1. tabeli je podana kemična analiza, preračunana na CIPW formulo 
in na Nigglijeve parametre . Nigglijevi paramet r i nam povedo, da pr ipada 
analizirana kamenina kalijevi (mediteranski) provinci, na tančneje leuko-
sieni tskemu-grani tskemu rapakiwi tskemu t ipu magme in je salična, kisla, 
bogata z alkal i jami in siromašna s c ( B u r r i , 1959). Vzorec spada med 
redke različke t r iadnih vulkanskih kamenin pri nas, ker je zelo bogat 
s kal i jem in skora j ne vsebuje na t r i j a in kalcija. 

Kamenine, ki smo j ih določili kot ignimbri tne tu fe biotitnega por-
f i r j a in bioti tnega kera tof i r ja , je B e r c e imenoval kremenov porf i r i t 
in pripomnil, da kemične analize govore bolj za kremenov keratofir . Našel 
ga je samo v werfenskih plasteh in ga je imel za produkt wengenskega 
vulkanizma (B e r c e , 1954). 

Ob vulkanskih eksplozijah na območju Podl jubel ja so drobci padali 
delno tudi v morje . Tam so se relativno hi t ro ohladili in pomešali z več-
jimi količinami drugega sedimentacijskega materiala. Taka kamenina 
lahko nakazuje, kako daleč je prišel pepel ob določenem vulkanskem 
izbruhu. V teh vzorcih ne opazujemo s t ruktur , značilnih za ignimbri tne 
tufe. Pregledali smo en sam tak različek (vz. 701), sestavljen pretežno 
iz steklastih drobcev značilnih konkavnih oblik, k i pa vsebuje tudi 
rekristalizirane, s klori tom zapolnjene mikrofosile. Na steklastih f r a g m e n -
t ih smo opazovali sicer določeno orientacijo, vendar kot posledico sedi-
mentacije. 



Povzetek 

V okolici Pod l jube l j a smo ugotovil i i gn imbr i tne tu fe . N a h a j a j o se 
pod r u d o n o s n i m apnencem in n a d n j i m v plasteh, ki so j ih do seda j 
ka r t i r a l i ko t w e r f e n s k e in anizične. Značilnost i ign imbr i tn ih t u fov so 
v n e k a t e r i h vzorcih lepo ohran jene , v d rug ih pa za rad i dev i t r i f ikac i j e 
zabr isane. Ign imbr i tn i t u f i pod rudonosn im apnencem so oh ran j en i sveži 
in v sebu j e jo v t rošn ike n i že t empera tu rnega sanid ina in ortoklaza, n a d 
rudonosn im apnencem pa so včas ih še delno steklast i , albi t izirani , ka l -
ci f ic i rani in serici t izirani . Kemično anal iz i ran vzorec p r ipada ign imbr i t -
n e m u t u f u b io t i tnega po r f i r j a . 

IGNIMBRITNI T U F B I O T I T N E G A P O R F I R J A — IGNIMBRITE T U F F 
O F BIOTITE P O R P H Y R Y 

1 173 b/11 474 
1. tabela Table 1 

a) Kemična analiza 
Chemical analysis 

Si0 2 70,72 71,17 
TiOa 0,17 0,17 
A12OS 13,24 13,32 
Fe 20 3 1,87 1,88 
FeO 0,63 0,64 
MgO 0,94 0,95 
CaO 0,30 0,30 
Na 2 0 0,70 0,71 
KtO 10,40 10,46 
P2O5 0,07 0,07 
H20+ 0,37 — 

HoO- 0,21 — 

C0 2 0,07 0,07 
S 0,26 0,26 

Vsota 
Total 99,95 100,00 

b) Normativni mineralni sestav 
CIPW norms 

c) Nigglijevi parametri 
The N i ggli-p ara meters 

al 41,46 
fm 18,04 
c 1,58 
alk 38,92 
si 378 
k 0,9 
mg 0,42 

Analiziral: 
Analyzed by: 

M. Treppo, Metalurški inštitut, Ljubl jana 

q 25,44 
c 0,82 
or 61,72 
ab 6,29 
hyMg 

2,4 
mt 0,70 
hm 1,44 
il 0,31 
ap 0,31 
cc 0,2 
pr 0,48 

100,11 

Sal 16,14 Fem 16,14 

Q 0,37 F 0,37 

K 2 0 ' + Na2Q' 
CaO' 

KžO' 
NasO' 

Formula CIPW 

9,25 

1,4,1,1 



IGNIMBRITE TUFFS AT PODLJUBELJ (SLOVENIA) 

Abstract . In the region of Podl jubel j in Karavanke mountains by 
petrographical analyses ignimbri te tu f fs in two distinct horizons mapped 
up to now as Werfenian and Anisian were determined. The ignimbri te 
tu f f s laying under the mineralized limestone generally are red or whi te 
in colour, and characterized by phenocrysts of low-sanidine and or tho-
clase. The ignimbri te tu f f s occuring over the mineralized limestone are 
of green and gray colour too, but never distinctly white, of ten composed 
essentially of crystals and pumice f ragments . Phenocrysts are albitized, 
samples in the whole ra the r altered. The ignimbri te tu f fs characteristics 
in some samples of both horizons a re good conserved, in others due to 
devitrif ication obliterated. The chemically analyzed sample belongs to 
biot i te-porphyry ignimbri te tuff . 

Introduction 

In the year 1965 the near vicinity of Podl jubel j was mapped geologi-
cally by S. B u s s e r , S. D o z e t , and J . C a j h e n . Examining the 
s t ra ta considered as Werfenian and Anisian, they paid especially a t ten-
tion on rock outcrops, which were determined by geologists as quar tz 
porphyri te . Variegated samples of those outcrops occuring under and 
over the mineralized limestone were petrographically examined, while 
tuff intercalations in Wengenian sediments, which follow in the section, 
are not closely determined. 

The mineralization wi th c innabar a t Podl jubel j has been considered 
to be of Wengenian age. If the s t rat i f icat ion of t he geological sequence 
of s t ra ta in Werfenian, Anisian and Wengenian is correct, the mi-
neralization is of Werfenian age. But for this conclusion the s t ra t igraphi-
cal sequence is to be proved again paleontologically. 

G e r m o v š e k for the f i rs t t ime (1955, 17) wrote about Werfenian 
sediments like tuffs, Z o r e (1955, 29), supposed the sedimentation of 
products of Werfenian volcanism, while K a h 1 e r (1959, 146) stated tu f f s 
in the beds of Scytian stage in the region of Ljubel j pass. 

Petrographic characteristics of ignimbri te tu f f s a t Podl jubel j 

Ignimbri te tu f f s petrographically analyzed occur in two distinct 
horizons varying in colour and in composition. For ignimbrite tu f f s 
overlain by the mineralized limestone red and whi te colour are charac-
teristic, while the tu f f s underlain by the mineralized limestone are of 
green and g ray colour too, but never distinctly white. Owing to dif ferent 
colour shades especially in red samples, w e see o f ten megascopically t ha t 
ignimbri te tu f f s are composed of f ragments of di f ferent size, varying 
f r o m one milimeter to some centimeters, thereby, grading over into 
breccias. 

The ignimbri te tu f f s overlain by mineralized limestone are charac-
terized by phenocrysts of low-sanidine, which sometimes passes over into 



orthoclase. But phenocrysts and ma t r ix Qf ignimbri te tu f f s occurring over 
the mineralized l imestone are altered. Plagioclase phenocrysts belong to 
secondary low-albite and are of ten calcitized and sericitized. In our 
labora tory collection there a re also some samples f rom the upper horizon 
collected by B e r c e (1954), which contain low-sanidine phenocrysts too. 
In t u f f s of lower horizon phenocrysts of alkali felspar are scarce (to 
15 °/o), whi le plagioclases in younger ones sometimes prevail. 

F rom the lower horizon lying under the mineralized l imestone nine 
samples were analyzed (No. 701, 1173 four varieties, 1216, 1259, 1381, 
1454). The original s t ructures have been in a great ex tent destroyed. But 
t he characteristics indicating the origin of rocks are distinct, especially 
on limonitized samples, observed under the microscope wi th parallel 
polars. Glass shards a re sometimes highly deformed (Fig. l a and l b ) . 
Pumice f r agment s are compressed or r a the r f la t tened showing develop-
ment of spheruli tes wi th radial aggregates. Some larger volcanic f r ag -
ments, probably alien material , showing distinct lamination, and some-
t imes including small al tered phenocrysts of plagioclase, have not been 
deformed a t all (Fig. 9). Similar f r agment s a re found in the ignimbri te 
t u f f s overlying t he mineralized l imestone too. 

The mat r ix is composed of glass shards (Fig. 1 and 2 a) and finest 
volcanic dust . Seldom circular glass-bubble walls, only slightly f la t tened 
a re preserved (Fig. l a ) . The devitr if icated glass products are too f ine 
grained to be identif iable under the microscope. Axiolitic s t ructure of 
shards is of ten developed (Fig. l a and l b ) . The refract ion index of the 
ma t r ix is higher to sanidine phenocrysts and lower to Canada balsam 
Only one sample (No. 1454) is very silicified, and even its sanidine pheno-
crysts are sometimes replaced wi th f ine grained quar tz and albite (Fig. 3). 
The magnet i te and hemat i te microlites in the matr ix , as well as in the 
lithic f r a g m e n t s give t he r ed colour of samples. Di f fe ren t concentrat ion 
ot i ron oxides makes possible megascopic distinction of tuff components. 
The ma t r ix of green specimens contains microlites, and seldom f ine 
chlorite scales. 

In red ignimbri te t u f f s sanidine cryptoperthi te wi th vitreous luster 
occurs (Fig. l a and l b , 2a and 2b). Felspar phenocrysts are generally 
subhedral , some edges are i r regular or f rac tured, some are rounded or 
i r regular ly embayed. Twinning is seldom absent, principal observed twin 
laws are Carlsbad, Baveno (left and right), and Manebach (Fig. l a and 
lb ) . Directly determined values of 2 Vx f o r 35 sanidine phenocrysts are 
ranging f r o m 14° to 40®, averaging 26,7°. The average optic axial angle 
corresponds in composition to sanidine cryptoper thi te wi th 23 °/o of 
albi te-anorthi te ( D e e r , H o w i e , Z u s s m a n , 1963, 58). In two 
slightly zoned sanidine phenocrysts the var ia t ion of the optic axial angles 
f r o m the core to the r im has been determined. In the f i rs t gra in the 2 V x 
ranges f rom 24° to 36,5°, in t he second grain it ranges f r o m 17,5° to 28,5°. 
The optic axial plane is always normal to t he plain (010). This orientat ion 
is characteristic fo r low-sanidine. 

Phenocrysts of alkali fe lspar in samples of whi te colour belong to 
orthoclase and a re of ten ra the r tu rb id due to alteration, caused by 



development of kaolinite and sericite. In some samples of d i f ferent colour, 
there are crystals of sanidine passing to orthoclase as shown in Fig. 4. 
In the dark individual of this Carlsbad twin the l ighter par t belongs to 
orthoclase and the darker one to sanidine. In the l ighter individual the 
relation is opposite. 

Orthoclase phenocrysts are euhedral or subhedral , sometimes f rac-
tured, rarely rounded or embayed. Twinning, not always present, is on 
the Carlsbad, Manebach, seldom Baveno laws. The range of directly 
measured optic axial angles 2 Vx in twelve orthoclase grains changes 
f r o m 52° to 72°, averaging 61,5* 

The ignimbri te tu f f s occurring over the mineralized limestone are 
of ten composed essentially of crystals and pumice f ragments [samples 
No 514 (two varieties), 515, 516 (two varieties and 1116 (two varieties); 
Fig. 5 a, 5 b, 6 a, 6 b, and 7]. Relative proportion of both com-
ponents varies even in individual sections of the same sample. 
A crystal tuff is shown in Fig. 8, but such samples in the region of 
Podl jubel j are scarce. Matr ix composed of glass shards and finest vol-
canic dust is often preserved glassy (Fig. 6 b). Felspar phenocrysts of the 
upper ignimbrit ic horizon are characterized by albitization. The pr imary 
crystal shapes are preserved: they are subhedral , and often embayed and 
rounded. Albite is generally par t ly or completly replaced by calcite and 
sericite. In red coloured varieties albite shows slight turbidi ty due to 
limonitization. Twinning on albi te law is general ly present. The 
Fedorow-Nikit in method gives the anorthi te content of some per cent, 
seldom about 10 °/o. The range of directly measured optic axial angles 
2 Vx in nine grains changes f r o m 84° to 88°, averaging 87,7°. The optic 
axial angle corresponds to low-temperature oligoclase. Pumice f ragments 
and the ma t r ix around the phenocrysts of ten show plasticity, molding 
and distortion. Highly f lat tened and unf la t tened characteristically shaped 
shards, sometimes welded (Fig. 6 a and 7), wi th axiolitic structure, are 
observable. 

The pumice s t ructure of larger pumice f ragments is because of 
devitrification eliminated or hardly preserved. Some pumice f ragments 
show development of spheruli tes wi th radial aggregates and one concentric 
outer r im (Fig. 5 b and 6 b). Two pumice f r agment s with characteristic 
r ims showing remnan t s of exploded vesicle walls a re shown in Fig. 7. 
Pumice f ragments alone are devitrified. Some of them are calcitized. 

Characterist ic phenocryst, present in nearly every section with single 
f l ake is biotite. It is of ten unal tered showing pleochroism f rom light 
green to very dark brown colour, but is of ten limonitized too. I ts f lakes 
are usually broken. Interest ing are ra re deeply embayed phenocrysts of 
bioti te (Fig. 9). 

Examined samples have for ignimbri te tu f f s characteristic pseudo-
f luidal (Fig. 2 a and 2 b, 5 a and 5 b, 6 a and 6 b, and 7) and eutaxit ic 
t ex ture (Fig. l a and l b ) , stressed wi th subparallel or parallel orientation 
of lithic f r agment s and phenocrysts. 



SI. 1 a in l b , vz. 1 173 b/11 747, n ikola 
|| in + , 35X, Tomdnčev graben. Rdeč 
ign imbr i tn i tuf z eu taks i t sko teks tu-
ro. M a g m a t s k o korodi ran v t rošn ik 
sanidina, delno razpočen m e h u r č e k 

z aks io l i tno s t ruk tu ro 

Fig. l a a n d 1 b, sam. 1173 b/11 747, 
polars || a n d + , 35X, Tominčev gra-
ben. Red ign imbr i t e tuff w i t h 
eutaxi t ic t ex tu re . Resorbed pheno-
cryst of sanidine, axioli t ic s t ruc tu re 

in a par t ly b roken bubb le 



SI. 2 a in 2b , vz. 1 173 b/11 747, nikola |! in + , 35X, Tominčev 
graben. Rdeč ign imbr i tn i tuf. Id iomorfen in magmat sko 
korodi ran v t rošn ik sanidina. ki je rah lo conaren. Devi t r i f i -
c i r ana osnova iz zelo d robnega vu lkanskega pepela in ste-

klast ih drobcev 
Fig. 2 a and 2b, sam. 1173 b/11 747, polars and + , 35X, 
Tominčev graben. Red ign imbr i t e tuff . In the middle of the 
f igure a sharp ly euhedra l i r regular ly embayed slightly zoned 
san id ine phenocryst . The devi t r i f ied ma t r ix is composed of 

glass shards a n d volcanic dust 



SI. 3, vz. 1 454/11 748, nikola + , 35X, Tominčev graben. Rdeč 
ign imbr i tn i tuf, devi t r i f ic i ran , s i l i f ic i ran; plagioklaz, nado-

meščen s k r e m e n o m in lamel icami kislega plagioklaza 
Fig. 3, sam. 1 454/11 748, polars + , 35X, Tominčev graben. 
Red ign imbr i t e tuff , devi t r i f ied, r a t h e r silicified. The euhe-
dral fe l spar replaced wi th f ine gra ined qua r t z a n d sodic 

plagioclase 

SI. 4, vz. 1 454/11 748, nikola + , 35X, Tominčev graben. Rdeč 
ignimbr i tn i tuf s psevdof lu ida lno teksturo. Sanidinov vtroš-
n ik p r e h a j a v ortoklaz. Drobnozrna ta devi t r i f ic i rana osnova 
Fig. 4, sam. 1 454/11 748, polars + , 35X, Tominčev graben. 
Red ign imbr i t e tuff w i th pseudo-f lu ida l t ex ture . Sha rp ly 
euhedra l san id ine phenocryst , passing to orthoclase. In the 
f ine gra ined devi t r i f ied m a t r i x all s t ruc tures a r e obl i tera ted 



SI. 5 a in 5b, vz. 1 116c/12 185, n ikola ]l in + , 85X, Drmalka . 
Rdeč ign imbr i tn i tuf . Sferu l i t i v f r a g m e n t u plovca. Dva 
velika, delno ka lc i f i c i rana v t rošn ika a lbi ta . V osnovi veči-

n o m a š ibka kompres i j a 
Fig. 5 a and 5b, sam. 1116 c/12 185, polars || a n d + , 85X, 
Drmalka . Red ign imbr i t e tuff . T h e pumice f r a g m e n t is 
showing deve lopment of spherul i tes . T w o la rge pa r t ly cal-
citized phenocrys ts of albite. In the m a t r i x slight compression 

and distort ion 



SI. 6 a in 6b, vz. 1 116c/12 185, n ikola || in + , 35X, Drmalka . 
Rdeč ign imbr i tn i tuf z v i t roklas t ično s t ruk turo , Vtrošniki 
a lb i t iz i ranega plagioklaza, vel ik s sferul i t i kr is ta l iz i ran 
f r a g m e n t plovca. Na razl ičnih mest ih razl ično de fo rmi r an i in 

s in t ran i drobci s tekla 
Fig. 6 a a n d 6b, sam. 1 116 c/12 185, polars || and + , 35X, 
Drmalka . Red ign imbr i t e tuff w i th vi t roclast ic s t ruc ture . 
Phenocrys ts of a lbi t ized plagioclase, a l a rge pumice f r agmen t , 
showing deve lopment of spherul i tes . Shards thorough welded 

and d i f fe ren t ly compressed and dis torted 



SI. 7, vz. 1116 c/12 185, n iko la l|, 85X, D r m a l k a . Rdeč i gn im-
br i tn i tuf . D v a f r a g m e n t a p lovca z znač i ln imi s c e f r a n i m i 
robovi , n a s t a l i m i ob eksp loz i j ah p l in sk ih m e h u r č k o v . S t e -
k las t i f r a g m e n t i o snove so s in t ran i , d e f o r m a c i j e niso n a j b o l j 

m o č n e 
Fig. 7, sam. 1 116 c/12 185, po l a r s ||, 85X, D r m a l k a . Red ign im-
b r i t e t u f f . T w o p u m i c e f r a g m e n t s w i t h cha rac t e r i s t i c r i m s 
s h o w i n g r e m a n e n t j u n c t i o n s of e x p l o d e d vesicles wal ls . 
M a t r i x is composed of r ec rys ta l l i zed w e l d e d s h a r d s and glass 

dus t . Compres s ion s l ight ly e x p r e s s e d 
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SI. 8 a in 8b , vz. 1 883/9, nikola || in + , 35X, Potočnikov 
graben. Rdeč kr i s ta las t tuf. Kris ta l i a lb i t iz i ranega plagio 

klaza, z rno k r e m e n a 
Fig. 8 a a n d 8b, sam. 1 883/9, polars || and + , 35X, Potočni-
kov graben. Red crystal tuff . Crystals belong to albit ized 

plagioclase, a single gra in of q u a r t z 



SI. 9. vz. 1 116 bi/12—189, n i k o l a + , 35 X, D r m a l k a . Z e l e n k a s t 
i g n i m b r i t n i tu f , s e s t a v l j e n iz p lovčev ih f r a g m e n t o v t e r v t r o š -
n i k o v a l b i t i z i r a n e g a in k a l c i f i c i r a n e g a p lag iok laza . V i d i m o 
tud i v t r o š n i k m a g m a t s k o k o r o d i r a n e g a b io t i ta . Osnova j e 
s e s t a v l j e n a iz s t ek las t ih f r a g m e n t o v in v u l k a n s k e g a p r a h u , 

ki so de lno k r i s t a l i z i r an i in ka l c i f i c i r an i 

Fig. 9, s am. 1 116bi/12 189, po la r s + , 35X, D r m a l k a , G r e e n i s h 
i g n i m b r i t e t u f f , composed of p u m i c e f r a g m e n t s a n d a l b i t e 
phenocrys t s . In t h e m i d d l e of t h e f i g u r e an e m b a y e d bio t i te 
g ra in . M a t r i x s h a r d s a n d dus t p a r t l y dev i t r i f i ed and calci t ized 
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According to t h e pe t rograph ic descr ipt ion t h e discussed specimens 
belong to b io t i t e -po rphyry ign imbr i t e tuff or t r achy t i c ign imbr i t e tu f f . 
Younger ones, w h e n albit ized be long to b io t i t e -ke ra tophyre ign imbr i t e 
t u f f . 

Because phonocrys t s of a volcanic rock m a y g ive a n incor rec t indica-
t ion of i ts chemical composit ion, a red specimen w i t h una l t e red sanidine 
phenocrys t s h a s been analyzed. The da ta of chemical analyses a r e in 
ag reemen t w i t h pe t rographica l observat ion, and a re given in t ab le 1. 
The Niggli p a r a m e t e r s a re showing potass ium province, leucosyenit ic-
grani t ic r apak iwi t i c m a g m a type, wh ich is salic, acid, r ich in alkal ies and 
scarce in c (B u r r i , 1959). The analyzed sample has among Triassic 
volcanic rocks in Slovenia an except ional composit ion, be ing r ich in 
po tass ium and scarce in sod ium and calcium. 

Rock de te rmined n o w as b io t i t e -po rphyry ign imbr i t e tuff and biot i te 
k e r a t o p h y r e ign imbr i t e t u f f , considered B e r c e (1954) as q u a r t z po r -
p h y r i t e no t ing a l ready, t he chemical analyses correspond b e t t e r to qua r t z 
ke ra tophyre . He f o u n d these m a g m a t i c rocks only in W e r f e n i a n s t r a ta 
consider ing t h e m to b e of Wengen ian age. 

A b o u t t h e mean ing of t h e t e r m " ign imbr i t e " d i f f e ren t a u t h o r s h a v e 
no t been in agreement . Confus ion resul ts f r o m d i f f e ren t appl icat ion of 
t h e t e r m ignimbri te . Volcanologists use it fo r a special k ind of erupt ion , 
whi le geologists f o r special deposi t ion or g roup of rocks, some even f o r 
a special k ind of rock. I t we re possible to discard t h e t e r m ignimbri te . 
B u t owing to i ts ex t ended use, w e h a v e to except it. I t is suggested t o 
use th i s t e r m for pe t rograph ica l de t e rmina t ions in t h e ad jec t ive f o r m 
only. The t e r m " ignimbr i t ic rhyo l i t e" has a pe t rographica l meaning , whi le 
the t e r m "rhyol i t ic ign imbr i t e" has a volcanologic mean ing ( V l o d a v e c , 
1964). " Ign imbr i t i c e rup t i on" r ep re sen t s a special k ind of volcanic e r u p -
t ion n a m e d "nuee a rden te" , resu l t ing in t h e f o r m of a sheet, g iving in 
the section d i f f e r e n t rocks: volcanic ash, (nonwelded) t u f f , pa r t ly welded 
tu f f , we lded tu f f , a n d a loose pumice deposit ion w i t h g rea t porosi ty, 
each of t h e m showing special s t ruc tures . Ign imbr i t ic deposi t ions h a v e to 
be pe t rographica l ly specified in addit ion, i. e. rhyol i te ign imbr i t e tu f f . 
In th i s m a n n e r t h e au tho r used t h e t e r m of such a k ind of tu f f s . 
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A D O L A G O L D P L A C E R S A N D NICKEL-CHROMIUM ORE D E P O S I T S 
Danilo Jelene 

With 17 photographs, 2 sketch maps, and 9 tables 

In t roduc t ion 

The go ld-bear ing a r e a of Adola is located in a t r i ang le bounded by 
t h e t o w n s of Neghel l i , Dilla, a n d Yave l lo i n S i d a m o P rov ince (Ethiopia), 
and it is s i tua ted b e t w e e n t h e a l t i tudes of 1000 and 2000 meters . The 
Adola dis t r ic t is a p a r t of D a w a a n d Gana l e r ivers d ra inage system. The 
t e r r i t o ry be tween the A w a t a a n d M o r m o r a r ivers has been t h e most 
worked , a l though a f e w areas on the le f t b a n k of the A w a t a r ive r a n d 
on the r igh t b a n k of t h e M o r m o r a r iver , as wel l as a t Dawa , D a w a 
Cursu , U j ima , a n d Af l a t a r ivers , a r e par t i a l ly worked . 

The Adola gold-bear ing area , whose center is t h e t own K e b r e Mengis t 
(before Adola), is s i tua ted 470 k m south of A d d i s Ababa . T h e road passes 
t h r o u g h Modjo, Adami tu l lu , Shashemene , a n d Wondo towns, and it is an 
a l l -wea the r road. F r o m K e b r e Mengist , t h e road ex tends fo r about 
720 k m t o t h e sou theas t t h r o u g h Neghel l i a n d Somal i l a n d To Mogadishu. 
Th i r ty k i lometers of t h e road to Neghel l i a r e b a d ; t h e road t h e n become 
bet ter , a n d f r o m Neghell i to Mogadishu it is good a n d passable t h r o u g -
hou t t h e year . The road leaves Dollo, t h e las t t o w n in Ethiopia , and 
cont inues to t h e bo rde r be tween Somal ia and Ethiopia. Thus , t h e min ing 
a r e a is connected w i t h t h r e e por t s : Dj ibou t i t h r o u g h Addis A b a b a by 
ra i l road, Mogadishu t h r o u g h Somalia , a n d Assab t h r o u g h Addis A b a b a 
by road. 

T h e sou the rn p a r t of t h e gold-bear ing a rea is covered pa r t l y by 
savanna land, and t h e n o r t h e r n p a r t of it by forest . The c l imate of t h e 
a rea n o w be ing explored is ve ry good. Day t e m p e r a t u r e s ave rage abou t 
30° C, whi le n ight t e m p e r a t u r e s a re usual ly low. 

The n icke l -chromium ore deposi ts a r e s i tua ted along p r e - C a m b r i a n 
schists in a l ignment s t r ik ing NNE—SSW. T h e wes t e rn a l ignment s t r ikes 
t h r o u g h Tulla a n d Ula Ulu mounta ins , a n d t h e eas te rn a l ignment t h r o u g h 
Budussa , Kent icha and Dubicha moun ta ins . 

The n icke l -chromium ore deposi ts h a v e been discovered 1959, most 
of t h e m dur ing t h e sys temat ic geological mapping , a l though t h e g reen 
ga rn ie r i t e s ta ining rock of t he K a j i m i t i a rea has long been k n o w n to t h e 
local inhabi tan ts . 

Maps of t he a rea ava i lab le inc lude o n e on a scale of 1 : 750 000 m a d e 
by I tal ians, a n d a n o t h e r one of 1 : 1 000 000 m a d e by Br i t i sh e x p e r t s a n d 



intended mainly for f l ight purposes. In 1952 an aerial survey was carr ied 
out by the Ethiopian Air Force at the request of the Ministry of Mines. 
This surface covers about 5000 sq. km. Unfor tunately , it remained in the 
f o r m of photo-mosaic, and it was never t ransfer red into a contour map. 
The aerophotographs have been the main basis for geological mapping, 
photogeological interpretat ion, topography of the area, and geological 
mapping. 

F rom J u n e 16—July 16, 1956, a m a p of the area between the Wollabo 
Dam-Awata pump station and Dembi valley was made by the author 's 
prospecting group. It indicates water drainage system and roads on a 
scale of 1:5000 for the area being exploited a t tha t time. The survey 
was based on sax t r iangulat ion points and a net of polygons. All 
important al t i tudes were already leveled. 

Geology of the area 

The oldest rocks, the proper basement, of the region are gneiss, 
actinolite schist and mica schist for which the name Gari Boro series is 
proposed. In the nor thern par t of the area, the gneiss is intersected 
by m a n y pegmatite, aplite, and quar tz veins; in the south near the 
junct ions of the Aflata , Uj ima, and Dawa rivers, the gneiss is mostly 
intersected by pegmati te veins. The grey gneiss grading into mica schist 
occurs in the fo rm of an elongated block str iking north-south. 

The pegmatite, aplite, and quar tz veins are essentially younger than 
the gneiss. Their origin is assumed to be due to a recrystallization process 
in tectonic lines. 

Occuring in slight disconformity wi th highly crystallized Gari Boro 
series, The Adola series is composed of following rocks: 

1. Amphibole schist 
2. Conglomerate and sandstone 
3. Chlorite-talc-tremolite schist 
4. Serpentini te 
5. Graphi t ic quartzi te and white quartzi te 
6. Phyllit ic slate 
7. Sericite schist. 

The minera l composition of amphibole rocks varies widely (Figs 1, 
2, 3). The f i rs t type comprises hornblende, quartz, and plagioclases, and 
it belongs to plagioclase amphibolite; it occurs near Chembi in the 
Ganale r iver drainage area. 

Another association, found fu r t he r south near Bedakessa, is com-
posed of quartz, zoisite, hornblende and epidote and belongs to zoisite-
amphibole schist ( H i n t e r l e c h n e r , 1956) (Fig. 1). The most common 
rock of the area is the amphiboli te f rom Gayo composed of hornblende 
in a ma t r ix of salic minerals (Fig. 3). 

Conglomerate and sandstone are widely developed, and they strike 
nor th-south following a line westward f r o m Shakisso. On both sides of 



this alignment other schist types of the Adola series have been indicated. 
The alignment predominates in this part of the country, as it is more 
resistant to erosion than other schists of the Adola series. These rocks 
form lenses in chlorite and talc schists, building the ridge between Demi 
Danissa and Kajimiti valley. The conglomerate is composed of quartz and 
feldspar in a zoisite epidote matiix. The sandstone contains quartz, bio-
tite, and shlorite. 

Fig. 1. Zois i te-amphibole schist 
(quartz, zoisite, hornblende , epidote), 
X 35. Bedakessa, Adola distr ict . De-

t e rmina t ion A. Hin te r l echner 

Fig. 2. Amph ibo l e schist, X 35. Bore 
basin, u p p e r terrace . De te rmina t ion 

D. Je lene 

Fig. 3. Amphibo l i t e (grains of horn-
b lende in g roundmass of salic 
minerals) X 35. Gayo Camp. Deter -

mina t ion A. Hin te r l echner 



Chlorite-talc-tremolite schist forms the next zone of Ula Ulo and 
farther south in the Ujima area. The rock is composed of an association 
of talc, chlorite, and tremolite. The size of mineral grains is less than 
0,1 mm. Magnetite is accessory only; its crystals range in size from 0,03 
to 20 mm. A parallel structure of bands of chlorite and talc could be 
observed. The rock is a product of the regional metamorphism of the 
sediments. 

Some specimens reflect the transition between amphibole schist and 
chlorite schist. Tremolite could usually be observed as a constituent of 

Fig. 4. Se rpen t in i t e (serpentine, talc, 
magnesi te , accessory magneti te) , 
X 35. Ka j imi t i bore hole I, Adola 

distr ict . Determina t ion D. Je lene 

Fig. 5. Serpen t in i te (the idioblastic 
minera l gra ins belong to magnesite) . 
X 35. Ula-Ulo, Adola distr ict . Deter-

mina t ion D. Je lene 

this rock type, and the zone has therefore been called the zone of 
chlorite-talc-tremolite schist. 

The next zone belongs to rock types composed of peridotite, and 
serpentinite (Figs 4 and 5). 

Finally, the above-described rocks contain intercalations of graphitic 
quartzite and white quartzite. They occur near Budussa mountain in 
Gudba valley and other places. The quartzite of Gudba valley is composed 
of quartz grains and muscovite. 



These rocks occur as isolated dikes in amphibole and chlorite schists. 
The conglomerate, composed of a zoisite epidote ma t r ix and gneiss 
pebbles u p to 5 cm long and 1,5 cm wide derived f r o m the gneiss of the 
Gar i Boro series. Their position in conformity wi th the Adola series, 
forming a par t of it, as well as the pebbles of Gar i Boro gneiss included 
in them, prove the conglomerate to be younger t han the Gar i Boro series. 

The less metamorphosed rocks compared wi th all other above descri-
bed rocks belonging to pre-Cambr ian occuring within Adola series are 
besides t he conglomerate, sandstone, phyllitic slate, graphit ic schist, se-
ricite schist, and graphi t ic quartzi te . 

Phyllit ic slate, graphit ic schist, and graphit ic quartzi te occur in the 
fo rmer Imper ia l Highway Author i ty q u a r r y nea r Kebre Mengist, graphit ic 
schist and graphi t ic quar tz i te could be observed on the road between 
Kebre Mengist-Neghelli some kilometers f r o m Kebre Mengist and near 
Adadicoto a i r field some kilometers f r o m Shakisso village. Sericite schist 
was found near Shakisso village on t he n e w road Shakisso — Kebre 
Meng i s t 

A series of conglomerate in disconformity, thus younger t han the 
above-mentioned Adola series, has probably covered larger areas, bu t is 
mostly eroded. Only par t ia l r emnan t s have been preserved in the lower 
par t of the Uj ima r iver near its confluence wi th the Dawa r iver and in 
the Anfa ra r a area off the Shashemene-Kebre Mengist main road. Their 
age could not b e determined bu t they most probably belong to Cenozoic. 

Basic and acid rocks in t ruded into the metamorphosed sediments 
could be found near Shakisso between t he Awata and Mormora rivers. 
At Laga Dembi, according to D o o r n i n c k (1950), the following rocks 
have been found: diorite, gabbro, pyroxenite, and peridotite. Peridoti te 
rocks were found also at Kenticha, Monissa, Dubicha and Lolotu 
mountains . 

Near Kojowa r iver an diopside peridoti te outcrop has been indicated. 
Another specimen, containing olivine remnants , has been observed near 
Ula-Ulo. 

It is supposed tha t the above-mentioned zones of serpentini te are 
metamorphosed ultrabasic rocks. This m a y also be confirmed by nickel 
and chromium contained in those rocks. However, the chlorite-talc-
t remoli te schist represents t he fo rmer sediments metamorphosed by 
regional metamorphism. 

The amphiboli tes also represent products of regional metamorphism 
of sediments. At the Upper Falls of Mormora r iver has been indicated 
an intrusion of grey grani t ic rock, characterized by the presence of 
biotite. This intrusion zone has been followed nor thward , whe re t he same 
intrusive body occurs west of the road near Anfa ra ra . The Imperial 
Highway Author i ty has used this grani te for road construction, so an 
abandoned q u a r r y is to b e observed a t t he spot. Southwards, in the gorge 
of the Uj ima river, another grani te outcrop occurs. The n a m e Sawana 
grani te is proposed for this grani te occurrence, as it was f i rs t known 
near t he Sawana valley, a l e f t t r ibu ta ry of the Mormora r iver near 



the Upper Falls (Fig. 6). Pegmatite, aplite, and quartz veins occur in 
granite. The granite specimens are very similar in their mineral com-
position, but vary widely regarding the grain size. Feldspars belong 
to microcline, anorthoclase, and rarely orthoclase. A spectrographical 
analysis of this granite has shown the presence of Mn, Pb, Sn, Cr, V, 
and Zn*, and traces of Ba, Sr, and Ni. 

Fig. 6. S a w a n a g ran i t e (microcline, 
quar tz , microcl ine perthite) , X 35. 
Uj ima, Adola distr ict . De te rmina -

tion D. Je lene 

As the granite is overlain by Jurassic sediments, it is assumed to be 
older than Jurassic. This has also been proved by age determinations 
by the radiogenic method**. The basis for determination has been 
biotite, and the results obtained are given in table I. 

Tab le I 

THE AGE DETERMINATION OF S A W A N A GRANITE 

Local i ty K % Radiogenic. Age, mill ions 
40 Ar. of years Color 

Upper Fal ls a t Mormora r iver 4,98 0,2013 p p m 495 ± 20 Grey 
U j i m a gorge nea r Dawa r ive r 5,07 0,1990 p p m 482 ± 20 P ink 

Bearing in mind the experimental errors, there is no significant 
difference between these two results. They are within the usual 400—650 
million years range, which is a characteristic of all micas so far dated 
from basement rocks along the eastern side of Africa as well as those 
from Aden, Somalia, and Egypt. The age of biotite is an indication of 
the last change imposed on the rock, which cannot be younger than the 
biotite itself. 

* The spec t rographica l analysis was m a d e by A. K a n d a r e in Geološki 
zavod (Geological Survey) in L j u b l j a n a . 

** T h e age de te rmina t ion was m a d e by Overseas Geological Survey labora-
tories, London. 



The above ment ioned age, which ranges f r o m 482 ( ± 20) to 495 ( ± 20) 
mill ion years , cor responds t o t h e per iod of t h e la te C a m b r i a n or ea r ly 
Ordovician. Thus , t h e age of S a w a n a g r an i t e is p r e -Cambr i an , t ak ing in to 
considerat ion only t h e last cycle of m e t a m o r p h i s m indicated by t h e 
bioti te . T h e age is no t Mesozoic, as h a s been assumed by some authors . 

Gold P lacers 

The d is t r ibu t ion of go ld-bear ing placers has proved t h a t t h e p r i m a r y 
deposit ex tends genera l ly f r o m south to n o r t h a long t h e s t r ike of t he 
basement rocks. 

The degree of gold content depends on the fol lowing character is t ics 
of t h e geological e n v i r o n m e n t : 

1. T h e Adola series is, as a rule , t h e bedrock of t h e commercia l ly 
i m p o r t a n t placers. 

2. The gold content is p ropor t iona te to t h e percen tage of amphibol f 
schist in gravel . 

3. T h e gold content is p ropor t iona te to t h e size of t he gravel . Gold-
bea r ing placers occur usual ly in t h e a reas w h e r e t h e bedrock is composed 
of ch lo r i t e - t a l o t r emo l i t e schist ma in ly a l te red to a t y p e of greenish 
yel lowish clay. Select ive erosion caused depressions in chlor i te- ta lc-
t remol i te schist a n d elevat ions in conglomerate , amphibole schist, and 
serpent in i te . In addi t ion, t h e sof t ta lc-chlor i te- t remol i te schist has been 
a n excel lent t r a p f o r gold nuggets , g ra ins and specks. 

This d i s t r ibu t ion of t he gold along t h e no r th - sou th t r end ing val leys 
wh ich intersect t h e ta lc-chlor i te- t remol i te schist, conglomerate , q u a r t z 
veins, and amphibo le schist, r ende r s possible t h e conclusion t h a t t h e 
gold or iginates f r o m these rocks. The qua r t z veins and pegmat i t e s ge-
net ical ly connected w i t h S a w a n a grani te , diori te, or o ther basic rocks 
in t ruded in the Adola series m a y be ano the r possible source of gold 
mineral iza t ion. 

The fo l lowing a r g u m e n t s exist f o r t h e t heo ry t ha t t h e gold is as -
sociated w i t h amphibole schist and chlor i te- ta lc- t remol i te schist. 

1. Gold has been indicated in inclusions of qua r t z in amphibo le 
schist of Gayo walley.* 

2. Gold d is t r ibu t ion show no de tec table re la t ion to t h e grani t ic in -
trusions. 

3. T h e gene ra l d i s t r ibu t ion of gold en t i re ly fo l lows t h e no r th - sou th 
s t r ike of t h e ta lc-chlor i te- t remol i te schist a n d amphibo le schist. 

The gold m i g h t be der ived f r o m conglomera te w i t h wh ich t h e gold 
could be syngenet ical ly associated. This exp lana t ion is however not 
feas ib le f o r t h e t ime be ing as the gold w a s not f o u n d in conglomerate . 

As t h e gold w a s f o u n d only in t h e qua r t z inclusions of amphibol i te , 
t h e explana t ion m i g h t b e correct, t h a t t he gold or iginates f r o m this 

* Chemical analysis was carried out by A. Kandare in Geološki zavod 
(Geological Survey) in Ljubl jana in the year 1956. 



quartz. The quar tz inclusions in amphiboli te seem to represent the product 
of lateral secretion. It is supposed tha t dur ing the same secretion gold 
was concentrated in these quar tz inclusions. 

The existence of conglomerate and quartzi te in less metamorphosed 
Adola series and recrystallized quar tz deposits in high crystallized Gari 
Boro series might be the second proof for the gradual metamorphism of 
psammit ic and pelitic layers essentially composed of quar tz grains. Only 
smaller bodies in the Adola series are found completely recrystallized in 
fo rm of quar tz inclusions. However, the higher stage of metamorphism 
of Gar i Boro series leads to a complete recrystallization. 

The other possible derivation of the gold-bearing quar tz in Adola 
series f rom the granitic, dioritic or other intrusive rocks seems to be 
less probable as the placers gold distribution follows the metasediments 
of Adola series and as quar tz as possible gold source represents isolated 
lenses and inclusions in the Adola series. The association of gold placers 
over large areas with Adola series could be explained due to the angular 
appearance of gold and therefore its short t ransportat ion distance only 
by syngenetic process and lateral (metamorphic) secretion of quar tz and 
ore minerals. 

According to some authors (K o s s m a t), the amphibole schist re-
presents a product of different iat ion of an initially granitic-dioritic magma 
separated into dioritic and grani t ic portions, as suggested for the Sokota 
Island grani te-amphibol i te succession. The essentially older amphibole 
schist (compared wi th granite) does not permit this conclusion for the 
Adola area, where an extrusive origine of a par t of amphibolites is 
assumed. 

The same conclusion could be d rawn for Bedakessa, Shanka, Hidi 
Dimma, Wollena, and Laga Dembi areas, where similar geological con-
ditions have been found. 

Economic deposits of gold occur in placers of the second erosion 
cycle. Detailed investigations have been carried out in Upper Bore basin 
to f ind out the relationship between the p r imary rocks and the dis tr ibu-
tion of the gold placers. The corresponding geological cross section indicate 
tha t the richest deposits follow the areas composed of the chlorite-talc-
tremoli te schist associated with amphibole schist. Alluvial deposits have 
been found only in those valleys where the rocks of these groups occur. 

The oldest erosion cycle could be recognized in the remnants of the 
fo rmer r ivers of the Shakisso, Reji, Megado, and Sillu saddles. The 
following erosion cycle comprises fo rmer r ivers wi th relatively large 
placers forming meanders of which only a par t of the extension is proved 
by prospecting. The f u r t h e r lowering of the erosion basis created con-
ditions for the thi rd erosion cycle, which is represented by the present 
erosion systems of the Mormora, Awata, Dawa and other rivers. 

The discovery of the economic gold placers was possible since in 
a port ion of the placers, owing to the activity of the thi rd cycle, the 
overburden has been removed completely (at the Dawa Cursu placer), 
or par t ly (at the Bore basin placers). The deposits became thus 



economically m o r e interesting, a s t h e overburden w a s th inned con-
siderably or even completely removed. 

The thickness of the overburden varies between 1 and 20 meters 
depending on the distance of placers f r o m the recent local base level 
of erosion. Generally the placers near r iver systems have a th in over-
burden, provided tha t t he creeks carry surface water , and in areas 
whe re t he placers lack moving surface wate r and are f a r f rom the 
present rivers, the overburden is thick. Another influence has been t he 
s t ructura l movements, which have changed the course of t he placers, 
as well as moved par t s of the placers of the second erosion cycle. This 
is reflected in t he s t range fo rms of the creecks, which sometimes have 
a length of only 1—2 k m and a wid th 0,1—0,5 km, making diff icult the 
identif ication of t he fo rmer drainage system. The study of s t ructura l 
movements and geomorphology has cleared up some of t he problems in 
Bore basin; however, f u r t h e r s tudy should elucidate t he palaeogeography 
of the r iver drainage system of the second cycle. 

The age of the f i rs t and second erosion cycles could not be established, 
al though the th i rd cycle is certainly younger t han the Ri f t valley vol-
canism. The essentialy older age of the second and f i rs t cycles is supported 
by the following da ta : 

1. Basalt and volcanic glass gravels have been found only in r ivers 
of the th i rd erosion cycle, i. e., the Awata , Dawa, and Mormora. However, 
t he gold placers of the second erosion cycle do not contain f r agmen t s of 
volcanic rocks. 

2. The placers of the second cycle a re of ten disturbed by movements 
which could be assumed to be associated with the youngest Ri f t valley 
s t ructura l movements . 

The post-volcanic age of the second erosion cycle is supported by 
explanat ion t ha t the absence of the gravel originated of volcanic rocks 
could be explained by a shor ter r iver bed which did not reach volcanics. 
The absence of volcanic rocks in placers of t he second erosion cycle 
might indicate the older age of these placers, part icular ly as they are 
found in abundan t quanti t ies in the Awata , Mormora, and Dawa rivers, 
so in the youngest erosion cycle. 

The gold placers associated wi th the above-mentioned basement rocks 
occur in the area of t he wel l-known basis of the Ethiopian and Somali 
plateau. They are si tuated in the wes tern pa r t of the Somali plateau, which 
is bounded by the Ri f t walley in the northwest . The depression of t he 
Rif t valley is buil t of basalt and other volcanic rocks. The gold-bearing 
area is s i tuated in similar depressions str iking northeast-southwest . 

The gravels in gold placers are composed of sterile quartz, hydro-
thermal quar tz wi th gold, quartzi te, amphibole schist, and, rarely, of 
grani te which are usual ly decomposed to clay and sand. The amount 
of gold is entirely proport ionate to the amount of amphibole schist gravel 
in the placer. 

The gold originates f r o m the quar tz inclusions occurring in amphi -
bole- and talc-chlorite-tremolite schists. 



Prospecting in the new placer areas is based on the experiences 
in the more or less known area of Adola. A study has been made to 
determine if there are analogous geological structures in other part of 
the Sidamo-Borana basement in order to find new gold placers. 
Systematic geological mapping has been carried out in order to deter-
mine favourable structures. 

B o r e B a s i n 

In the second part of 1955, prospecting and exploration was started 
in Bore basin. Bore placer, which was first explored, is located on the 
right bank of the Mormora river. It begins on the other side of Megado 
mountain at an altitude of about 1730 meters. The Bore placer stretches 
10 km downstream in the northwest-southeast direction, and then turns 
east-west. The last part again turns northeast-southwest. The whole placer 
has a length of about 36 km and an average width of 80 m. The placer 
in the first part downstream up to the old waterfall (gorge) has an 
average depth of 3m; below the waterfall its depth presumably in-
creases to over 10 m in average. 

The Bore basin is now dry and represents the bed of an old river 
drainage system which existed during the second erosion cycle foregoing 
the present erosion cycle. Bore valley in the east meets the Mormora 
river as an elevated terrace. The elevation of the junction is about 
1320 meters. The whole Bore basin covering an area of about 200 sq. km, 

Fig. 7. Gari boro gneiss wi th aplitic veins. Ujima, Adola district 



Table II 

PROSPECTING AND EXPLORATION AT THE LOWER BORE TERRACE 

Placer Line Pi t 
Average 
depth 

in meters 

Gold 
content 
g/cu. m. 

Remarks 

Tulla 
(Burri) 10 

P 
I 
G 
J 
N 
K 

11.7 

0,58 
0,12 
0 
1,19 
0,25 
0,30 

Tayisso 
(Ababido) 

The whole creek is gold-
bearing, but t he gold 
content is low 

300 

302 

Lower 
Bore 

304 

500 

5*0 

Gudba 
20 

24 
60 

M 
N 
O 
P 
Q 
R 

M 
N 
O 
P 
Q 
R 
S 

G 
H 
I 
J 
K 
L 
M 

M 

9,7 

10,5 

11.2 

11,6 

12,7 

16,6 
13,0 
2.2 

1,5 
1,5 
2,8 
3,05 
2,50 
2,10 

2,15 
1,30 
0,40 
0,40 
1,50 
2,60 
nil 

1,76 
1,50 
0,35 
0,30 
4,80 
4,85 
0,60 

0,8 
0,57 
0,30 
0,65 

0.97 

— Bedrock was not reached 
— Location at the Gudba 

0,102 gorge 



is bui l t by u p p e r a n d lower te r races divided by amphibol i te . The 
a l t e rna t ing s t r eams of the Upper Bore placer a re t h e K a j i m i t i a n d Demi 
Danissa placers, which a re p robab ly older t h a n the Lower Bore placer. 
There a re also some smal ler f eede r placers ad jo in ing the U p p e r Bore 
placer. Para l le l to the Upper Bore placer is t h e G a g a m a placer. G u d b a 
valley is also f o r m e d of two terraces . The basis of t h e u p p e r t e r r ace a t 
one of i ts ends is bui l t by Gar i Boro gneiss (Fig. 7), a n d it is found to 
be steri le in i ts lower par t . The placers jo in ing the Bore are Tayisso 
(Ababido), Tul la (Burri) , and some smal ler placers in the Daba area. 
To summar ize , gold placers have been indicated in the fol lowing areas : 

U p p e r Ter race includes: 

1. U p p e r Bore placer 
2. Smal le r f eeder placers 

of Upper Bore 
3. G a g a m a placer 
4. Demi Danissa placer 
5. Ka j imi t i placer. 

Lower Ter race includes: 

1. Tulla (Burri) placer 
2. Tayisso (Ababido) placer 
3. Lower Bore placer 
4. Smal le r feeder placers. 

P rev ious prospect ing and explora t ion gave the fol lowing successful 
resul ts in var ious a reas of t h e Upper Bore t e r race : 

K a j i m i t i placer is about 8 k m long, and it contains gold-bear ing 
grave ls along t h e whole length. The end of the placer toward the Bore 
basin wa te r shed is pa r t i cu la r ly r ich in gold. 

Demi Danissa placer wi th its two ma in a f f luen t placers has a gold 
content along t h e whole length. 

G a g a m a placer has been proved as gold-bear ing in a length of 2,5 km. 
M a n y feeder placers a re fo rmed in no rma l posit ion to t h e ma in 

Bore placer, w h e r e gold reserves have been proved sui table for h a n d w o r k 
operat ion. 

T h e resul ts of prospect ing and explora t ion w o r k s in var ious placers 
of t h e Lower Bore t e r race a re shown in Table II. 

Table III 
PROSPECTING AND EXPLORATION OF BORE BASIN TILL THE END 

OF SEPTEMBER 1962 

Location Number 
of lines 

Number 
of pits 

Upper Basin 
Bore placer 
Gagama placers 
Demi Danissa placer 
Kajimiti placer 
Lower Basin 
Tulla (Burri) placer 
Tayisso (Ababido) placer 
Gudba placer 
Other placers 

249 
29 

105 
44 

33 (planned) 
8 

30 (planned) 
60 (planned) 

1149 
210 
372 
864 

132 (planned) 
38 

240 (planned) 
360 (planned) 



T h e r ichest p lacers a r e located along u p p e r Bore valley, w h e r e t h e 
gold occurs cont inuously. The d i s t r ibu t ion of gold in Kaj imi t i , Demi 
Danissa , and G a g a m a val ley is d i f f e r en t as t h e gold occurs in m a n y 
pays t r eaks which a r e no t cont inuous, b u t l imi ted to cer ta in areas . 

Lower Mormora Basin 

M o r m o r a m e a n d e r s n e a r L o w e r B o r e 

P lacer examina t ions we re m a d e by the Na tomas Co. (1956) f r o m J u l y 
27 to October 15, 1956, in connect ion w i t h geological f ield w o r k being 
car r ied ou t by a jo in t prospect ing t e a m m a d e u p of personnel r epresen t ing 
Goldf ie ld Consolidated Mines Co., N e w m o n t Explora t ion , Ltd., and 
Na tomas . 

The p r i m a r y t a rge t in t h e explora t ion a rea w a s a m e a n d e r a rea 
occupying a n a r r o w f l a t val ley along t h e M o r m o r a r iver 60 k m air 
d i s tance south of K e b r e Mengist . The a rea w a s believed to b e physical ly 
su i tab le f o r d redge prospect ing. 

In M a y 1956, t h r ee sha f t s we re dug and 0,03, 0,09, and 0,06 g/cu. m 
of gold w e r e indica ted (Table IV). 

T h e deposit would be a potent ia l source of gold if p roper prospect ing 
by dr i l l ing w e r e t o b e carr ied out. 

Table IV 

EXPLORATION IN MORMORA MEANDER 

Shaft 
no. 

Bedrock 
depth 

in meters 

Overburden 
thickness 
in meters 

Gravel 
thickness 
in meters 

Gold 
Gravel 
g/cu. m 

content 
Top to 
bottom 
g/cu: m 

1 7,1 6,3 0,8 0,25 0,03 
2 7,7 7,1 0,6 1,10 0,09 
3 6,6 6,3 0,3 1,55 0,06 

The o v e r b u r d e n is stiff r ed clay conta in ing f i n e sand locally. The 
g rave l bed is composed of loose q u a r t z sand w i t h we l l - rounded pebbles 
u p to 70 m m in size m i x e d wi th pebb les of amph ibo l e schist a n d o t h e r 
m e t a m o r p h i c basemen t rocks. The bedrock is sof t micaceous schist. 

Lower M o r m o r a basin is located ma in ly on gneiss and mica schist 
of t he h igh crys ta l l ine Gar i Boro series, and it is in f luenced by t h e 
younges t erosion cycle. Thus, t h e possibil i ty of f ind ing commercia l gold 
placer deposits is ve ry slight. Only t h e m e a n d e r s of t he M o r m o r a r iver 
indica te some gold con ten t wh ich p r o b a b l y or ig ina tes in t h e e roded 
por t ions of Bore bas in and in t h e Adola series of t h e Budussa a l ignment . 

Lower M o r m o r a bas in could be considered as su i table f o r t h e gold 
placer along t h e Budussa ta lc-chlor i te- t remol i te a l ignment w i t h se rpen-
t in i te a n d amphibol i te . 



Upper Mormora Basin 

The basin, located in t h e Adola series, is i n t ruded by S a w a n a g ran i t e 
n e a r U p p e r Fal ls of Mormora r iver . M a n y placers belonging to th is basin 
have been exploi ted by h a n d w o r k e r s as t hey a re located n e a r the Mor -
mora r iver f o r w a t e r supply. The ma in placers a re Laga Gesho, Sawana , 
Hiddi Dimma, a n d o ther placers, all l e f t h a n d side a f f luen t s of t h e 
M o r m o r a r iver . 

Feede r placers of t h e M o r m o r a r iver include Laga Dembi, Reji , 
Wollena, Lago Gesho, Laga Adunia , Hidd i Ddmma, a n d Alona placers. 

Wollena placer is 11 k m long, and has been pa r t ly exploi ted by 
handworke r s . The placer is n o w be ing prospected, and it has been found 
to be commercia l ly interes t ing. 

Rej i and Laga Dembi placers toge ther h a v e a length of 16 km. These 
creeks h a v e been a l r eady exploi ted by handwork . 

Sys temat ic prospect ing h a s indicated gold reserves in t h e placers 
la rge enough to j u s t i fy dredging. 

Upper M o r m o r a basin is located in a s imilar geological s t ruc tu re 
as t h e Bore basin, b u t in t h e younges t erosion cycle. 

Table V 

PROSPECTING AND EXPLORATION OF THE UPPER MORMORA BASIN 

Location Number of Number of 
lines pits 

Feeder placers 111 (planned) 666 (planned) 
Mormora river 50 (planned) 50 (planned) 
Wollena placer 24 220 
Reji placer 48 288 
Laga Dembi placer 166 341 

Shakisso Basin 

Kalacha placer is 10 k m long. Dri l l ing carr ied out some years ago 
did not indicate a t t r ac t ive results . E f fo r t s a r e now being m a d e to f ind 
the even tua l connect ion be tween S h a n k a placer a n d Kalacha placer. 

Ka lacha placer according to A s t r u p (1948) is a horseshoe-shaped, 
fa i r ly b road t h a t occurs a t t h e foot of t he low hills w h e r e Shakisso and 
Wodo vil lages a re s i tua ted . The ent i re length migh t be about 9,5 k m 
including only the lower p a r t f r o m the A w a t a junct ion and Shakisso. 
The u p p e r p a r t of t h e placer is called Laga Gora. The uppe r and lower 
ends of t h e placer a re covered wi th th ick fores t , b u t t h e cent ra l pa r t 
of some 4 k m is fa i r ly f r e e f r o m t rees and the re fo re su i table fo r min ing 
operat ions. This is w h e r e dr i l l ing opera t ions we re carr ied out in 1948. 

T h e w i d t h of t h e placer is, on the average, 150 m, b u t it becomes 
n a r r o w e r t o w a r d s t h e u p p e r and lower ends. The Kalacha placer has 
only two pr incipal f eeder placers 3 k m apar t . One comes down f r o m the 
m o u n t a i n s nea r Laga Rej i and the o ther f r o m the air f ie ld a t Adadikot to . 



Fig. 8. P r o s p e c t i n g fo r gold in Adola d i s t r i c t 

Prospecting by pits in these valleys allegedly yielded traces of gold. The 
upper end of the Kalacha valley continues through a narrov gold field. 
The length of the prospected area was 3650 m (the distance between the 
prospecting lines A and E). The drilling showed 162 000 cu. m. of gravel 
with 50 kg gold reserves. Line E near Shakisso has been found to be the 
richest one. 

Shanka-Wollabo placer is about 23 km long. One hundred forty-seven 
pits have already been dug to prove the presence of gold in upper and 
lower Shanka creek with favourable results. Dredging vas introduced in 
1956 and is still in operation. 

T a b l e VI 

P R O S P E C T I N G A N D E X P L O R A T I O N O F T H E S H A K I S S O B A S I N 

Loca t ion N u m b e r of N u m b e r of 
l ines p i t s 

K a l a c h a c reek 20 80 
S h a n k a - W o l l a b o c r e e k 46 421 
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Bedakessa placer explorat ions wi th drilling equipment have been 
carried out in lower Bedakessa valley. F i f ty-one bore holes were made, 
th ree lines by two "Banca" hand drills. Ground wa te r was met at about 
3,5 m below the surface. The direction of the lines was 24® northeast 
and t he distance between bore holes 25 m. The explorat ions started in 
February 1956. The results of drilling show an average tenor of gold 
of 0,7 g/cu. m. 

The basin is built by t he same type of rocks as the Bore basin. 
A gneiss al ignment belonging to the Adola series dominates t he basin 
f r o m Shakisso to the Reji area. Other rocks occurring in t he basin a re 
amphibole- und talc-chlorite-tremolite schists of the Adola series wi th 
intrusive rocks as pyroxenite, diorite, and serpentinite. 

The basin belongs to the second erosion cycle. Many commercially 
impor tan t gold placers have been found in this basin, which has been 
also the main supplier of the gold in t he past f r o m manua l operations 
as well as f r o m the fo rmer mechanized project at Bedakessa and the 
present mechanized project a t Shanka placer. 

Dawa Basin 

The discovery of the Dawa-Cursu gold-bearing area not only made 
possible to increase gold exploitation in the years 1958—1959, bu t also 
increased the possibility of f inding gold in southern areas. To prove the 
reserves in these areas, it is necessary to carry out a systematic prospect-
ing program. 

The longest valley is Gambela, which is 22 k m long. I t is s i tuated 
on Gar i Boro series, and the content of gold found there dur ing recon-
naissance prospecting is discouraging. 

The Dawa river alluvial deposit near junction of the Cursu and the 
Dawa r ivers was found to be very rich. The area is located geologically 
in the Adola series, and it is par t icular ly rich in amphibole schist. About 
9,5 k m f r o m the Cursu junct ion at Dawa is the junction of a 10 k m long 
valley which seems to be located in Adola series. All the above-mentioned 
placers belong to the youngest erosion cycle. 

Aflata Basin 

The main creek of the Af la ta basin, which is si tuated southwest of 
the Dawa basin, is about 100 k m long. This s t ream has been found to 
be gold-bearing, and manua l operations have taken place in t he area 
(Fig. 9). The basin is located in Adola series, and i t belongs to t he 
youngest erosion cycle. 

Ujima Basin 

A similar erosion basin wi th a relatively large surface is developed 
south of the Af la ta basin. The length of the ma in placer, including feeder 
placers, amounts to 47 k m taking into consideration only the area included 



in the existing aerial photographs. Only a small part of this drainage 
basin (that belonging to the Adola series) has been found to be gold-
bearing. However, in the portion of the placer located on gneiss no gold 
has been found. 

Fig. 9. Hand panning for gold in Af la ta placer. Adola district 

M a k a n i s s a B a s i n 

The Makanissa basin is situated as a peneplained area belonging 
to the second erosion cycle between the Awata and Mormora rivers east 
of Ula-Ulo mountain. Large valleys were formed during this erosion 
cycle. Prospecting for gold in this area started in 1963. The basin is 
built up of talc-chlorite-tremolite schist on the boundary with gneiss. 



L o w e r A w a t a Bas in 

The Awata river flows in its lower course (before its junction with 
the Mormora) on gneiss. Gold placers have not been reported from this 
area. The area belongs to the youngest erosion cycle. 

K o j o w a Kive r Bas in 

The Kojowa river is flowing in the course included in available 
topographical base on gneiss. Commercial deposits have not been reported 
from this area belonging to the youngest erosion cycle. 

P l a c e r M i n i n g 

Past methods (Jelene, 1956) of working in this area include 
mainly (about 6/7 of the production) the digging of a large number of 
pits by handwork (Fig. 10). After the pit reaches bedrock, gold-bearing 
gravel is excavated in all directions as much as the primitive means 
permit. The distance between the pits is about 5—10 meters. The gold-
bearing gravels are handed up from the pits and are carried for washing 
to the nearest small rivers or water basins which are dug on the surface. 
Water is transported to the washing basins from the nearest river by 

Fig. 10. Hand panning for gold in Dawa placer. Adola district 



Fig. 11. Clear ing operat ion for t ransmiss ion l ine of Shanka gold operat ion 
in forest a rea in Adola dis t r ic t 

trucks or by workers. Some short canals were also constructed to supply 
water to working places in the valleys wherever convenient. 

Dredge-dragline equipment was first installed in Bedakessa creek 
and later in Shanka creek (Figs. 12, 13, 14). This equipment has a washing 
capacity of 90 cu. m gravel per hour. 

A water-supply system was built to supply water to the dredge and 
for ground sluicing in Bedakessa, as well as in neighboring valleys. An 
earthen dam was also built at Wolabo to accumulate water. The dam has 
a capacity of about 30.000 cu. m. From Wolabo dam, the water is conveyed 
to another reservoir located some 10 m above the upper Bedakessa valley. 

The output of the gold by handwork operations decreased from 
initial 7395 kg during the 1944-48 period to 5299 kg during the following 
1948-1952 period, and to 3023,3 kg during the 1952-56 period mainly 
due to the exhaustion of gold placers in the affluents of the Awata and 
the left bank of the Mormora river, as these placers are situated near 
water suitable for the handwork. The placers situated far from water 
have remained out of operation as the exploitation of those placers 
required larger investments for water supply and therefore for prospect-
ing and exploration to find out the reserves. In order to prevent a further 
decrease in gold output, mechanization has been planned for the Shanka 
and Bore basin placers. These projects are based on proved reserves of 



Fig 12. New power p lan t 500 kW for Shanka gold dragl ine-dredge operat ion 

gold, which have been increased from 2000 kg in 1958 to about 11 000 k. 
in 1963. These reserves represent a sound basis for further mine develop-
ment and gold output, which has already increased owing to the disco-
very of Dawa Cursu placer and the introduction of a mechanized project 
at Shanka. Both projects are based on dragline stripping of the over-
burden of the gold placers, and on dragline dredging of gravel. 

A further increase in the gold output is expected with reconstruction 
of the Shanka and Bore projects. Two pover stations have been built 
to supply these two projects with power. One Diesel power station of 
500 k W is supplying the Shanka mechanization project. A second 1500 kW 
water power station is under construction at the Mormora river 
(Figs. 15 a, b). It will supply power to the Bore basin placers mechaniza-
tion projects. 

At the Shanka placer, the mechanization project represents merely 
a reconstruction project with the main aim of increasing the gold 
output. The text below describes the main features of the Bore mining 
project. 



Fig. 13. Mechaniza t ion projec t Shanka . T w o dragl ines of the Dragl ine-dredging 
operat ion. Adola dis t r ic t 

Fig. 14. Mechaniza t ion pro jec t Shanka . Washing p lan t fo r gold of the Dragl ine-
dredge operat ion. Adola dis t r ic t 



B o r e P l ace r P r o j e c t 

It has been proved (Jelene, 1956) that the handwork method of 
mining is not profitable from a national economic point of view. Therefore 
mechanization of work and treatment is needed. The large investment 
could only decrease the cost and increase profits and the repayment of 
invested capital. 

An additional motive for the mechanization of projects is stabili-
zation of production. The gold production from manual labor in the 

Fig. 15. Construction of the power 
plant 1500 kW at Mormora r iver 
for Bore Dragl ine-dredge operation 



last ten years has varied f r o m 1662 to 310 kg annually. A constant 
production is possible only if it is based on reserves which would assure 
a more or less constant ou tpu t fo r many years in advance. Certainty 
as to proved reserves of gold is the only way of making the investment 
possible and enabling the repayment of capital on equipment and 
machinery. 

The renewed effor ts at surveying in 1959 and at prospecting in 1960 
were some of the most impor tant prerequisi tes for start ing the Bore 
placer project . 

Intensif ied work has been started 1959 to p repare all requi rements 
and preparat ions for the mechanization project started. The main fea tures 
of the work were : 

1. Surveying and prospecting in 1959-1961. 
2. The approval of the investment program of 1959, which included 

a power station, workshop, mining equipment , wa te r supply, and mining 
camp and subsequent elaboration of Bore placer project . 

3. Selection of electricity as the source of power and the s tar t ing 
of the constructing for a power plant and pumping station workshop 
in 1962 and 1963 respectively. 

The above-mentioned basic data enabled the s tar t ing of the placer 
project, which was completed dur ing the second par t of 1960 and in 
the f i rs t pa r t of 1961. 

The a rea in which the traces of gold occur covers abou t 10 000 sq. km 
while the drainage basin of the Upper Bore, on which the project is based, 
covers a surface of only about 100 sq. km. 

The present project represents the f i rs t a t tempt to exploit the virgin 
gold gravel wi thout foregoing handwork operation on the basis of proved 
gold reserves. Observations of wa te r losses f rom the exploration pits 
organized by the author have made possible an est imate of leakage dur ing 
exploitation as the dredging has been selected f rom among many al ter-
nat ives as the cheapest one. 

In order to determine the upper limit of possible losses of wa te r 
f rom the pond, K 1 e i n d i e n s t (1960) considered the specific discharge 
of pit No. 28/K wi th a 7 cm decrease in wa te r level dur ing 10 minutes 
of observation a f t e r get t ing the stabilization of wa te r losses to 
0,0136 lit./min. X sq. cm. 

Applying the results of the above exper iment to the actual case 
of the possible leakage in the widest cross section of the exploitation 
area wi thout regard to d i f ferent conditions leads to the following resul t : 
discharge of 367,5 l i ters per minute. 

This result is based on the highest observed discharge f rom the 
pits dur ing the experiments. The m a j o r portion of the results showed only 
one-third to a m a x i m u m of one-half of the value taken into account above. 

On the basis of the results in test pits and theoretical considerations, 
it can be concluded tha t the expected leakage f rom the pond for t he 
dredging does not represent any problem, and for this reason it presents 
no hindrance to the proposed dredge project . 



Nicke l -Chromium Deposits 

The n icke l -chromium p r i m a r y deposits a r e confined in genera l to 
m a g m a of basic and u l t rabas ic provenience. Basic m a g m a which general ly 
displays p ronounced d i f fe ren t i a t ion w a s in t ruded in to the metased iments 
of Adola series, and it has split in to peridot i te , pyroxeni te , and diorite. 
The se rpent in i te which p redomina tes is der ived f r o m ul t rabas ic rocks 
of an originally per idot i t ic composit ion. Less a l tered specimens still show 
some relic cores of t he ear l ier ma f i c minerals , main ly olivine. Serpent in i te 
is composed of l izardite, a se rpen t ine- type mine ra l (B a i n e s and 
D u e s i n g , 1963).* Metamorph ic equivalents of t h e u l t rabas ic rocks and 
the i r a l te red produc ts as t hey occur in the Adola series h a v e shown 
traces of nickel and ch romium minera l s bo th in p r i m a r y and secondary 
mine ra l occurrences. 

Chromi t e is found as a n accessory mine ra l of t he serpent ini te , and 
d u e to m a g m a t i c segregat ion it seems to b e concent ra ted in lens-shaped 
bodies, whose exis tence is proved by eluvial chromite, a product of 
erosion of t he f o r m e r p r i m a r y chromi te deposit most ly nea r or on the 
sur face of t he serpent ini te . As la rge serpent in i te bodies a re found , t he r e 
exist a f a i r possibili ty of f ind ing chromi te deposits in th is t ype of rock. 
The content of ch romium in the serpent in i te amoun t s to 0,01—0,03 °/o. 

In one case a t Budussa (Fig. 16), e luvial ch romi te w a s f o u n d associ-
a ted w i t h an thophyl l i t e schist some ki lometers f r o m serpent ini te . This 
could be expla ined by pos tmagmat ic in jec t ions into in t rus ive rock 
su r round ing metasediments , or by complete erosion of serpent in i te body. 
In Dubicha G u d d a t h e chromi te w a s found as p r i m a r y const i tuent of 
serpent ini te , however , in an tophyl l i te coat ing in lenses 3 m long and 
m a x i m u m 20 cm thick s t r ik ing EW and h e r e and the re NE—SW. 

Chromi te deposits associated wi th ta lc -carbonate and ta lc schists 
a r e k n o w n f r o m South Afr ica and sou thern Rhodesia respectively. In the 
f u t u r e prospect ing bo th possibilit ies of p r i m a r y chromi te deposit shall 
be considered. 

In general , some nickel- bear ing rocks contain considerable quant i t ies 
cf su lphu r which gives r ise to nickel sulphides deposits. As the occurrences 
of S idamo do not contain su lphur , t he nickel was originally combined 
w i t h silica, a n d w h e n it congealed a rock conta in ing n icke l i fe rous sil icate 
(olivine) w a s fo rmed . Labora to ry exper imen t s show according to 
K i t a i s k y (?) tha t a mol ten mass consisting of va r ious metals , su lphur 
and silica const i tues not one, b u t two ho t liquids. These l iquids a re as 
immiscible as w a t e r and oil. When the m a g m a chamber cools, t h e molten 
su lphide mass begins to crystal l ize la ter t h a n the mol ten silicate. As the 
su lphu r did not exist in t h e u l t rabas ic and basic m a g m a of S idamo 
Province, nickel deposits a r e of silicate type. T h e r e we re no indicat ions 
of sulphidic nickel minera l s in th is province. The re fo re it is ha rd to 

* J am thankfull to Baines T. V. of International Nickel Comp. Ontario for 
friendly communication about petrographic determination made by Duesing 
C. M. in 1963. 



e x p e c t t h a t s u l p h i d i c n i c k e l m i n e r a l s wi l l b e f o u n d a s t h e s u l p h u r c o n t e n t 
w a s d e t e r m i n e d t o b e v e r y l o w (less t h a n 0,01 °/o) in t h e s e r p e n t i n i t e 
cf t h i s a r e a . T h e u l t r a b a s i c a n d b a s i c m a g m a w h i c h h a s g i v e n r i s e t o 
n i c k e l d e p o s i t s w a s t h e r e f o r e a n i c k e l i f e r o u s s i l i ca t ic m a g m a 

Fig. 16. Eluvial chromi te deposit a t Bu-
dussa. Adola dis t r ic t 

T h u s , n i c k e l is g e n e t i c a l l y p r o b a b l e a s s o c c i a t e d o r i g i n a l l y w i t h o l i v i n e 
a n d o t h e r s i l i ca tes w h o s e l a t t i c e s w e r e a l t e r e d d u r i n g t h e p r o c e s s of 
m e t a m o r p h i s m . N i c k e l c o m p o u n d s of u n k n o w n c h e m i c a l s t r u c t u r e w e r e 
f o r m e d t o g e t h e r w i t h s e r p e n t i n i t e . 



The main accessory minera l of the compact rock zone is crystalline 
magneti te, which is par t ly replaced by amorphous magneti te. The 
amorphous magnet i te is younger than the crystalline magneti te, and it 
seems to be replaced par t ly by t revori te (?), as the analysis of amorphous 
magnet i te has indicated a content of 0,96 °/o of Ni and 0,44 % of Cr. 

The magnet i te occurs in veins 2—5 m m thick as well as in the fo rm 
of gra ins dispersed in the p r imary rock, i. e. in the serpentinite. 

Serpent ini te fo rms lens-shaped and i rregular bodies of various sizes 
in t he talc-chlorite-tremolite schist. The Tulla serpentini te body is about 
800 m long and about 100 m wide on the average. The Dubicha Gudda 
and Mika serpentini tes have a total length of a few kilometers and a 
width of several hundred meters. The serpentini tes of Bur j i j i and of 
Budussa are a f ew hundred m long and about 50 m wide. The Kenticha 
serpentinite, which is composed of many bodies, indicates various sizes. 
The serpent ini te of Ula-Ulo is round wi th a d iameter of 300 m. The 
T'Allo serpent ini te is similar to a layer parallel wi th the Adola series. 

Monissa serpentini te which str ikes nor th-south is composed of three 
bodies cut by erosion of two brooks f lowing in east-west direction. The 
total length of serpent ini te is about 7000 m being 200—500 m wide. Lolotu 
serpent ini te is about 1000 m long, being about 300 m wide. Near Budussa 
there occur two serpentini te bodies Tulan Chebi being about 20 m long 
and 10 m wide and Aragessa, being composed of four separated bodies 
covering totally about 400 sq. m of surface. Chabessa serpent ini te is 
si tuated between Monissa and Dubicha Gudda serpentinites being about 
1000 m long and about 250 m wide. 

Morphologically the serpent ini te builds elevated, round, elliptical, 
or i r regular bodies which can be easily recognized in the field. The 
serpentini t ic mounta ins domina te over wide areas, i. e. Ula-Ulo extends 
over the Bore drainage basin, as do the Dubicha Gudda and Dubicha 
Mika mounta in ridges over the Kebre Mengist plane. They are mostly 
devoid of forest. 

According to the assumed pr imary content of chromium and nickel 
minerals in the serpentinite, the above areas m a y be divided into two 
groups. The f i rs t group comprises serpentini te bodies where eluvial 
chromite was not found. The second group comprises serpent ini te where 
eluvial chromite was found to be either associated wi th the serpentini te 
or near it. 

In the f i rs t g roup a r e Bur j i j i , Ula-Ulo, and Tulla. They a re bar ren 
of eluvial chromite, bu t they contain, however, small amounts of chromite 
as accessory mineral , as indicated by chemical analysis. Owing to the 
small content of nickel (0,2—0,5%), the serpentini tes have no commercial 
value as minera l deposits, as the nickel was not found in sulfidic form. 

The second group of p r imary occurrences of chromite has been 
indicated by eluvial chromite debris a t Budussa, Kenticha, Dubicha 
Gudda, Dubicha Mika, and the Wollabo area (where chromite debris 
were found, but no serpentinite). The commercial value of these deposits 
can be determined only by extensive prospecting and exploration. 
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Fig. 17. Geologic sketch map a t Tulla 

S t r o n g e r ind ica t ions of t h e e luvia l ch romi t e w e r e f o u n d a t Budussa , 
associated w i t h t a lc -ch lo r i t e - t r emol i t e schist ; smal le r ind ica t ions associated 
w i t h se rpen t in i t e , howeve r , w e r e f o u n d a t D u b i c h a G u d d a a n d T 'Allo 
va l ley . A t W o l l a b o va l ley , on ly a f e w p ieces of c h r o m i t e w e r e f o u n d . 

Nickel mine ra l i za t i on 

T h e decomposed zone h a s b e e n enr iched in n ickel in t h e a l t e red 
zone of s e r p e n t i n i t e of Tu l la , Ula-Ulo , Ke.tta, Ken t i cha , D u b i c h a G u d d a , 
D u b i c h a M i k a a n d o the r depos i t s of th i s a rea . T h e n ickel con ten t in t h e 
zone of t h e compact , f r e s h rock a m o u n t s to less t h a n 0,5 °/o and c h r o m i u m 



to abou t one "tenth of th is percentage, wh ich corresponds to the n o r m a l 
geochemical content of these meta l s in t h e f ami ly of t he u l t rabas ic rocks. 

Nickel deposi ts of Tul la , Ula-Ulo, a n d o the r s a s wel l a s t he deposits 
along t h e M o r m o r a — A w a t a wa te r shed a t Kent icha a re associated w i t h 
res idual soil of a l te red serpent ini te . Residual soil of t h e uppe r zone of 
t h e fo rma t ion is enr iched in garn ie r i t e and p robab ly in o ther nickel 
compounds. 

Tul la 

The n u m e r o u s ga rn ie r i t e veins dip 20—30° E. They fol low the f is-
sures of t h e a l te red serpent ini te , which a re paral le l to the slope of t he 
Tul la Saddle. 

Residual nickel deposit in Tul la has been dril led systematical ly. 
Table VII shows the dep th a n d Table VIII t he pet rographica l and che-
mical section of res idual soils. The s i tuat ion of t he holes dril led and pi ts 
d u g is g iven in t h e Fig. 17. 

The highest conten t of nickel fol lows t h e l ine 13 — 1 — 2 — 3 — 4 — 
24 — 7; however , t h e vo lumes do no t show commercia l quant i t ies . 

These pe t rographica l a n d chemical character is t ics indicate t ha t the 
nickel deposit is associated w i t h res idual soils. The const i tuents such 
as magnes ium salts and silica a r e washed out of t he serpent in i te . The 
decomposed superf ic ia l zone in t h e Tulla deposit has been enriched in 
var ious nickel compounds. 

Prospect ing based on t h e above chemical analysis has proved a round 
6500 tons of nickel in 583 000 tons of nickel ore wi th 1,14 % of nickel, 
considering only t h a t p a r t of t he cores of t h e bo re holes w i t h nickel 
content h igher t h a n 1 % . 

The average dep th of t he deposit was f o u n d to be 6,57 m. The deepest 
minera l iza t ion w i t h nickel content above 1 °/o is f o u n d in the bore hole 1. 

Table VII 
THE DEPTH OF RESIDUAL NICKEL DEPOSITS IN THE TULLA AREA 

AS DETERMINED BY DRILLING 

Number 
of the 
hole 

Depth of 
the hole 

m 

Depth considered 
for reserves 

m 

Residual 
soil with 

serpentinite 
m 

Serpen-
tinite 

m 

Average 
nickel 

content % 
1 79,60 18 24,70 54,90 1.14 
2 6,50 1 1,00 5,50 1,03 
3 4,00 1,2 2,20 1,80 0,92 
4 13,00 9,0 10,10 2,90 1,45 
7 6,00 5,00 6,00 — 1,14 

24 3,0 3,0 — — 1,18 
13 8,80 8,8 8,80 — 0,89 



Table VIII 
SECTION OF THE BORE HOLE Jfc 1 AT TULLA 

B ° r , nJ i th € 1 Petrographical composition Nickel 
of core content % in meters 

0,0— 0,7 Brown, argillaceous, decomposed serpentinite with white 
spots 1,58 

0,7— 1,4 Pink, decomposed serpentinite 0,98 
1.4— 3,0 Pink, sandy, decomposed serpentinite 1,80 
3,0— 3,5 Pink, argillaceous, decomposed serpentinite 1,42 
3.5— 6,5 Pink, argillaceous, decomposed serpentinite 0,84 
6,5— 8,0 The same as 3,5—6,5 1,58 
8,0— 9,5 Pink, sandy, argillaceous, decomposed serpentinite 1,58 
9,5—10,0 The same as 8—9,5 1,10 

10,0—12,5 The same as 9,5—10,0 0,70 
12.5—13,0 The same as 10,0—12,5 1,07 
13,0—13,8 The same as 12,5—13,0 1,01 
13,8—15,6 Brown, sandy, argillaceous, decomposed serpentinite 
15.6—18,0 The same as 13,8—15,6, but a t the lower portion with 

transition to compact, fresh serpentinite 0,73 
18,0—21,0 Sandy, pinkish, argillaceous, decomposed serpentinite in 

the upper part ; green spots in the lower layers of 
compact rock 0,44 

21,0—24,0 Pink, sandy, argillaceous, decomposed serpentinite 0,56 
24,0—24,7 Shaly, sandy, grey to reddish layer of decomposed ser-

pentinite 0,64 
24.7—79,6 Compact, fresh rock with yellow and green veins im-

pregnating the rock, but with intercalations of grey 
sandy layers; weak reaction to HC1. Less than 0,5 

Ula-UIo 

The n u m e r o u s gern ier i te veins occur in t h e wes t e rn slope of t h e 
Ula-Ulo hill, discovered a long the road cut in t h e slopes. T h e y d ip 30° W 
and a re most ly paral le l to t h e wes t e rn slope of t h e hill, f i l l ing f i ssures 
of t he a l tered serpent in i te . 

The Ula-Ulo zone w a s dril led in 1963 (May—December) . A b o u t 1500 m 
of shal low bo re holes w e r e spot ted. S o m e of t h e m a r e s h o w n in Tab le IX. 
Chemical analyses h a v e been carr ied out f o r each m e t e r of t h e core in 
the l abo ra to ry of t he Minis t ry of Mines. Consider ing only those por t ions 
w i t h nickel contents over 1 °/o, t h e ave rage content of th is deposit w a s 
f o u n d to b e 1,5 °/o. Tak ing in to considera t ion only t h e contents over 
0,8 °/o, t h e ave rage nickel content w a s f o u n d to b e 1,35 %>. T h e t onnage 
of nickel o re w a s about 2 000 000 tons a t t h e end of 1963. 

This deposit conta ins a n enr iched ore zone w i t h t h e highest g r a d e of 
nickel (4,53 °/o) indicated by garn ier i te . 



SOME OF THE ULA-ULO NICKEL CONTENTS 

Number of Depth of the Average nickel 
the hole hole, m content, % 

36 6,7 1,22 
59 3,0 1,27 

0/F 6,5 1,77 
0/B 9,5 1,76 
0/E 6,0 1,39 
1/B 3,3 3,70 
2yB 13,0 1,40 
2/A 11,5 1,09 
o/c 0,3 1,69 
1/A 20,4 1,95 
2'C 3,0 1,08 
3/B 6,3 1,41 
4-A 12,0 1.88 
4,B 5,0 1,77 
5/A 5,0 2,31 
5/B 10,8 1,90 
5/C 4,0 1,35 

12 9,6 0,96 
13 8,9 0,92 
14 8,8 1,45 
15 4,2 1,06 
1C 7,5 1,38 
17 5,0 1,13 
18 12,0 0,84 
19 8,3 1,43 
20 6,0 1,54 
21 2,0 1,06 
22 4,7 1,39 
23 4,0 0,93 
26 4,5 1,15 
27 8,7 1,11 
40 11,2 1,54 
41 6,6 2,23 
43 3,0 1,05 
45 2,0 1,30 
47 2,3 1,45 
62 5,0 1,12 
72 3,4 0,95 
95 5,0 1,21 
97 5,4 1,98 

Average depth 6,61 1,35 

Ki l ta 

A n o t h e r deposit of t he same type is found 2 k m to the south of 
Ula-UIo. This se rpen t in i t e also shows en r i chmen t of nickel in res idual 
soil of t he a l te ra t ion zone. 
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Dubicha Gudda and Mika 

This serpent ini te residual soil shows enr ichments of nickel. The 
prospecting in this area is carried out at present on a large scale. 

Monissa 

Monissa weathered serpentini te and subordinate lateri t ic soil wi th 
nickel contents wi thin 0,5 and 1,1 % is s i tuated in ex t reme nor th of t he 
Sidamo-Province p re -Cambr ian rocks area si tuated about 16 k m west 
of Meleka village, which is in tu rn about 35 k m f r o m Kebre Mengist 
village at the road to Addis Ababa. It could be visited also f rom Chambi 
village along the pa th about 7 k m long in nor thern direction. Chambi 
village could be reached f r o m Kebre Mengist by road constructed for 
the gold-bearing areas of Ababa r iver drainage basin. 

The nickel-bear ing area which is m o r e o-r less identical wi th t h e 
serpent in i te is about 5000 m long and 100—500 m wide. The serpent ini te 
is embedded in talc-chlorite-tremolite schist bounded mostly by gneiss. 

Lolotu 

Lolotu is located about 32 k m south-eas twards of the Adadicotu 
airfield. The nickel-bearing area is associated wi th weathered serpentini te 
and subordinate lateri t ic soil. The nickel content of samples got by pre-
l iminary prospection gave similar results as the samples collected in 
Monissa. 

Chabessa 

Chabessa serpentini te body is similar to Dubicha Gudda serpentinite 
and is s i tuated between Monissa and Dubicha Gudda about 3 k m to the 
no r th f r o m Dubicha. 

The available surface of serpent ini te is smaller t han in Monissa and 
Dubicha mountains. Its nickel content in weathered serpentini te is similar 
to tha t of Monissa. 

Tuian Chebi and Aragessa 

In ex t reme south of the serpent ini te outcrops south of Kenticha the 
nickel content in weathered serpentini te of two samples amount to 1,5 °/o. 

* 

The above described nickel ores of Sidamo have been discovered by 
nickel bloom. The rock outcrops were at tacked by meteoric water , oxidized 
by air, and decomposed by organic acid deriving f r o m the metabolic 
activity of plants and animals, a process which may be compared wi th 
t he oxydation of metals. Prolonged oxidation of nickeliferous minerals 
on the ear th surface, part icular ly at Tulla, produced nickel green, which 
could be a hydrous oxide or a hydrosilicate. The apple green t int stain 
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is in contrast against the pink-grey background of serpentinite. Par t i -
cularly at Tulla serpent ini te outcrops nickel green occurs on the surface 
of serpentini te as sinters, incrustations, coatings, also as small veins or 
ne twork of vein lets extending some distance into the serpent ini te f rom 
its surface. The typical apple green t int staining gave rise to inhabi tants 
of this region to pay at tention to the occurrence on which samples have 
been sent to the Ministry of Mines. 

Based on favourab le resul t of analysis, prospecting s tar ted in the 
year 1963 at Tulla. The f i rs t s t ructura l bore hole proved the distribution 
of nickel in the depth (Table VIII). This hole show tha t the highest con-
centrat ion of nickel was found in the depth of 1,4 m — 3,0 m with 1 ,8% 
of nickel. In the depth the content of nickel decreases up to 18 m. Small 
variat ions wi thin 0,44 and 0 ,64% have been found in content of nickel 
in deeper par ts of the core, but the content was less than 0,5 % of nickel 
below 24,7 m. The drilling proceeded u p to 79,6 m in serpentini te and 
proved tha t any concentration of nickel could be expected in the depth. 
Based on this bore hole, a large drilling program was set up and carried 
out in Tulla area, par t ly with mechanized drilling, par t ly with pitt ing 
and hand boring as the small depths requested to reach serpentinite with 
less content than 0 , 5 % of nickel vary within 3 m and 13 m. 

At Ula-Ulo and other serpentini te nickel staining was hidden until 
t he prospecting started. I t appeared along the road to the top of Ula-Ulo 
mountain which cuts the slopes of this mountain . 

It was mentioned in the pr imary nickel deposit chapter that the nickel 
compound originates f r o m the disintegration of the olivine lattice 
dur ing the process of metamorphism and concentration of nickel in the 
product of metamorphism. Serpentini te is an alteration product of 
olivine and pyroxene. The serpentinite is chemically composed of metals 
(magnesium, iron, nickel) l inked wi th silica in a definite order. Serpen-
tinite contains a very minute amount of nickel which replaces a part 
of magnesium and iron, and which is probably uniformly distributed 
throughout the mineral. I t represents the initial material f rom which 
silicate nickel ore was derived. 

In order to get the nickel deposits of higher concentration (over 1 % 
of nickel) compared with the average content of serpentini te (less than 
0,5 %) of nickel, process of weather ing must take place. 

During the process of weather ing the first element leached out was 
magnesium, followed by more magnesium together with iron and nickel. 
The last to be weathered was the silica matr ix . All these elements were 
dissolved by water , which infi l trated underlying rocks through cracks 
and pores. 

First precipitated at the very surface of the ear th was iron which 
accumulated in the upper crust between 0 m and 1 m forming a type 
of brown laterite, being loose if dry, and argillaceous if wet. A pa r t of 
the iron went fa r ther down to be deposited in the fissures of the rock 



Veins of crystalline magnet i te and amorphous magnet i te occur 
wi th in this layer. These veins usually limit the second layer and introduce 
the thi rd layer which consists of l ight par t ly weathered serpentini te of 
lower density t han f r e sh serpentini te which has not been decomposed 
into clay. A characteristic of this zone is the magnesi te occurring as whi te 
veins i n fissures, and m i n u t e grains of calcite, as this layer shows weak 
reaction of hydrochloric acid. The leached serpentini te is nickeliferous 
only at the upper par t near to the second layer where increased contents 
have been noticed compared wi th the lower par ts of the layer. Fa r the r 
down, as the above mentioned carbonates begin to appear, the amount 
of nickel decreases unt i l it reaches the unal tered serpentinite. 

The Tulla deposit represents a t ransi t ion type to the f issure type 
of nickel deposit, where the zoning is not so clearly expressed. However, 
deposits as Ula-Ulo, Dubicha Mika and Gudda belong to the clearly zoned 
types of weathered nickeliferous deposits. 

The subsequent erosion influenced the ent ire nickeliferous deposit, 
as it is composed of comparatively loose and easily erodable argillaceous 
material . Therefore, at some places (Dubicha Mika and par t ly Dubicha 
Gudda) the upper layer and a par t of second layer were eroded, as the 
serpent ini te with magnet i te veins appeared at the surface. In some places 
only the uppe r layer is eroded (part of Tulla and Ula-Ulo), as t he highest 
contents of nickel have been found at the surface or near of it. 

Af t e r weather ing of serpentini te nickel in the solution was carried 
deeper compared with iron to be precipitated in the depth of 0,7—1,3 m. 

Magnesium, however , infi l trated deeper layers of the rock, and it 
deposited a f te r iron and nickel. Therefore, f issures filled wi th magnesite 
were observed. This layer represents the root of the weather ing process. 

Silica began to dissolve only when the serpentini te was completely 
f r e e of above mentioned metals. While a par t of silica remained in situ, 
the leached par t s were gradually deposited in the pores and fissures. 

The above process gave rise to the following sedimentat ion character-
istics, which are found in all deposits prospected and explored in details 
(Tulla, Ula-Ulo, Dubicha Mika and Gudda) in more or less clear forms. 

The lateritic iron layer with t ransi t ion to ochre occurs in the upper 
pa r t of the weathered zone. This zone is mostly eroded and only partly 
preserved. The middle par t of the weathered zone is mainly composed 
of pink, sometimes sandy argillaceous material (clay) with remnants of 
original serpentinite. 

This clay is of low plasticity, it is waxl ike and greasy if touched. 
Minute inclusions of octahedra of magnet i te and probably of other spinels 
wi th traces of p la t inum could be detected in it, if the material was 
panned as at Tulla and Ula-Ulo in form of f ine black sand (clay which 
originates f rom other rocks usually does not yield black sand). By means 
of the microscopic analysis of Ula-Ulo mater ia l veins and str ingers of 
chalcedony were determined in this layer. These veins result f rom silica 
deposited in cracks by descending solutions. 



Secondary (eluvial) chromite deposits 

The largest residual deposit of chromite was found in Budussa 100 km 
south of Kebre Mengist. The serpent ini te in th is a rea occurs in t he 
environment of the chlorite-tremolite schist and antophylli te rocks (with 
asbestos) in fo rm of two bodies. Chromite boulders occur in blocks up 
to 0,5 cu. m in size. 

Trenching carried out in the year 1960-61 has proved tha t the eluvial 
chromite blocks are isolated f rom mother rock. They have been brought 
to the surface by gradual erosion of the mother rock which could be talc, 
as relics of this rock have been found associated wi th chromite boulders. 

The reserves of residual chromite amount to max imum 2000 metric 
tons. The relation between iron and chromium is very favourable and 
could be considered as a high-grade chromite in respect of its low iron 
content. As the reserves are too small, the residual deposit has no 
commercial value. 

According to B e n t o r (1963) who visited in the year 1963 the 
Budussa chromite occurrence, the chromite boulders could not have been 
t ranspor ted f rom afar , as evidenced by their very large size and by the 
fact that on the highest par t of the t rench chromite pebbles occur without 
any admixture of other materials. According to this visitor, there are 
three possibilities of the origin of the chromite blocks. The f i rs t one 
explains the boulders being formed f rom at a present eroded pr imary 
chromite deposit nea r t he present eluvial deposit. The second possibility 
assumes the boulders having rolled down f r o m the higher par t of 
Budussa mountain, w h a t seems to be remote, as a survey showed that 
nei ther rocks usually associated with chromite nor chromite occur on 
this hill. The thi rd possibility assumes the chromite blocks derived f rom 
an exposure of ul trabasic rocks occurring about 4 k m to the NNE. 

A very small number of chromite pieces occurs at Dubicha Gudda 
and Dubicha Mika; therefore, the residual chromite deposit has no 
commercial value. The same may be concluded for Wollabo Valley 
chromite occurrences. 

Genesis of nickel-chromium deposits 

Taking in consideration the above mentioned field data and la-
boratory investigation, t he chromium and nickel are derived f rom 
peridotit ic magma. The fo rming of the deposit was as follows: 

Peridotit ic magma 
Peridot i te-magmatic concentration 

(Olivine with nickel and chromite was formed) 
Metamorphism 

(Nickel went into solution and formed various compounds) 
Serpentini te 

(Concentration of nickel as well as chromite in serpentinite) 



Alte ra t ion and erosion 
(A res idual clay w i t h garn ie r i t e and o ther nickel compounds is 
f o r m e d . Eluvial ch romi te deposi ts n e a r se rpen t in i t e w e r e f o r m e d 
b y erosion of serpent ini te) . 

S u m m a r y 

To improve t h e m i n e deve lopment and increase the gold produc t ion 
in Ethiopia, in S idamo province a complex geological-mining deve lopment 
projec t is being carr ied ou t b y t h e Minis t ry of Mines of t he Imper ia l 
Eth iopian Gove rnmen t . T h e m a i n m e t h o d used w a s a sys temat ic prospect -
ing in o rde r to increase t h e gold reserves, p l ann ing of mine development , 
const ruct ion of w a t e r supply a n d p o w e r supply system, and acquis i t ion 
of n e w mining equ ipmen t . 

D u r i n g geological mapp ing me tamorphosed u l t rabas ic rocks h a v e been 
found , and a sys temat ic prospect ing and explora t ion f o r nickel and 
c h r o m i u m minera l s is actual ly carr ied out. 

T h e resu l t will be t h e increase of gold product ion by mechanized 
pro jec ts a n d t h e l imi t ing of h a n d w o r k product ion on placers unsu i t ab le 
f o r m i n e development . 
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T H E IRON A N D M A N G A N E S E ORE D E P O S I T S IN E T H I O P I A 
Milan Hamrla 
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In t roduc t ion 

Ethiopia is still one of t h e f e w Af r i can countr ies w i thou t a wel l 
act ive Publ ic Geological su rvey ( D i x e y , 1960). Accordingly, t h e mine ra l 
potent ia l of t he coun t ry is k n o w n only par t ly , a n d t h e act ivi ty in mine ra l 
explora t ion develops still on occurrences a n d deposits k n o w n for a long 
t ime ago. The prospect ion f r o m t h e ancient t imes revealed m a n y of the 
exis t ing deposits, especially those visible a t t he surface . Besides gold 
wh ich w a s t h e p r i m a r y t a rge t of t he ancient prospector , also i ron ore 
deserved special a t t en t ion by t h e na t ive people in i ts s t ruggle t o get 
p rovided w i t h weapons and utensils. The na t ive people exploi ted and 
smel ted i ron ore a t n u m e r o u s localit ies f o r centur ies and still n o w a d a y s 
t h e p r imi t ive t echn ique of smel t ing by use of charcoal can be seen. 

Wi th the beginning of m o d e r n t ime the new-comers became in te r -
ested in searching f o r i ron and other mine ra l r a w - m a t e r i a l s in the 
country . Dur ing t h e I ta l ian occupat ion ser ious e f fo r t s have been m a d e to 
assess and to develop i ron ore deposits , b u t w i thou t pract ical success. 
No n e w la rge a n d economically i m p o r t a n t deposit has been discovered 
and developed. 

Also in t h e pos t -war t ime no addi t iona l i ron ore deposit w a s f o u n d 
and t h e assessment of t he k n o w n deposi ts w a s directed t o the idea of 
e r rec t ion a m o d e r n steel-mill indus t ry . Present ly , the re is only one smal l 
steel f o u n d r y a n d roUing mill opera t ing f r o m 1962 a t Akak i n e a r Addis 
Ababa , a n d hav ing a capaci ty of 50 tons per day only. Sc rap i ron is used 
prevai l ingly w i t h a smal l a m o u n t of l imoni te ore f r o m En to to hill. 

Fol lowing t h e suggest ions of t he Second f ive y e a r P l a n on the u rgen t 
p r io r i ty and special s ignif icance fo r i ron prospect ing, ex tens ive exp lora -
t ion w a s u n d e r t a k e n in the las t t w o yea r s by the Minis t ry of mines, 
and directed t oward ve r i fy ing t h e reserves of i ron ore in t h e k n o w n 
deposits. In the Plan, however , t h e const ruct ion of a steel and m e t a l 
i ndus t ry based on domest ic ore is p l anned fo r t h e end of 1967. The f i r s t 
s tep of r enewed reconnaissance and explora t ion of t he m a i n p a r t of 
k n o w n deposi ts is in genera l f inished. F u r t h e r explorat ion, being in course 
now, is car r ied out by specialised g roups of fore ign cont rac tors a n d is 



directed toward the assessment of the eventual economic reserves by 
means of geophysical and drilling techniques. 

The iron and manganese ores hi ther to known in Ethiopia are oxidic 
only. The deposits belong to d i f ferent types as it will be described in the 
following. 

This article presents a brief summary of essential data on the pr in-
cipal iron and manganese ore occurrences in Ethiopia known till the 
beginning of 1964. The description of individual deposits is given mainly 
on the basis of personal field observation as well as own sampling and 
microscopic examination, supplemented by additional data f rom published 
l i tera ture and other sources. For each deposit a very short history of 
exploration is mentioned. The geological mode of occurrences is described 
and the deposits are classified regarding the origin. The reserves are 
est imated regarding the type of deposit and the degree of exploration. 
The measured tonnages have been calculated for some of the deposits. 
Three of the occurrences t reated have not been visited and verified by 
the au thor in the field. Several new chemical analyses hav been made 
in the Chemical laboratory of the Ministry of mines. The other analyses 
and data used in prepar ing this article were derived f rom the listed 
references. 

The author 's personal view regarding the economic appraisal of the 
deposits is not necessarily the opinion of any other person. 

GENERAL DATA ON THE IRON AND MANGANESE 
OCCURRENCES IN ETHIOPIA 

Geological setting of the country 

About one quar te r of Ethiopia's surface consists of pre-Cambrian 
crystalline rocks of sedimentary and igneous origin. Different lithological 
types can be distinguished. A highly metamorphosed series, having 
resulted f rom high-grade regional metamorphism, is composed of gneisses, 
mica-shists and amphibolites. An apparent ly less metamorphosed para-
series is composed of di f ferent schistose rocks including quartzites and 
crystalline limestones. Both series are intruded by acid and basic igneous 
masses. The whole crystalline basement is strongly folded and faulted 
with the general N—S t rend of foliation. Stratigraphically, no exact 
different iat ion has been performed till today, and the correlation of the 
rocks wi th metamorphic facies of other par ts of Africa is not yet solved 
( F u r o n , 1960). 

In Afr ica the metal l iferous mineral occurrences are almost all 
associated wi th the metamorphic rocks of pre-Cambrian. The same can 
be expected for Ethiopia. The relatively most important p r imary iron 
ore deposits h i ther to known in the country are bound to the meta-
morphic complex. 

The pre-Cambrian basement was erroded to a peneplain and overlain 
unconformably by the sediments of Mesozoic and volcanic rocks of 
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Fig. 1. Generalized geological map of Ethiopia (af ter P. Mohr), showing principal iron and manganese deposits 
SI. 1. Splošna geološka ka r ta Etiopije (po P. Mohru) z glavnimi nahajališči železa in mangana 
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Tert iary. Mesozoic sediments spread in general in the eastern pa r t of the 
country and cover a good another quar te r of the country's surface. They 
a re composed of mar ine sandstones, l imestones and evaporitic sediments 
prevailingly. 

Cainozoic is represented by sedimentary rocks of Ter t iary which are 
confined to the ex t reme east of the country and are of mar ine origin 
prevailingly. The most extensive Ter t ia ry format ion is represented by 
extrusive volcanic rocks of Trap series which extend over the Mesozoic 
and pre-Cambr ian formations. Nearly half of the country 's surface is 
covered by thick layers of volcanic rocks of Trap series consisting of 
basalts prevailingly wi th some more acid rocks and pyroclastics. These 
rocks build up the high plateau in the central pa r t of the country. In 
Ter t iary age the upwarp ing and sinking movements started and shaped 
the present fo rms of mounta ins and r if ts . 

The volcanism continued dur ing Quaternary in which period also 
marine, lacustr ine and f luviat i le depositions were sedimented in local 
areas and basins. Recent volcanic activity is known in this par t of Afr ica 
and the youngest volcanic rocks are named Aden series. 

During the emersion periods the process of weather ing alteration, 
known as lateritization, took place over the pre-Cambrian complex as 
well as Mesozoic sedimentary and Cainozodc volcanic formations. The 
al terat ion processes played an impor tant par t in the format ion of se-
condary iron and manganese accumulations. 

Distribution and kinds of deposits 

The existing deposits are p r imary and secondary in origin. As to 
the geological mode of the occurrences the relatively most promissing 
and high-grade ores are confined to the pre-Cambrian metamorphic rocks. 
The pr imary deposits are known to exist in Eri t rea and Wollega pro-
vinces. The pre-Cambrian basement complex must be considered as the 
potentially most favourable environment to contain pr imary high-grade 
ore, but also secondary low-grade ore. 

The next favourable environment is represented by the volcanic 
rocks of T rap series. The existing low-grade iron ores are an alteration 
product and resulted from weather ing and leaching under the influence 
of the descending meteoric waters . In the same way the secondary iron 
concentrations formed in the clastic Mesozoic sediments cemented by 
ferruginous cement. 

Hydrothermal iron mineralizations in pre-Cmabr ian rocks do exist 
too, being of ascendent k a ta thermal and telethermal or r a the r hot-spring 
character. 

The depositions of manganese have much less extent in comparison 
wi th iron. Only one p r imary deposit is known to exist in mar ine sedi-
ments of young geologic age. Other manganese occurrences are connected 
with the secondary iron depositions. Iron and manganese behave in a 



s imi lar m a n n e r in t h e exogenic cycle and concentrat ions of both meta l s 
in res idual deposi ts a r e f r equen t . 

The dis t r ibut ion of deposi ts and occurrences t rea ted is given in the 
general ized geological m a p of Ethiopia (Fig. 1.). 

The deposits of i ron and manganese belong to the var ied types of 
genesis. The i ron ores a re magnet i t ic , hemat i t i c a n d l imonit ic and the 
m a n g a n e s e ores a r e oxidic too, be ing m o r e or less fe r rug inous . The 
fol lowing genet ical types of deposi ts have been f o u n d in Ethiopia. 

I ron 

1. Me tamorph ic type is of p r i m a r y sed imen ta ry origin and sub-
sequent ly mineralogical ly and tex tura l ly a l tered by regional me ta -
morphism. 

2. Combined metamorphic -con tac t metasomat ic type was fo rmed by 
a combinat ion of sedimenta t ion, m e t a m o r p h i s m and metasomat i sm. 

3. Residual concent ra t ion type, hav ing resul ted f r o m decomposit ion 
a n d leaching of ex t rus ive or o ther f e r rug inous siliceous rocks. 

4. H y d r o t h e r m a l type is of k a t a t h e r m a l and te le thermal (hot-spring) 
character . 

5. Magmat ic type is in fe r red only and not cleared enough. 

Manganese 

1. Res idual concent ra t ion type1 is closestly connected wi th secondary 
i ron accumula t ions . 

2. H y d r o t h e r m a l type is closestly connected wi th te le thermal iron. 
3. Sed imen ta ry type is of mar ine origin. 

DESCRIPTION OF DEPOSITS AND OCCURRENCES 

IRON 

1. Metamorph ic type 

K o r e e — G o l l i s s o — N e j o z o n e 

G e n e r a l . Regard ing t h e possible reserves of h igh-grade iron ore 
this zone in Wollega province seems to be one of t he re la t ively most 
promiss ing a reas in t h e country . I ts center is in the Aira area no r th of 
Yubdo. A small p r imi t ive smel t ing activity is repor ted to h a v e existed 
t he re f r o m the f o r m e r t ime and exists still nowadays . No publ ished da ta 
a re avai lable on these occurrences except M u r d o c k (1960), w h o 
dropped some lines on these deposits, hav ing considered them as smal l 
and i r regular replacements in dun i t e and not pers is tent at depth . His 
opinion w a s tha t none of t he occurrences in Wollega a re of any im-
por tance except fo r str ict ly local use fo r p r imi t ive smelt ing, such as was 
fo rmer ly ca r r i ed o u t there . 



Fig. 2. Geological sketch map of the iron ore-bearing zone Koree-Gollisao-Nejo 
in Wollega 

SI. 2. Geološka skica nahajal išč železove rude v coni Koree-Gollisso-Nejo 
v Wollegi 



Fig. 3. View of Koree outcrop on the top of hill 
SI. 3. Pogled na izdanek Koree v rh griča 

The zone was not searched in the past due to the lack of suitable 
communications and thus little prospects of economic exploitation. In 
the season 1963 extensive prospection was carried out by the Ministry of 
mines. Recently (spring 1964) detailed geological and geophysical 
(magnetometer survey) exploration started with the aim to assess more 
exactly the deposits, and to provide the basis for an eventual further 
drilling program. It, was carried out by the Yugoslav RUDIS company. 

Geologically the region is built up by pre-Cambrian rocks of ap-
parently younger less metamorphosed series and overlain by basaltic 
cover. Petrographically para-rocks as mica-schist, chlorite-schist, amphi-
bole-schist, phyllites and quartzites prevail, having a constant foliation 
of abcut 15" and dipping steeply west. Igneous rocks of ultrabasic, basic 
and acid types are included as well as some gneisses. The general situation 
of the zone is given in the enclosed map (Fig. 2.). 

Ore outcrops are known to extend in a zone of several tens of kilo-
meters in lenght. Lenslike ore bodies occur included in the crystalline 
rocks. Besides outcrops in situ also secondary ore can be found as large 
boulders. The possibility exists that the zone continues southwards as 
well as northwards from the prospected and reconnoitred area. No doubt 
a mineralized zone following the general N N E — S S W trend of foliation 
in the basement complex is in question. 

The magnetitic-martitic ore is coarse crystalline, bluish-black in 
colour but the strike is reddish due to the high grade of martitization. 
On the surface rare incrustations with limonite occur sometimes. 



Description. The most southern outcrop of ore at Koree some 
16 km south of Yubdo is the biggest in dimensions from all existing in 
the discussed zone. It consists of a lens of about 200 m of visible lenght, 
having a thickness of several meters. The outcrop forms a well pronounced 
topographic ridge, striking 35° and dipping nearly vertically (Fig. 3.). 
The prolongation of the ore body for some additional 100 m is assumed, 
the outcrop being hidden under the thick cover of residual soil. The ore 
consists of magnetite and martite and appears in big angular blocks 
with quartzite banding, being more or less impure and limonitized. 

About 500 m southeast from the outcrop large boulders of magnetite 
are scattered on a pretty great surface, several of them of considerable 
size. The boulders are not in situ. They form secondary deposit derived 
either from the existing Koree outcrop or another one burried under the 
soil in the vicinity. Anyhow, the boulders could not have been transported 
from afar. 

The existing reserves at Koree can be estimated to some 150 000 to 
200 000 tons of ore, provided the depth of the lens is about one half of 
the lenght and a lenslike body is supposed. Additionally, several thousands 
tons of ore are deposited as boulders on secondary place. 

The next known outcrop of ore exists about 1,5 to 2 km northwest of 
Yubdo. On a hill slope just beneath the volcanic cover scattered boulders 
and pieces of ore can be found on a surface 300 m by 60 m approximately. 
Some of them are very large in size, weighing several tons each (Fig. 4.). 
It looks very probable that at least a part of ore is not in situ there, 

Fig. 4. Boulders of magne t i t e a t Yubdo outcrop 
SI. 4. Magnet i tn i bloki na izdanku Yubdo 



but due to the very large size of the blocks they could "hot have been 
t ranspor ted f r o m afar . The pr imary deposit has to be somewhere very 
near, burr ied under the residual soil or even basaltic capping. The coarse-
grained ore seems to be clean wi th some inclusions of quartz . 

About 650 m nor thwards f r o m this place i ron ore in situ crops out 
in a t rench made by natives, which exploited the ore. The ore body here 
might be about 30 m in lenght and several meters thick, judging on the 
dimensions of the trench. Its s tr ike might be about 45° and dip near ly 
vertical. The ore consists of impure limonitized magnet i te intermingled 
wi th banded quartzi te. I t is possible that the lens continues southwards 
under the volcanic cover, which begins just a t t he end of the t rench. 

The fo rm as well as the character of the deposit could not be de-
finitely established by surface examinat ion only. The existing reserves 
at Yubdo locality might not exceed the general es t imate of several 
hundreds of thousand tons at max imum, taking into consideration the 
assumption the ore is in situ prevailingly. If this is not the fact the 
reserves are much smaller. 

Several ki lometers east f r o m Aira Mission and some 16 k m nor th of 
Yubdo t he Gordana Katcho hill is bui l t u p of quartzi te , chlorite-schist 
and mica-schist. On the hill the traces of fo rmer exploitation can be seen 
in fo rm of a trench, s tr iking conformably wi th the foliation of the 
metamorphic complex. The t rench is about 100 m long and variable in 
width wi th several meters on average. Although it is filled u p wi th ear th 
and grown over by vegetation, the blocks and pieces of magnet i te can 
be seen. Bands of magnet i te are included in whi te quartzi te indicating 
the genetic connection of both rocks and minerals. The traces of an 
exploitation in limited extent can be found also on the western slope of 
the hill perpendicular to the t rend of the mineralized zone. 

The exposition of the outcrop is bad and an estimation of probable 
reserves difficult . It could be assumed tha t several tens of thousand 
tons of ore might exist there, depending on the not clear dimensions of 
the ore body. 

The next outcrop at the locality Chago some 5 k m south of Gollisso 
has a lenght of about 300 m and a width of several meters. Former 
exploitation by nat ives is evident and remnants of smel t ing-furnace can 
be seen too. The area is strongly covered by residual soil and on some 
places magnet i te ore is to be seen in large block, being very compact and 
of the same appearance as on the other spots described as above. The 
trench follows the foliation of the metamorphic rocks, being in general 
15° to 20°. 

The prel iminary tonnage est imate of reserves might be analogous to 
that of Koree, amount ing f r o m 100 000 to 200 000 tons of ore. 

In the area east of Nejo magnet i te boulders can be found at several 
localities (Gambo, Kata valley, Tullu Adere), bu t there is also ore in situ 
in form of smaller lenslike outcrops. The ore is of the same appearance 
and composition as in the other localities described above. The geological 
envi ronment is more o r less the same and the quartzi t ic and schistose 



rocks of t h e b a s e m e n t prevai l . A prospect ion is in course to es tabl ish the 
posit ion and t h e d imensions of t he exis t ing outcrops. F o r t h e t ime be ing 
a v e r y rough tonnage es t imate of severa l tens of t housand tons of i n fe r r ed 
ore can b e assumed f o r th is area. 

A n a l y s e s . Severa l samples of magne t i t i c -mar t i t i c ore f r o m 
Wollega h a v e been analysed in 1962 (analyst A. R e g a n ) . Tab le 1. gives 
t h e composit ion of t he chip samples of selected clean ore f r o m d i f f e r en t 
localities. 

Table 1 1. tabela 

Locality Fe TiOa SiOa P2O5 S MnO 

Koree 71,6 0,0 0,82 0,06 0,09 0,09 
Yubdo 70,9 tr. 1,2 0,08 tr. 0,12 
Gordana Katcha 70,8 tr. 3,1 0,03 0,05 0,23 
Chago 68,8 tr. 1,8 0,14 tr. 0,12 
Nejo (Kata) 65,2 tr. 8,7 

Severa l addi t iona l chip samples have been analysed in the labora tory , 
giving t h e s ame size-order in t h e q u a n t i t y of t he components . 

In Wollega a r ich magne t i t i c -hemat i t i c ore is in quest ion, ve ry low 
in su lphu r and in phosphorus . The percentage of silica is low in samples 
of clean ore, b u t on average it can be expected h igher owing to the 
var iab le inclusions of q u a r t z and quar tz i t ic m o t h e r rock to which t h e 
ore is bound. 

Pol ished sections of ore have been examined u n d e r the microscope in 
o rder to provide addi t ional i n fo rma t ion about t h e processes of i ts f o r m a -
tion. The microscope reveals a r a t h e r porous coarsegrained ore of largely 
mar t i t i zed magne t i t e (PI. 1, Fig. 1.). The magne t i t e is a lmost completely 
oxidized to h e m a t i t e in f o r m of lamellae, fol lowing t h e (111) p lanes of 
magnet i te . The a l te ra t ion is more p ronounced a t marg ins of magne t i t e 
crysta ls and m a r t i t e ex t ends i r regular ly along cracks in to magnet i te . 
Wi th progress ive mar t i t i za t ion the lamel lae b roaden and very of ten only 
res idual a reas of magne t i t e remain . 

L imeni te replaces mar t i t i zed magne t i t e here and there , f o rming r ims 
and i r r egu la r bodies .Quar tz g ra ins can be f o u n d in the ore, concentra ted 
in b a n d s sometimes. An i m p o r t a n t f e a t u r e is t he except ional appea rance 
of smal l roundish inclusions of pyr i t e a n d chalcopyri te in the middle of 
una l t e red magne t i t e gra ins . 

O r i g i n . T h e in t ima te connection of ore to the p a r a m e t a m o r p h i c 
rocks consisting of w h i t e quar tz i t e and o ther schistose rocks is ev ident 
at all f ind-spots w h e r e magne t i t i c ore occurs. The ore zone and the ore 
bodies r u n paral le l wi th t h e fol ia t ion of t he m e t a m o r p h i c complex. The 
outcroping por t ion of t he ore lenses is ex t remely a l tered to m a r t i t e d u e 
to t h e supergene oxidat ion of magnet i te . 

T h e r e is no doub t t h a t t h e ore is s ingenet ic w i t h the ad j acen t rocks 
of originally s ed imen ta ry series. This has been s t rongly folded and m e t a -
morphosed by regional and dynamic m e t a m o r p h i s m , accompanied by 



grani t ic a n d other in t rusions . Me tamorph i sm entai led mineralogical and 
t e x t u r a l changes of t he p r i m a r y sediments the "bedding" of which is still 
discernible in me tamorphosed rocks. The paragenes is of t he present ore 
is s imple and the magne t i t e as well as t he qua r t z was t e is recrystall ized. 
The sulphides migh t be p r i m a r y in origin, and t h e presence of r a r e small 
g ra ins of pyr i t e and chalcopyri te in t h e ore could be d u e to the condit ions 
of p r i m a r y sed imenta t ion r a the r t h a n hav ing been in t roduced la te r by 
t h e r m a l solutions. T h e r e is no other evidence of any hyd ro the rma l 
activity. Accordingly, t he iron ore occurrences in th is pa r t of Wollega 
belong to the m e t a m o r p h i c type of deposits, be ing derived f r o m a fo rmer 
sed imen ta ry accumula t ion and subsequen t concentra t ion of i ron. 

The quest ion about the p r i m a r y sed imenta ry env i ronmen t and the 
f o r m in which iron w a s present originally is d i f f icul t to explain. The 
idea t ha t t he or iginal beds of i ron fo rma t ion could belong t o epicon-
t inenta l sediments seems the most probable . I ron m a y have precipi ta ted 
and concent ra ted e i ther as sed imen ta ry oxides or even i ron silicates. 
T h e a t t r ibu t ion of i ron to a magma t i c source as fo r ins tance exhala t ive 
act ivi ty on t h e sea f loor is less probable . Since the fo rmat ion the i ron-
bear ing sediments w e r e subjec ted to extensive m e t a m o r p h i s m and re-
crystall isation, hav ing conver ted t h e p r i m a r y iron concent ra t ion into 
magnet i te . The uncer ta in i ty as to the detai ls of origin of th i s ancient 
deposit is a direct consequence of i ts long and complex geological his tory 
and th is shal l b e kep t in mind w h e n considering t h e genesis of pre-
C a m b r i a n deposits. 

R e s e r v e s . No accura te tonnage es t imate of t he whole zone is 
possible before the fu l l p rog ram of detai led survey, including drilling, 
will be carr ied out. Fo r the t ime being the presence of ore is k n o w n on 
the above described localities only. The es t imated reserves a re given as 
a p p r o x i m a t e f igures in the Table 2. 

Table 2 2. tabela 

Estimated reserves (tons) 
Lccalitv Measured Inferred 

(min.) (max.) 

Koree 50 000 100 000 150 000 
Yubdo 20 000 50 000 300 000 
Cordana Katcho 10 000 40 000 100 000 
Chago 80 000 100 000 200 000 
Nejo (east) — — 50 000 

T o t a l 160 000 290 000 800 000 

The q u a n t i t y of exis t ing reserves fo r single locali ty can not be 
expected m o r e t h a n severa l h u n d r e d s of thousand tons at m a x i m u m . The 
whole zone m u s t be ranged accordingly to small-size iron deposit wi th 
a to ta l t onnage of abou t half a million or so tons of h igh-grade i ron ore. 
T h e lenght of t he zone is about 70 k m and t h e to ta l lenght of t h e visible 
outcrops 750 m only. 



Billa 
Approximately 2 to 3 km east of the village Billa in Bogi district 

in Wollega a pronounced barren mountainous ridge extends (Fig. 5). It is 
composed of compact light grey quartzite, having a strike of about 10° 
and dipping apparently very steep west. On the western slope of the 
ridge several more or less limonitized quartzitic and schistose rocks can 
be found in a 100 to 200 m wide zone, containing even pure limonitic 

Fig. 5. V iew of Bi l la r i dge w i t h sca t t e r ed pebb le s of l imon i t e 

SI. 5. Pog l ed na g r eben Bi l la z r a z m e t a n i m i kosi l i m o n i t a 

pieces and debris. A banding in the metamorphic strata can be seen and 
the schistose rocks alternate with layers richer in iron oxide. The lenght 
of this zone is about 1,5 km. The average iron content is relatively low. 
It is possible that in the series of alternating strata some of them contain 
a higher content of iron. 

Genetically the iron concentrations at this locality are in general 
bound to the zone of metamorphic rocks as described above. The 
ferruginous quartzite and schist are of sedimentary origin and sub-
sequently recrystallized by regional metamorphism. The quartzite might 
be metamorphosed originally arenaceous sediment. The local concentration 
of limonite found in this place is secondary in origin and has formed by 
leaching and precipitation of iron out of the primary mother rocks. Chip 
samples of ore have been analysed, containing even 56 °/o of iron and 
3 to 5 % of silica, but these figures can not be regarded as average. 
The iron content varies from place to place, being in average very low. 
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For the t ime being it is believed tha t the iron ore occurrence at 
Billa is of no economical value due to the low iron percentage. 

The existence of sedimentary-metamorphic iron occurrences in Wol-
lega is, however, an interest ing phenomenon due to t he fact t ha t many 
of the significant world 's iron deposits belong to this type, which usually 
contains high-grade iron ore. In South Africa and especially in recent 
t ime in West Afr ica enormous deposits of this type have been discovered 
( F i n n , 1964). 

In the nor thern prolongation of Billa ridge some 12 km away of it 
an analogous iron concentration was found a t Tullu Bollale, having the 
same appearance as tha t of Billa ridge. Hemati t ic schist was observed 
also along the main road to Nejo several kilometers before the town. The 
iron contents is low. The rocks are reddish-brown and well schistose. 
Ferruginous schist does exist also in the vicinity of Gollisso. 

The conclusion can be made tha t in this par t of Wollega several 
fe r ruginous schistose horizons appear the iron contents of which is 
disseminated very irregularly, and here and there concentrated to rich 
bu t r a the r small lenslike ore bodies. 

2. Metamorphic — contact metasomatic type 

F a l c a t — A g a m e t t a z o n e 

G e n e r a l . Regarding the geological informat ion available for the 
t ime being the most interest ing and potentially impor tant might be the 
iron ore occurrences in Eri t rea . Lenslike ore bodies of high-grade 
magneti t ic ore were known for many years to extend at several localities, 
especially in the area Sabub-Agamet ta about 40 k m east of Asmara, 
and in t he ex t reme nor thern par t of Eri t rea in the Falcat area. Several 
new ore occurrences have been found in the Gumhod area dur ing the 
prospecting campaign carried out in 1963 by the Ministry of mines. 
I t looks very probable t ha t addit ional ore bodies could be found by 
systematic work in the mounta inous and par t ly extremely hard accessible 
par t s of this province. 

The data on investigations carried out formerly on these iron ore-
bearing areas (Fig. 6.) a re summarized by U s o n i (1952). In 1919/20 
several pits and trenches were dug in Agamet ta area. Extensive ex-
ploration was carried out immediately before War II, applying magneto-
meter survey too. The reserves were est imated to 2,5 million tons. 

In 1956 the German K R U P P company assesed the reserves to be 
probably beyond the 2,5 million tons. In 1963 the Ministry of mines 
engaged the Yugoslav RUDIS company to explore definitely the 100 sq. k m 
large a rea between Sabub and Agamet ta in the most southern par t of 
the ore-bearing zone. At the same t ime the reconnaissance, prospecting 
and pre l iminary studies in t he ad jacent a reas covering total ly over 
1800 sq. k m were carried out by the Ministry of mines. The a im of this 



Fig. 6. Sketch map of iron ore-bearing areas in north eastern Eritrea 
SI. 6. Karta območij železovih nahajal išč v severovzhodni Eritreji 
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Fig. 7. Provisional geological sketch map of the Falcat a rea (After 
A, C a v a g n a r i , 1919) 

SI. 7. Približna geološka skica območja Falcat. (Po A. C a v a g n a r i j u , 1919) 

ac t iv i ty w a s to p rov ide the p re l imina ry basis for t he even tua l f u r t h e r 
invest igat ions. 

The n o r t h e r n ore deposi ts in t h e Fa lca t region could no t be visited 
by the au tho r in 1963. The deposits we re s tudied in the pas t main ly by 
B i b o l l i n i ( U s o n i , 1952). The genera l geological s i tua t ion is evident 
f r o m an unre l iable ske tch by C a v a g n a r i (Fig. 7.). In 1940/41 t h e 
I ta l ian RIMIFER company explored t h e deposits geologically and geo-
physical ly w i thou t hav ing discovered n e w ore bodies. No def in i te view 
can b e deduced f r o m U s o n i ' s d a t a r ega rd ing t h e economic impor tance 
of these deposits, and the reserves we re es t imated to 200 000 to 300.000 
tons only. 

In judg ing the po ten t ia l possibili ty of t he whole ore-bear ing zone 
t h e deposi ts i n t h e Fa lca t a r e a m u s t b e explored a n d s tud ied def in i te ly 
in the shor tes t possible t ime. 



According to the Italian geologists the iron ores of Agametta as well 
as of the northern deposits in the Falcat area are pyrometasomatic in 
origin and related to silicic intrusions. KRUPP found obvious indications 
of the sedimentary character of the ore in Agametta area. RUDIS (1963) 
interpreted the origin of the ore in connection with the exhalative vol-
canic processes in the shallow sea. Subsequently hematite was transformed 
into magnetite by regional metamorphic and contact metamorphic 
processes. 

Description. Geologically the Gumhod-Agametta area in the 
eastern part of the central Eritrea consists of pre-Cambrian rocks of 
presumably low-grade metamorphism similar to those in Wollega. The 
most important rock-types are parametamorphic schistose rocks varying 
from almost unaltered arenaceous sedimentary rocks to high-grade 
metamorphosed gneiss fades. The inclusions of calcareous lenses occur 
often in the basement complex, the foliation of which is in general 
N N W — S S E in this part of Eritrea. Granitic, pegmatitic and differentiated 
intrusive rocks are included. On the plateau south of Asmara basalt 
capping covers the basement rocks, and in the coastal part of Eritrea 
young Tertiary sediments and basaltic lavas spread locally over them. 
The existing magnetitic ore is prevailingly massive and occurs in 

big angular blocks (Fig. 8.). Texturally it is coarse-grained but also fine-
grained or in the form of banded ferruginous quartzite and schist. The 
latest shows here and there also a well defined banding with quartz-rich 
layers alternating with iron oxide-rich layers. Also the alternation of 
magnetite layers with schistose chlorite-schist and other schists is not 

Fig. 8. Outc rop of magne t i t e ore a t Agamet t a 
SI. 8. I zdanek m a g n e t i t n e r u d e v Agamet t i 



Fig. 9. Outcrop of sehistose magne t i t e ore a t Dongollo basso 
SI. 9. Izdanek skr i lave magne t i tne rude v Dongollo bassu 

seldom to be seen. This banding is without doubt an original sedimentary 
layering, accentuated perhaps by metamorphic recrystallization. Also the 
fine-grained magnetite ore shows a very fine banding parallel to the 
folliation of the sedimentary complex (Fig. 9.). The coarse-grained ore is 
more clean and the banding seems to be less pronounced. In the northern 
part of the zone near Gumhod the ore layers consist of alternating 
bands of magnetite and schistose rocks. The schistose textured ore is 
intermingled with green chlorite-schist and quartz layers. 

The southern part of the ore-bearing zone between Sabub and 
Agametta is built up by different low-grade metamorphic rocks, which 
contain several lenslike iron ore bodies, following the general foliation 
in the metamorphic series. In general some ten groups of ore lenses 
exist there, occurring in different levels in the ore-bearing horizon. 
According to RUDIS (1963) the ore bodies have the predominant lenghts 
between 5 and 25 m and the thicknesses exceed exceptionally more than 
1 m. Schistose metamorphic rocks contact larger bosses of granodiorite 
and granite porphyry. A narrow zone of older basic extrusive rocks occurs 
in the basement complex and RUDIS believes these rocks might be 
genetically related to the granodiorite as well as to the iron ore. An 
important feature is the presence of skarns, which are not always con-
nected to the calcareous lenses occurring within the metamorphic series. 
Besides the locally abundant quartz, garnet, epidote and other silicates 
also grains of sulphides and patches of copper carbonates occur in this 
type of ore mineralization. Malachite was found also in small quartz 
veinlets crossing the metamorphic rocks. 



Near Dongollo basso a completely isolated lens of banded magne t i t e 
ore w a s f o u n d on t h e G a h a r hill, hav ing a l engh t of 15 m and a m a x i m a l 
w i d t h of 1,5 m. Severa l k i lometers to the n o r t h ano the r smal l ou tc rop 
of o re exis ts nea r Ailet . Both a re included in t h e fo l ia ted schistose rocks. 

In t h e G u m h o d a rea severa l n e w magne t i t e occurrences h a v e been 
f o u n d d u r i n g prospect ion. They h a v e the s ame morphological f e a t u r e s 
as those in S a b u b - A g a m e t t a area , being character ised by scarse smal l -
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Fig. 10. Field-sketch of lenslike iron ore occurrence near Gumhod 
SI. 10. Terenska skica lecastih teles železove rude pri Gumhodu 



Fig. 11. Outcropping smal l lensl ike ore bodies nea r G u m h c d 
SI. 11. Izdanek m a j h n i h lečast ih rudn ih teles pri G u m h o d u 

sized lenslike ore bodies lying in the strike of the metamorphic complex 
There is no doubt the occurrences belong to the same ore-bearing zone 
Three groups of ore lenses have been found there and the group 
Gumhod I is shown in the sketch (Fig. 10.) as well as in the photo 
(Fig. 11.). 

The area between Sabub and Gumhod is represented by a plain 
covered by sands and torrential piedmont gravels. The thickness of this 
cover can be estimated to several meters on average. The continuation 
of the ore-bearing zone along this 20 km long area between the northern 
and southern outcrops is very probable, however, composed of the 
eventual small groups of ore lenses. The possible existence of ore under 
this alluvial cover might be partly proved by a 600 m long magnetic 
anomaly discovered by RUDIS's magnetometer survey near Fort Am-
batocan (RUDIS, 1964). 

This ore-bearing zone continues in all probability further to the N N W 
following the general trend of the basement complex. Magnetite sands 
are known along the sea-shore at Mersa Gulbub in the Northern desert 
Future efforts shall be directed towards possible new discoveries of ore 
in this area. Owing to the fact that this region is far and very hard to 
access only a well organized and equiped terrestrial prospection could 
bring results. 

In the northern part of Eritrea, about 180 km north of Asmara 
similar magnetite deposits occur at Walet Shek and Mont Tullului in the 
region of Falcat river. The iron ore occurrences of Falcat-Mont Tullului 
area and others are described by Usoni (1952), following mainly Bi-



bolini 's da ta . Consider ing also addi t iona l d a t a on these a reas t h e con-
clusion can b e made , t h a t t h e geological s i tuat ion in genera l does not 
d i f f e r f r o m t h a t in t h e G u m h o d - A g a m e t t a area , except p e r h a p s m o r e 
accen tua ted s k a r n charac te r of t h e deposits . Magne t i t e lenses occur 
e v e r y w h e r e in t h e closest contact w i t h marb le , hav ing bo th t h e f o r m s of 
e longate lensl ike bodies. T h e s t r ike of t he basemen t complex m i g h t b e 
t h e r e NE—SW and t h e zone of in te res t severa l t ens of k i lometers in 
lenght . The deposi ts a r e descr ibed to b e typica l con tac t -metasomat ic in 
type w i t h la rge f o r m a t i o n of epidote, g a r n e t and pe rhaps i lvaite, t h e 
minera l s replac ing calcite. The minera l iza t ion is t hough t to be due to 
h y d r o t h e r m a l solut ions der ived f r o m porphyr ic ex t rus ions as wel l as 
g ranod ior i t e or o the r igneous masses in dep th in t h e vicinity. The lenght 
of lensl ike i ron ore bodies m a y v a r y b e t w e e n 100 m a n d 300 m, hav ing 
t h e th icknesses of about 10 m as m a x i m u m . The presence of i ron and 
copper su lphides is indica ted ( U s o n i , 1952). F r o m C a v a g n a r i ' s 
ske tch (Fig. 7.) t h e copper minera l iza t ions look t o b e wel l del imited. 
Specu la r h e m a t i t e m a y occur in t h e Fa lca t ore too. 

A n a l y s e s . K R U P P analysed in 1956 seven g r a b samples of i ron 
ore f r o m A g a m e t t a area. The resul ts would give an average composit ion 
of ore as fol lows (in percen t ) : 

F e . . . . 58 
SiOz . . . 14 
P . . . . 0,047 
O . . . . 0,018 

Addi t ional ly , t h r e e chip samples of good ore f r o m S a b u b - A g a m e t t a 
a r e a h a v e been ana lysed in the Chemical l abora to ry of t h e Minis t ry of 
mines . T h e resul ts a r e g iven in the Tab le 3 (in percen t ) : 

Table 3 3. tabela 

No. Fe Si02 Ca Mg A12O3 P Ti MnO Cu s o 4 

250 47,04 22,82 0,00 0,00 0,53 0,02 0,00 0,54 tr. tr. 
251 47,50 30,70 0,00 0,00 0,23 0,044 0,00 0,40 tr. tr. 
253 68,13 2,30 0,00 0,00 0,20 0,017 0,00 0,35 tr. tr. 

T h e percen tages of i ron and silica a re var iab le and depend on 
picked samples . I t could b e es t imated t h a t an average contents of iron 
would v a r y be tween 50 and 65 °/o and t h a t of silica be tween 10 and 20 °/o 
respect ively in t h e represen ta t ive samples, which, however , h a v e no t 
ye t been sys temat ica l ly t a k e n a n d examined . Smal l contents of phos-
phorus , su lphu r and o the r a d m i x t u r e s m a k e t h e composi t ion of ore 
excellent . 

M a n y samples of ore as wel l as o ther rocks w e r e examined u n d e r 
t h e microscope as pol ished a n d t h i n sections. As to the ore t h e r e a re 
t w o types to b e d is t inguished: b a n d e d m a g n e t i t e - m a r t i t e ore and magne t i t e 



with skarns. It can be said, in general, tha t the banded ore consists of 
granoblastic recrystallized agregate of magnet i te and quar tz prevailingly. 
Magneti te in fo rm of al lotr iomorphic f ine grains is concentrated in bands 
but also dispersed in quar tz ma t r ix (PI. 1, Fig. 2.). Magnet i te is a lways 
marti t ized, and mar t i t e spreads along the grain boundaries and fissures 
or follows the planes (111) of magnet i te in fo rm of lamellae. Some ra re 
inclusions of chlorite, mica, amphibole, epidote and calcite are present. 
The blastic grain s t ruc ture of the rocks, which va ry f r o m magnet i te-
bearing quartzi te on one side to dense granular magnet i te on the other, 
is due to the metamorphic recrystallization. 

Big crystalls of epidote occur in the banded rocks sometimes and 
later quar tz fills the cracks and fissures, proving additional hydrothermal 
processes in the ore. Besides very advanced mart i t izat ion of magneti t ic 
grains distinct lamellar hemat i te occur too and can be seen even by 
unaided eye. The impression is got the lamellar hemat i te might be due to 
a special crystallization phenomenon undipendent f r o m tha t of mart i t iza-
tion of magneti te . Lamellar hemat i te is distinguished by very porous 
texture . 

The presence of sulphides in banded ore is another impor tant feature. 
Rare isometric crystals of pyri te are spread allong banding in quar tz 
matr ix . They a re much bigger than the average size of magnet i te crystals. 
The great par t of these grains appear already completely altered to zoned 
limonite which spreads also along f ine fissures in the ore. Homeoblastic 
f ine-grained quar tz ma t r ix gets disturbed along the margins of these 
crystals and longish quar tz grains are oriented perpendicularly to the 
margins of sulphide grains. Pyr i te crystals, having more than 1 m m in 
size, occur in the bordering zones wi th marble too. Normally they are 
pseudomorphoses a f t e r pyri te which can be found within l imonite in 
form of small relicts only. It looks tha t the sulphides have been introduced 
wi th a later generation of quar tz due to the hydrothermal processes 
which produced skarns. 

On the other side small roundish and elongate grains of chalcopyrite 
occur in the magnet i te grains as well as in the mart i t ized par ts of it 
(PI. II, Fig. 1.). The small gold-yellow bodies are distributed very scarcely 
and irregularly. Their direction seems to be here and there parallel to 
that of the mar t i t e lamellae. The size of these grains which are well 
delimited f rom the surronding magnetite, is generally less than 0,01 mm, 
and the max imum not more than 0,03 mm. 

Malachite is concentrated as secondary filling in fissures and cracks 
together wi th the supergene iron oxides. 

There is no certainity regarding the textura l relation of copper and 
iron minerals. The in t imate relation of both minerals could point out tha t 
copper might be pr imary in origin and syngenetic with iron. This relation 
is not yet studied in details and sufficiently explained for the t ime being. 

The skarn type of ore consists of garnet , epidote, amphibol, prevail ing 
quar tz and magnet i te (PI. II, Fig. 2.). The microscope reveals the idio-
morphic garnet and epidote cemented by magnet i te and a later quartz. 



The idiomorphic garnet crystals show of ten skeletonlike fo rms wi th 
oriented bandsgrowth in quartz. This is a proof of more or less s imul-
taneous crystallization whereupon magnet i te crystallized apparent ly as 
the last of t he components. Magnet i te is always allotriomorphic. It can 
be found also in t he center of garnet crystals. 

O r i g i n . The informat ion gathered hi ther to points out to t he 
explanat ion of the origin of deposits in t he following way. The main par t 
g>f iron in the existing ore bodies is of p r imary sedimentary origin. It 
was deposited in the ancient mar ine basin where the metasediments of 
the present pre-Cambrian complex originated. A small amount of copper 
might have been deposited simoultaneously wi th iron. The original f o rm 
in which these two metals might have been precipitated is unknown. 
According to RUDIS (1963) some indications for an exhalat ive iron origin 
might exist. 

Regarding sedimentary copper minerals there are occurrences in t he 
world known whe re this meta l is associated wi th sedimentary rocks, 
having originated in the conditions of shal low-water sedimentation. In 
general there iz much u n c e r t a i n t y as to t he sedimentary envi ronment 
in which t he sediments were deposited. The copper mineralization of 
apparen t sedimentary origin seems to be present in Eri t rea also a t the 
new discovered occurrence Mont Sacar in the vicinity of Gumhod. 

The p r imary depositions containing iron were subsequently subjected 
to several periods of metamorphism and deformation. They were exten-
sively metamorphosed and recrystalized and iron concentrated to lenslike 
ore bodies of granoblastic texture . 

The next hydro thermal replacement mineralization followed, the 
result of which was the format ion of skarns. The mechanism of these 
events as well as the origin of solutions is not cleared. The components 
could be ei ther newly brought f r o m magmatic sources or may be simply 
a remobilization of elements f r o m sedimentary sources already present, 
wi thout introduct ion of new material . The solutions m a y have been 
derived f r o m the batholi t ic activity, connected to granodiorit ic intrusions, 
younger t han the metasediments. 

The process of mart i t izat ion is believed to be of supergene origin. As 
already pointed out a pa r t of hemat i te is possibly due to hydrothermal 
activity too. 

R e s e r v e s . The reserves for the most southern par t of the i ron-
bearing zone between Sabub and Agamet ta have been calculated by 
RUDIS (1963), and summarized to a global sum of 425 000 tons. Some 
nine groups of ore lenses in the zone of about 15 k m lenght may contain 
about 124 000 tons of visible and probable ore, and several hundreds 
of thousand tons of potential possible ore. The enlargement of reserves 
on account of inferred ore in the depth is not hopefu l due to small 
dimensions of the ore lenses and their scarce displacement in the terrain. 

As to the visible and probable reserves in the Gumhod area they 
are calculated to 8530 tons only. The inferred tonnages can be est imated 
to several tens of thousand tons ( H a m r l a , 1964). 



On the basis of the known geological situation in both areas, and 
on the assumption tha t the ore might be present in the plain area covered 
by alluvial sands the tonnage est imate is possible by statistical method. 
Hence, the reserves of the whole 40 k m long zone might amount to 
about 1 million tons, related to twelve known occurrences and additional 
nine supposed to exist under the alluvial cover. A depth to 60 m under 
the surface was considered and the actual relation between the proven 
and inferred reserves is about 1 : 7 ( H a m r l a , 1964). 

More promissing in reserves might be the Falcat region. The Italian 
sources report much greater dimensions of the ore bodies f rom those 
established in the Gumhod-Agamet ta area. On the other hand these da ta 
seem to be doubt fu l if compared wi th the I tal ian data for Agametta. 
Additionally the great distance f r o m potential industr ial centres as well 
as f r o m the shore (60 k m air-l ine to Red-sea port Mersa Teclai) makes the 
immediate economic proficiency of these deposits doubt fu l even if larger 
reserves exist. The deposits should be, however, reconnoitred and well 
assessed in light of experiences gained through detailed geological and 
geophysical examinat ion of Gumhod-Agamet ta area. Moreover the whole 
180 k m long zone between Gumhod and Falcat valley should be prospected 
and assessed. 

O t h e r d e p o s i t s 

Similar iron ore deposits are reported to exist in Sidamo province 
in the area of Yavello and I rb i as well as in the zone of Arero and 
Metacapersa (M u r d o c k , 1960). Magnetitic and hemati t ic ore is re -
ported to contain 60 to 68 °/o of iron. These localities would be wor th to 
be explored to such an extent tha t the eventual significance could be 
assessed. 

3. Residual concentration type 

The occurrences of residual ores are due to the decomposition of 
silicate rocks in the process of weathering. During the decomposition 
some leached components go into solution and are carried away, others 
remain and precipi tate in convenient environment. Under conditions 
characterised by al ternat ing dry and wet seasons, the decomposition is 
more complete and results in a lateritic soil composed of limonitic and 
bauxit ic components, meanwhi le silica is extensively removed. 

Under favourable climatic and other conditions iron and also m a n -
ganese may accumulate in this way to fo rm even economic deposits. The 
concentration of iron in lateritic residue fo rms residual — lateritic deposit. 
If the leached components precipitate in open spaces residual — infi l t ra-
tion type originates. 

Regarding the na tu re of mother-rock the iron has been leached f rom 
the extrusive volcanic rocks and ferruginous siliceous rocks can be 
distinguished. 



Extrusive rocks as source o i iron 

M a i G u d o 

G e n e r a l . 1'he Mai Gudo area is s i tua ted about 60 k m to SSE 
f r o m J i m m a in t h e u p p e r d ra inage p a t t e r n of t h e Odoni t ta r iver . T h e 
m o u n t a i n o u s a rea is d i f f icul t t o access. A 65 k m long old road in ve ry 
b a d condit ion present ly connects t h e locality w i t h t h e h ighway some 
30 k m be fo re J i m m a . 

The deposit consists of m a n y smal l i ron ore occurrences, t h e most 
i m p o r t a n t of wh ich a re shown in t h e enclosed m a p (Fig. 12.). T h e r e is 
no pers is tency a m o n g t h e isolated accumulat ions . 

Fig. 12. Sketch map of Mai Gudo iron (and manganese) ore occurrences 
SI. 12. Skica nahajališč železove (in manganove) rude Mai Gudo 



The ore has been exploited by nat ives and smelted in a primitive 
way for a long t ime ago for the manufac tu re of tools and weapons. During 
the Italian occupation considerable mining activity has been carried out 
and about 20 000 tons of ore were mined. In tha t t ime V i l l a m i n a r 
est imated the ore reserves, which are cited by U s o n i (1952) to amount 
to 1,2 million tons totally. 

In 1945 M u r d o c k visited the area and est imated the reserves to 
120 000 tons ( M u r d o c k , 1960). He pointed out the guess has been 
made wi thout any real basis. In 1956 an expert of the German KRUPP 
company reconnoitred the area and found it not wor th of any fu r t he r 
exploration. 

At the end of 1962 the Ministry of mines explored the area by pit t ing 
and trenching. The occurrences have been found practically without 
economic importance, being very small in size and insignificant in 
reserves of ore of medium and low quality (H a m r 1 a , 1963). 
Additionally, the position of the area is very unfavourable regarding 
t ranspor ta t ion facilities. 

D e s c r i p t i o n . The large region of Mai Gudo is buil t up of 
volcanic rocks of Trap series. Dolerite and olivine-basalt are reported to 
build the highest par ts of the mountains. The prevailing rocks are 
trachyte-rhyolite. The rocks are extremely weathered and characteristically 
violet-reddish coloured. Residual soil covers the surface and locally 
accumulates in considerable thickness. Yellowish-brownish bands and 
crack-fillings by compact ore could be stated everywhere in the soft 
weathered country rocks which contain often yellow ochreous and 
black manganiferous inclusions. The traces of fo rmer exploitation in 
limited extend can be locally found. 

Melka Sedi is the most important locality among all occurring in 
this region. Supergene iron ore occurs in the lowest par t of a pre t ty 
steep slope. Old ditches and trenches are evident in the outcropping area 
which may have a surface of about 120 m by 100 m. Residual soil covers 
the weathered rocks, being ferruginous and intensively yellowish-reddish-
brown coloured. Thin veins and bulby inclusions of compact ore are 
f requent . Small bodies of compact l imonite are included in yellow ear thy 
ochre containing bluish-black manganese hydroxides as well as layers 
of grayish-black ear thy wad. The s t ructure of ore is breccious and it 
passes here and there to the residue. It looks that the more compact ore 
is concentrated in the lowest par t of the mineralized zone near the 
bottom of the slope. The quant i ta t ive relation between the compact ore 
and the waste is in general unfavourable . 

At Dacano fer r i ferous concentrations occur in weathered rocks accom-
panied by manganese oxides. They are quanti tat ively unsignificant. 

The outcroping area at Dombova extends on a roughly est imated 
area 100 m by 80 m. The ore occurrence is similar to Melka Sedi in 
appearance but smaller and poorer in degree of mineralization. An old 
t rench reveals the prevailing yellowish weathered rocks and banded soil 



w i t h i r regu la r ly concent ra ted l imoni te in f o r m of small bu lbs and veinle ts 
o ther t h a n g r ea t e r blocks and lenses. 

A t I lche only scarce t races of minera l iza t ion exist in res idual soil 
as p roved by severa l pits. 

A t Sassachie w e a t h e r e d ye l lowish-brown rocks prevai l , conta ining 
smal l crack-f i l l ings of i ron a n d m a n g a n e s e oxides. 

N o r e m a r k a b l e o r e concent ra t ions exis t a lso a t t h e locali t ies K u r k u r e , 
Derabo, S u n a r o a n d Botto, w h e r e u n i m p o r t a n t local concent ra t ions of 
compact ore a re accumula ted in cracked w e a t h e r e d coun t ry rock. 

Veinl ike i ron ore occurrences w e r e signaled f r o m t h e locality Aebicha. 
I ron and m a n g a n e s e oxides a r e concent ra ted in tectonical ly c rushed 
zones, s t r ik ing 200° to 250° a n d d ipping vert ical ly. They h a v e 10 cm to 
40 cm in wid th . The breccious w e a t h e r e d rocks a re cemented w i t h i ron 
oxides as wel l as w i t h silica, indica t ing in th i s w a y the f o r m s of a p p a r e n t 
veins. 

A t t h e locali ty Sombo a several cen t imete rs th ick lensl ike seam of 
manganese ore w a s f o u n d unde r ly ing t h e clayey overburden . Th i s r e -
s idual m a n g a n e s e concent ra t ion is of theoret ica l i n t e r e s t only. 

In genera l t h e Mai G u d o ore can be descr ibed as most ly unclean and 
more or less breccious w i t h a d m i x t u r e s of w e a t h e r e d rocks. It consists 
of h y d r a t e d oxides of i ron in all var ie t ies f r o m b r o w n h y d r o h e m a t i t e on 
one side to h igh porous ochre of e a r t hy n a t u r e on t h e o ther side. The 
s ame passes f o r m a n g a n e s e ore wh ich exhib i t s s talact i t ic a n d spongy 
masses, b u t also e a r t h y w a d of h igh porosi ty can b e o f t e n observed. 

A n a l y s e s . Fo r Melka Sedi and Dombova ore twe lve chip and 
channe l samples h a v e been analysed by K R U P P (1956), indica t ing t h e 
ave rage i ron conten t about 40 °/o. T h e average m a n g a n e s e contents f o r 
Melka Sedi iz 8,6 °/o a n d f o r Dombova 3,8 %». Phosphorus and su lphu r 
r a n g e abou t 0,03 % and silica be tween 6 and 17 °/o. 

Severa l chip samples f r o m d i f f e r en t localities w e r e analysed also in 
the Chemical l abo ra to ry of t h e Minis t ry of mines. T h e samples did no t 
r ep re sen t t h e ave rage of t he exist ing ore b u t r a t h e r re la t ively r ich ore 
w a s t aken . The resu l t s a r e shown in Tab le 4 (in percent ) : 

Table 4 4. tabela 

Locality Fe Mn Si0 2 AI2O3 Remarque 

Ilche 37,9 0,3 36,0 4,7 Siliceous ore 
Kurkure 45,0 1,64 20,0 3,15 Rich compact ore 
Aebdcha I 45,6 tr. 21,9 1,0 Siliceous breccious ore 
Aebicha II 34,8 0,1 41,0 0,0 Unclean breccious ore 
Sunaro 58,8 0,3 3,5 0,0 Clean compact ore 
Sombo 7,7 44,5 5,4 2,7 Rich manganese ore 

The microscopic examina t ion of polished sections of ore specimens 
reveals t h e porous t e x t u r e of l imoni t ic ore composed of goethi te p r e -
vai l ingly. T h e a d m i x t u r e s of impur i t i e s a re o f t en (PI. I l l , Fig. 1.). Psi lo-



melane occurs int imately intergrown wi th iron oxide but also in fo rm 
of f ine banding. 

Microscopic examination of the country rock reveals no mafic pheno-
crysts in hollocrystalline porphyri t ic rock. Minute maf ic components are 
disseminated in the ma t r ix only. Decomposition begins in the mat r ix 
which get to be impregnated by yellowish pigment. The limonitic products 
fill u p also the cleavages in sanidine phenocrysts, which get to change 
to products of kaolinization. 

O r i g i n . Genetically the accumulation of iron and manganese can 
be explained through principles of supergene mineralogy of both 
elements. The mineralization is the result of chemical weather ing of the 
country rock. I ron and manganese have been leached out of maf ic 
minerals in the f ine-grained mat r ix and precipitated more of less in situ, 
having accumulated in residuals and di f ferent openings in the rock where 
iron and manganese-bear ing solutions have penetrated. Silica, alkalies 
and alkal ine ea r ths have been removed in solution and carr ied away. 
There is no doubt on the descending origin of the solutions. Also the 
morphology and the superficial character of the occurrences reveal a 
secondary enr ichment only. 

I ron and manganese might have originated par t ly perhaps also f rom 
more basic rocks the presence of which is indicated in the area. However, 
the percentage of i ron and manganese in acid rocks is low. Economically 
impor tant iron ores of this genetical type are normal ly bound to more 
basic rocks. 

R e s e r v e s . Regarding the reserves Melka Sedi and Dombova 
deserve limited at tent ion only. At both localities the quant i ty of useful 
compact ore does not exceed 20 °/o of the volume of the layers of altered 
ochreous decomposed rocks prevailingly. Hence the measured reserves of 
compact o re have been calculated to 65 000 tons for Melka Sedi and 
12 000 tons for Dombova, having an average of about 40 % of iron and 
several percents of manganese. The additional inferred tonnages could 
be est imated to 25 000 tons only. From the point of view of smelting 
indust ry the reserves as indicated above have a very limited significance. 
An addit ional unfavourable factor regarding the mining is high compact 
ore — to — waste ratio, ranging about 1: 5. 

For all other localities the conclusion is due, tha t no reserves of 
economic importance were detected and can also not be expected. Taking 
into consideration also t h e t ranspor ta t ion diff icult ies the reserves of 
Mai Gudo have very small economic importance for the t ime being. 

E n t o t o 

Entoto hill several kilometers nor th of Addis Ababa is known for 
a long t ime to yield iron ore. Old trenches and overgrown pits give 
evidence of former mining activity. Small isolate lenses and veinlike 
accumulations of hard limonitic ore are exploited in very reduced scale 
presently to meet local requi rement of the Akaki smelting factory. The 
ore is used as extra-charge to the scrap iron. 



PL I, Fig. 1. Koree ore; — oil immers ion , 600 X. Mar t i t ized magne t i t e (m), 
l imoni te (1) in cracks a n d smal l gra ins of su lph ide (s) 

[. tab., 1. si. R u d a Korree ; — o l jna imerz., 600 X. Mart r t iz i ran magne t i t 
(m) z l imoni tom (1) v razpokah in d robn imi zrni su l f ida (s) 

PI. I, Fig. 2. Dongollo basso ore ; -— oil immers ion , 135 X. Granoblas l ic agregate 
of par t ly mar t i t i zed magne t i t e in q u a r t z m a t r i x 

I. tab., 2. si. Ruda Dongollo basso; — o l j n a imerz. , 135 X. Granoblas t ičen agrega t 
de lno mar t i t i z i r anega magne t i t a v osnovi k r e m e n a 



PI. II, Fig. 1. G u m h o d ore; — oil immers ion , 600 X. Mart i t ized magne t i t e (m) 
wi th smal l gra ins of chalcopyr i te (ch) and malachi te (ml) 

II. tab., 1. si. R u d a G u m h o d ; — o l jna imerz., 600 X. Mart i t iz i ran magne t i t (m) 
z d robn imi zrni ha lkop i r i t a (ch) te r ma lah i tom (ml) 

PI. II., Fig. 2. A g a m e t t a lore; — thin section, 40 X. S k a r n ore : magne t i t e (m), 
ga rne t (g), ep idote (ep) a n d qua r t z (q) 

II. tab., 2. si. R u d a A g a m e t t a ; — zbrusek, 40 X. Ska rnova ruda : magne t i t (m), 
g r a n a t (g), epidot (ep) in k remen (q) 



PL III., Fig. 1. Mai Gudo ore ; — oil immers ion, 135 X. Porous i m p u r e l imonit ic 
o r e 

III. tab., 1. si. Ruda Mai Gudo ; — o l jna imerz., 135 X. Porozna nečista l imoni tna 
r u d a 

PI. III., Fig. 2. G h e d e m ore ; — oil immers ion , 135 X. Zonal t ex tu re of ore, 
consist ing of a l t e rna t ing bands of iron ox ide (g), m a n g a n e s e ox ide (m), silica (s) 

a n d calci te (c) 
III. tab., 2. si. R u d a G h e d e m ; — o l j n a imerz., 135 X. Oana rno s t r u k t u r i r a n a r u d a 
sestoji iz izmeničnih pasov železovega oxida (g), manganovega oxida (m), 

k remenice (s) in kalc i ta (c) 



PL IV., Fig. 1. G h e d e m ore ; — oil immers ion , crossed nicols, 135 X. Fine-crys ta l -
l ine agrega te of pyrolus i te 

IV. tab., 1. si. R u d a G h e d e m ; — o l j n a imerz., navzkr ižni nikioli, 135 X. Drobno 
kr i s ta las t agrega t p i roluzi ta 

PI. IV., Fig. 2. Enka fe l a ore ; — oil immers ion, 135 X. Psdlomelane (p) a n d 
needleshaped hol landi te (h) 

IV. tab., 2. si. R u d a E n k a f e l a ; — ol jna imerz., 135 X. Ps i lomelan (p) in iglicast 
ho landi t (h) 



The Entoto mounta in is buil t up of trachytic-rhyoli t ic rocks pre-
vailingly. The ore occurrences a re known on the southern slope of 
St. Raquel church's hill. The rocks a re al tered and decomposed on the 
surface and residual soil is accumulated in thick cover locally. The 
limonitic ore is found as fillings of f rac tures and cracks in the weathered 
rocks or as small isolated inclusions in decomposed rock. The ore is 
compact, glassy l imonite prevailingly bu t sometimes soft and banded 
ochreous par t s can be found too. The wid th of "veins" is several deci-
meters a t t he maximum. 

The origin of the ore is due to the leaching of iron by rain wate r 
dur ing t he weather ing of country rock. Other leached components were 
carried away but i ron precipitated in f rac tu res and other openings in t he 
reek. The colloidal fe r r ic hydroxide ha rdens subsequent ly in to amorphous 
glassy l imonite wi th more or less obviously banded texture . 

The estimation of reserves is difficult . The quant i ty , however, can 
be expected very small and no economic importance might be a t t r ibuted 
to the locality for the t ime being. On the other hand an accurate search 
of the whole mounta inous complex would possibly reveal several new 
ore concentrations, however, of limited dimensions. The reserves of in-
fe r red ore can be est imated not exceeding several thousands of tons only. 
Nevertheless, the t ranpor ta t ion si tuation of this area is favourable and 
a smelter is near . 

A i r a — Y u b d o 

In the Aira-Yubdo area in Wollega volcanic Trap series overlays the 
pre-Cambr ian metamorphic rocks. The volcanic cover is relatively th in 
and reduced par t ly only to the tops of the hills. The rocks a re largely 
composed of olivine-basalt . Along t he border of the T r a p capping t he 
presence of thin layers of fer r i ferous rocks of oolitic and spongy t ex tu re 
is evident on m a n y places in the volcanics' marginal zone. Near Aira 
Mission the fe r r i fe rous rocks are composed of quar tz sandstone and 
conglomerate wi tch limonitic cement. At t h e magnet i te occurrence n e a r 
Yubdo an oolitic l imonitic layer can be observed in t he basis of t he 
basaltic cover overlying the metamorphic schists. 

Genetically the mineralization is a residual concentration of supergene 
iron oxides. The pre-Trapean residue, having resulted f r o m the weather ing 
of the basemnt rocks, was hardened by limonitic cement. The iron was 
dissolved by meteoric waters out of the basaltic rocks dur ing the de-
composition. The solutions percolated down and inf i l t ra ted the underlying 
residuals or other clastic rocks, having found a favourable place for the 
precipi tat ion and deposition of dissolved minerals, and t ransforming 
them in oolitic and spongy fer ruginous rocks. I t is obvious tha t silica was 
leached and t ranspor ted too due to t he ferric-siliceous character of the 
existing ore. 

In this way also the long discussed "birbiri te", a special spongy 
ferric-siliceous rock known f rom Yubdo p la t inum deposit, might be 
explained as limonitized and silicified former lateri t ic crust of ul t rabasic 
rocks which, however, contain p la t inum too. An addit ionnal proof for 
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this explanation is the fact tha t "birbir i te" can be found prevailingly 
along the western border of ultrabasic mass where it is still more or less 
in contact with basaltic cover. 

Sands and gravel near Aira Mission may have originated as young 
lacustr ine sediments deposited before the extrusions took place. Porous 
clastic sediments were cemented subsequently by ferr ic oxides t ransported 
in solutions f rom the overlying volcanic rocks ( H a m r l a , 1963). 

The observed phenomenon of iron accumulation in the marginal zone 
along the volcanic capping occurs surely also on other places, where the 
geological conditions are favourable. The residual limonitic concentrations 
occurring in this way may be of theoretical interest only. At least in the 
Aira-Yubdo area the conditions as observed do not allow any hope for 
depositions of commercial value. 

Ferruginous siliceous rocks as sourcc of iron 

H a m a s e n 

G e n e r a l . The large occurrences of low-grade iron ore of residual 
type exist in Eri t rea in the waste area south of Asmara, known by 
regional names Hamasen and Serae. Also there the natives smelted the 
ore to prepare the utensils and weapons. There is some descriptive in-
format ion about the deposits of "nodular l imonite" scattered in the waste 
area south of Asmara and also on other places in Tigre province. 
D a i n e l l i (1943) described t he phenomenon and la ter U s o n i (1952) 
gave detailed informat ion on the results of explorations carried out 
part icularly dur ing 1930/31. According to the Italian investigator T i s s i 
the ore might extend on a large surface, and the thicknesses of layer 
are reported between 0,15 m and 0,6 m only. 

Geologically this par t of Er i t rean high plateau is built up by schistose 
rocks of pre-Cambr ian age overlain by volcanic capping. The pre-
Cambrian surface was erroded to a peneplain before the Triassic t rans-
gression took place. The subsequent denudation removed the greatest par t 
of the uncomformably overlying Triassic and Jurassic sediments before 
the Ter t iary volcanic cover spread over the weathered surface of the 
basement complex. 

The pre-Cambrian rocks of this area are predominant ly phyllites, 
chlorite-schist and sericite-mica-schist s treaking generally NNE—SSW, 
and containing gold-bearing quar tz reefs. Grani te bosses crop out at 
several places. The volcanics are built up by basalts, t rachytes and 
rhyolites. 

D e s c r i p t i o n . The concentration of iron oxides is connected to 
the zone of alteration on the old levelled surface of the schistose pre-
Cambrian rocks. The reddish layers of fer r i ferous rocks are to be seen 
everywhere, where the errosion removed or cut the basaltic covering. 
The largest areas of exposed reddish ferr i ferous rocks extend in the 
surroundings of Mar iam Sambel just westwards of the new airport of 



Fig. 13. Sca t te red pebbles of low-grade iron ore a t M a r i a m Sambel 
SI. 13. Razmetan i kosi n izkoprocentne železove r u d e pri M a r i a m Sambel 

Asmara (Fig. 13.), and westwards of Schicceti on the Asmara-Adi Ugri 
road. There are many additional more or less exposed occurrences along 
the whole margin of volcanic capping, and isolated islands occur on the 
basement where the volcanic cover was already removed. 

The approximate situation of the iron-bearing localities is given 
in the enclosed sketch (Fig. 14.). 

At Mariam Sambel low-grade iron ore can be found on a surface of 
about 3 sq. km. It is compact with a nodular and breccious appearance. 
The thickness of existing layer is difficult to estimate but it is thought 
to reach several meters at maximum. The limonitic-hematitic ore is low-
grade by appearance and should contain a relatively great percentage 
of silica. 

Near Schicceti between the highway and the river Mareb there are 
large surfaces covered by reddish ferruginous products confined to the 
contact zone between the basement complex and overlying volcanics. The 
oxidized and secondary enriched ferruginous zone shows an obvious 
schistosity and represents the upper weathered part of the basement 
rocks, consisting locally of ferruginous and other schists (Fig. 15.). Ir-
regular or lenslike inclusions of white siliceous staff are not seldom and 
might result from the precipitation of leached silica. The highest part 
of the secondary enriched zone is a breccious brownish-reddish rock of 
nodular and spongy appearance, similar to ferruginous concentrations 
observed by the author in Wollega and described above. 



Fig. 14. Provisional geological sketch map of Hamasen. (After L. U s o n i ) 
SI. 14. Približna geološka skica Hamasena. (Po L. U s o n i j u) 



There are many other localities in this region where the occurrences 
of iron oxides appear in the altered weathering zone immediately on the 
surface of crystalline basement rocks. 

In general, the ore appears mostly unclean, breccious and schistose 
textured, cemented with reddish cement. It consists of weathered rock and 
iron oxides and hydroxides. The passages from ferriferous concentrations 
to the schistose basement rocks can be observed especially in the lowest 
part of the layer. 

Fig. 15. Schistose low-grade iron ore wi th q u a r t z inclusions nea r Schicceti 

SI. 15. Sbr i l ava n izkoprocentna železiova r u d a z vk l jučk i k r e m e n a blizu 
Schicceti j a 

Analyses. As to the percentage of iron the low-grade ore con-
tains there are large variations estimated visually to range between 
5 and 6 °/o but averaging rather low. For the time being the data of 
several chemical analyses given by U s o n i (1952) are available only. 
The iron contents is reported to vary between 30 and 56 % and silica 
13 to 18 %>, averaging accordingly to 40 % of iron and 16 % of silica. 
The contents of other admixtures like phosphorus and sulphur is very 
low. These values can be accepted as a rough orientation only because 
no garanty exists on the correctness and precision of sampling and 
analysing performed. The visual estimation of an average percentage 
of metal in the ore is much lower. It is possible, however, that parts in 
the mineralized zone exist which might yield a higher average in iron. 

Origin. The supergene enrichment of iron is due to the weathering 
of the pre-Cambrian basement rocks in the period of emersion before 



the lawa f lows dispersed over the peneplained and levelled surface. 
According to M o h r (1961) t h e age of wea ther ing and decomposition 
can be dated as belonging to t h e Por t landien-Eocene interval . The 
basement rocks w e r e oxidated and leached dur ing tha t in terva l and t he 
r a in -wa te r removed d i f fe ren t const i tuents of t he rocks o ther t h a n iron 
which remained a n d enriched in situ. The aspect of t he mineral ized 
layers is t h u s an argilaceous and breccious. A pa r t of supergene i ron 
could be leached also out of t he overlying basalt ic capping and a f te r 
percolat ing the f r ac tu res and cracks i t precipi tated and accumulated in 
t he upper p a r t of the wea thered and decomposed basement rock. 

R e s e r v e s . According U s o n i (1952) T i s s i examined the de-
posits in 1931 by 219 shallow pits and trenches. He est imated the total 
reserve of low-grade iron ore might be about 15 million tons, a half 
of this tonnage being situated in the immediate surroundings of Asmara . 
Supposing the continuity of the fer r i ferous deposit under the volcanics, 
T i s s i est imated the inferred reserves to 200 million tons. 

Nothing more defini te is possible to say about the reserves existing 
in this area as well as t he quant i ty of ore wi th a sat isfactory chemical 
composition for the t ime being. I t could be expected tha t several tens 
of million tons of ore might be potentially important regarding the 
qual i ty as well as other factors influencing the eventual exploitation. 
Anyhow, the deposits mus t be regarded as a potential second- or th i rd-
order source due to the low contents of metal. Regarding the t rans-
portat ion facilities the i r situation is good. The f u t u r e of these deposits 
might be perhaps in blending wi th high-grade ores. 

To asses t he existing ore detailed exploration is necessary. It is 
being carried out by the Ministry of mines fo r the t ime being in order 
to detect richer and thicker par t s of the layers. 

T i g r e 

Many explorers observed the fer r i ferous lateri t ic format ions in Tigre 
province and reported upon the existence of iron deposits. An old pr i-
mit ive exploitation on a small scale as well as smelting fo r local require-
ments is known in d i f fe rent par t s of the province. Qui te exhaust ive 
description of these and Eri t rean deposits is summarized by D a i n e l l i 
(1943). U s o n i gives some general informat ion concerning the most 
impor tant localities between Adua, A x u m and Enticcio ( U s o n i , 1952). 
The iron occurrences are reported to be "fer r i ferous la ter i tes" similar 
to those in Eritrea, and connected to the basement rocks as well as to 
the Mesozoic format ions of Adigrat and Upper sandstones. The interest ing 
appearance of nodular and pisolitic l imonite concentrations is known to 
exist at many of those places where clastic sandstones crop out. M e r 1 a 
and M i n u c c i give some detail on mineralization indicating tha t the 
prevail ing limonitic "lateri t ic crust" has a thickness of 5 to 6 m at 
maximum, but the weathered zone of the sandstones is much thicker 
(M e r 1 a , M i n u c c i , 1938). According to V i l l a m i n a r the grade 
of metal averages about 45 °/o ( M u r d o c k , 1960). 



As to the genesis of iron accumulation M e r l a and M i n u c c i 
considered it as a resul t of laterit ization of sandstones dur ing the pene-
plainat ion which preceeded t h e Trappean erupt ions ( M e r l a , M i -
n u c c i , 1938). The ferruginous cement of sandstones might be of pr i -
mary authigene origin. On the other hand, D a i n e l l i considered the 
presence of the opaline-limonitic sediments as to have been t ranspor ted 
in t he Uper Jurass ic or Cretaceous period f r o m the lateri t ized emerged 
basement rocks and sedimented in the sea ( D a i n e l l i , 1943). 

According to M o h r (1961) there is obvious evidence of the lateri t ic 
weather ing on the top of Upper sandstone. The lateri t ic crust found in 
Eri t rea upon the basement complex passes f u r t he r south into the sand-
stone formations. The al terat ion takes the form of a limonitic enr ichment 
of t he topmost s t ra ta to a depth of some ten meters. 

I t is probable tha t the enr ichment of iron might be locally sufficient 
to f o r m an economic iron-ore deposit. No f igures for the reserves are 
known, bu t it can be expected tha t perhaps several million tons of low-
grade ore might be available. 

O t h e r r e s i d u a l o c c u r r e n c e s 

The phenomenon of iron concentration as described above for d i f -
fe ren t more known localities occurs in the whole region of the Ethiopian 
plateau where similar petrographic, morphologic and climatic conditions 
exist being in general convenient for leaching and t ranspor ta t ion of 
i r o n ' a n d its accumulat ion ei ther in residual lateri t ic soil or other 
favourable environment . 

There is some informat ion on local i ron ore occurrences a t d i f fe rent 
localities of Ethiopia, bu t t he details are ra ther limited and u p to now 
no one of them deserved larger interest regarding the economic im-
portance. D a i n e l l i (1943) gives an overlook of f ind-spots of ore and 
these localities are indicated or described many t imes in several other 
reports . 

Residual deposits a re known f r o m Beghemder west of Tana lake and 
nor th of Gondar as well as near the town itself. The occurrences are 
reported f r o m Goj j am some 100 k m nor th of Debra Marcos, and f rom 
Ankober in Shoa. A small lateri t ic-infi l trat ion type occurrence is re-
ported to exist near Yavello in Sidamo province (M u r d o c k , 1960). 

To the same type belong probably the occurrences reported to exist 
a t Maj i and G u r r a f a r d a in K a f f a province. 

4. Hydro thermal type 

G h e d e m 

G e n e r a l . The sole more impor tan t known deposit of hydrothermal 
origin is si tuated some 7 k m southeast of Massaua, occupying the ex t reme 
nor thern par t of t he Ghedem mountain. The deposit was visited and 
explored many t imes in t he past as described by U s o n i (1952), who 



summarized all what was knovn about it. The main exploration and 
exploitation of the ore took place immediately before the War II. Several 
trenches, pits and bore-holes were executed and a limited tonnage of 
ore was exported to Italy. 

There was no certainity about the origin of this iron and also man-
ganese accumulation and M o h r even in 1961 ranged the deposit as a 
probably pre-Cambian sedimentary one. In 1963 preliminary prospection 
and studies were carried out by the Ministry of mines (H a m r 1 a , 1963). 
Early in 1964 the deposit was searched geologically and geophysically by 
the Yugoslav RUDIS company on behalf of the Ministry of mines in 
order to establish definitely its eventual economic signification. 

The mineralizations are located on a hill confined on three sides 
by dislocations and surrounded by alluvial sands and gravels. The pre-
vailing direction of the faults is about 30° and the dip is more or less 
vertical but dislocations run also about 150°. Here and there along the 
borders of the hill the slickenside fault surfaces can be clearly seen with 
traces of oblique movements. The faults are accompanied by tectonic 
breccias. The main ore bodies are bound to these dislocation (Fig. 16.). 

The area is built by metamorphic crystalline rocks. Micaceous and 
gneissic schistose rocks prevail, dipping generally 75° to 80° west. Pegma-
titic veins and dikes in various directions are often. Greenish porphyry 
rocks appear at some parts of the hill. Gray-black crystalline carbonate 
rock appears along the borders of the hill following the main tectonic 
directions. It forms elongated ridges like dikes on the hill and it fills 
the cracks and fissures in pegmatites and other rocks, being directly 

Fig. 16. Ore body No. 3 a long the to r r en t G h e d e m 
SI. 16. R u d n o telo št. 3 vzdolž hudourn ika Ghedem 



Fig. 17. Provisional geological sketch map of Ghedem deposit 
SI. 17. Približna geološka skica nahajal išča Ghedem 

connected w i t h i r o n a n d m a n g a n e s e minera l i za t ion (Fig. 17.). C a r b o n a t e 
g a n g u e a l t e r n a t e w i t h i ron a n d m a n g a n e s e ox ides in bands , ind ica t ing in 
t h i s w a y t h e obvious gene t i c connect ion . 

D e s c r i p t i o n . T h e m a i n ore bodies a p p e a r al long t h e b o r d e r s 
of t h e hi l l in f o r m of lens l ike outcrops , h a v i n g a n a v e r a g e l engh t of 
seve ra l t en m e t e r s a n d t h i cknes s of severa l m e t e r s only. T h e best exposed 
ou tc rops a r e s i tua ted a long t h e t o r r e n t G h e d e m d u e to i ts e r ros ive 
act ivi ty . M a n y smal l e r o re ou tc rops a r e occur r ing in t h e s o u t h e r n p a r t 
of t h e hill, a ccompan ied b y ca lcareous g a n g u e w h i c h includes m o r e or 
less of m e t a l ox ides as i nc rus t a t i ons or inclusions. 

I ron ore is l i m o n i t e p reva i l ing ly , h a v i n g a po rous a n d spongy t e x t u r e . 
T h e brecc ious o re is composed of pa r t i c l e s of c o u n t r y rock, c e m e n t e d b y 
i ron a n d m a n g a n e s e oxides. M a n g a n e s e o re a p p e a r s gene ra l ly f i n e - b a n d e d 
m a m m i l l a r y or as crusts , be ing i n t ima te ly m i x e d a n d i n t e r g r o w n w i t h 



iron oxide. The ore is generally composed of both iron and manganese 
oxides. 

The main ore body, a par t of which is already removed by excava-
tions, shows visible dimensions 75 m by 15 m by 5 m approximately. The 
porous limonitic ore seems to be crushed and mylonitized and subsequent-
ly cemented again wi th iron oxides. In the vicinity of the ore body many 
thin veins of ore intersect the adjacent country rocks. 

The visible dimensions of the other ore outcrops are smaller. The ore 
is in general more breccious and impure wi th increased contents of 
manganese. The breccious t ex tu re gives obvious evidence of a tectonically 
effected mineralized zone. Blackish manganiferous limestone everywhere 
accompanies the ore. The separation of the ore outcrops on the western 
side of the hill along the torrent Ghedem was thought to be due to 
errosion, but this hope was disproved by RUDIS' survey in 1964. 

On the southern pa r t of the hill several mineralized limonitic zones 
and small ore outcrops can be observed at many places. No traces of 
exploitation can be seen there. 

On the nor th-eas tern border of the hill there are two outcrops of ore 
which have been mined in the past. The ore is breccious and manganese 
oxides prevail. Also this border is obviously tectonically effected and 
f r agmen t s of ore can b e found intermingled wi th slope-rubble. 

A n a l y s e s . All transit ions between calcareous waste and rich either 
iron or manganese ore can be observed in the field. The results of 
analyses of several chip samples of ore and of two average samples of ore 
shipped in 1940 to I taly are given by U s o n i (1952). The chemical 
composition of Ghedem ore might result accordingly as follows (in 
percent): 

Fe about 54 S 0,055 to 0,13 
SiO., about 12 P 0,027 to 0,04 
Mn" 0,2 to 0,45 

This quality, however, can not be expected as an average one because 
the ore f r o m diverse outcrops di f fers in grea t ex tent due to the vary ing 
mineralogical composition and admixtures of impurities. The iron ore 
— to — manganese ore ra t io might be in general about 18: 1 relat ing 
to the Italian sources (U s o n i , 1952). 

No new chemical analyses of ore are available presently. The car-
bonate gangue was chemically examined only in order to clear its com-
position which is the following (in percent): 

CaC0 3 94,0 SiO, 0,3 
Fe„03 1,86 S 0,00 
A L A 1,64 Mg 0,00 
MnO 3,1 

The admixtures of manganese oxides cause the black colour of the 
carbonate rock. Besides the calcite the elongate shaped crystals would 
point to aragonite. 



Microscopic examinat ion of the ore reveals the prevailing concentric 
t ex tu re of oxidic minerals in fo rm of f ine curved bands and zones (PI. Il l , 
Fig. 2.). Radial crystallization is common, and the f ibrous radially ar ranged 
agregates wi th long axes normal to the bands show continuous transi t ion 
through bands and zones wi th f ine needle-shaped f r e e surfaces. 

Goethite is the prevail ing iron mineral . Bandlike ochreous inclusions 
seems to be replaced by goethite. Manganese oxides are represented by 
f ine-grained psilomelane and f ine f ibrous pyrolusite (PI. IV, Fig. 1.). Some 
yellow bands might belong to hollandite. Small f l aky inclusions of 
pyrolusite are found in goethite. Silica occurs in fo rm of i r regular 
cryptocrystall ine masses and a l te rnates in bands wi th o ther oxides. I t 
contains more or less f ine dispersed oxides and forms a jasper-l ike cher ty 
rock. Calcite is present in relatively big crystals and never as f ine 
banding. Small i r regular inclusions of manganese oxides are always 
present in it. More "generat ions" of iron and manganese oxides are 
evident. 

O r i g i n . The accumulations of iron and manganese oxides, accom-
panied by gell quar tz and carbonate gangue, have originated f r o m thermal 
solutions. The mineralization might be classified as epi thermal or ra ther 
hot-spring deposition and was caused by a relative young thermal cycle. 
The deposition took place as filling of holes and cavities along the 
dislocations, cementing t he technica l ly crushed zones under t he format ion 
of breccious ore. There is no doubt of an ascendent character of the 
solutions which mus t h a v e been loaded wi th C0 2 . About t he origin of 
these acid solutions nothing can be said wi th certainty. They were very 
probably bound to the young (Pliocene or Pleistocene) volcanic activity 
in the region, being ei ther of juvenile or surface provenience as ascending 
heated meteoric waters . 

The a l ternat ing bands of d i f fe rent oxides were caused by variat ions 
of physico-chemical conditions dur ing t he precipitation. The f ine banding 
is, however , normal ly t he proof of deposition in a colloidal state. The 
zonal s t ructures observed develop mostly by minerals of supergene origin 
which are deposited as al terat ion products f rom cold aqueous solutions. 
Such textures, however, a re found also in hypogene minerals and i ron 
and manganese oxides are known to originate also as hydro thermal low-
tempera tu re products. 

As to the mechanism of precipitation the constituents might have 
been t ranspor ted in molecular solutions as bicarbonates, and a f te r oxida-
tion t ransformed par t ly to more stable colloidal state and precipitated as 
gels. Carbonate crystallized probably f r o m bicarbonate solution. Other 
components precipitated subsequently as gels and acquired later more or 
less expressed crystallinity. 

I t can be assumed tha t the acid solutions percolated the deeper 
par ts of the ear th ' s crust, having leached iron, manganese, silica and 
calcium out of d i f fe rent rocks of metamorphic basement series. Another 
possibility is the solutions are derivatives of a magmatic source. 



R e s e r v e s . According to U s o n i the reserves of ore were esti-
mated in the years before t he War II by T a z z e r who calculated the 
visible par t to 80 000 tons, the probable one to 32 000 tons, and the 
possible one to 540 000 tons. M i n u c c i estimated the visible tonnage 
to 85 000 tons, and the possible one to 265 000 tons (U s o n i , 1952). 

On the basis of recalculation of reserves in the field the conclusion 
can be made tha t the visible par t of the outcrops amounts to about 
36 000 tons. Some additional 40 000 tons of possible ore may exist in the 
immediate prolongation of the outcrops to the depth. According to the 
type and fo rm of the deposit some hundreds of thousand tons might be 
additionally considered as inferred possible tonnage ( H a m r l a , 1963). 
These f igures practically coincide with those given by Italians. The 
deposit has to be classified accordingly as a very small one. Altogether 
about 30 000 tons of ore have been excavated only ( U s o n i , 1952). 

The RUDI S' es t imate of the total quant i ty of ore is about 650 000 tons, 
and it should be considered as possible reserve only. 

The prospection of the surroundings of Ghedem, carried out in the 
season 1963 by the Ministry of mines, did not f ind any additional mi -
neralizations of the same type. 

C h i l a c h i k i n 

According to KRUPP's report (1964) the Chilachikin iron ore occur-
rence is s i tuated near the Asmara-Gondar road, about 30 km southeast 
of Enda Selassie and some 270 k m f rom Asmara. The area is composed 
of pre-Cambrian phyllites and sericite-schists, t raversed by numerous 
young quar tz veins which in a f ew cases show marginal iron minerali-
zations. Mesosoic sandstones fo rm isolate cappings on the tops of hil ls and 
mountains. 

No informat ion is available of any former investigation in this area. 
K R U P P executed several trenches which exposed quar tz veins in schistose 
rocks. The thicknesses of the veins are between 0,1 m and 0,5 m, but 
in many cases under 0,1 m. The 1,5 m thick quartz vein is marginally 
mineralized wi th coarse-grained hemati te , the width of mineralized band 
being 5 cm or about 5 % of volume only. 

The iron mineral is specular hemati te. I ts connection to quar tz veins 
can be interpreted as apparent ly ka ta the rmal derivative of a magmatic 
source. Veins of this kind are rarely of economic importance, and also 
this occurrence is interesting f r o m a mineralogical point of view only. 

As much as it is known until now there are very few iron ore 
occurences in the country formed by ascending solutions. U s o n i guesses 
some iron ores connected to quar tz gangue at Agame region could be of 
hydrothermal origin (U s o n i , 1952). There are no other data available 
on the existence of other hydrothermal iron ore occurrences in Ethiopia 
and this genetical type is un impor tan t as potential source of iron ore. 



5. Magmatic type 

T h e r e a re n o precise d a t a avai lable r e fe r ing to t h e i ron ore occur ren-
ces of m a g m a t i c origin. The suspect ion t ha t i ron ores of m a g m a t i c origin 
m i g h t exist in t h e coun t ry is d u e to a sample of g r a n u l a r magne t i t i c ore 
g a t h e r e d d u r i n g t h e prospect ing campa ign in 1963 in t h e a rea n o r t h of 
Ne jo in Wollega ( H a m r l a , 1963). 

T h e microscopic examina t ion of ore specimen revealed a g r a n u l a r 
i n t e rg rowth of a l lo t r iomorphic m a g n e t i t e a n d i lmeni te w i t h an idio-
m o r p h i c axia l minera l , be longing p robab ly t o t h e g r o u p of or thopyroxenes , 
a n d a m o u n t i n g t o abou t 5 0 % by volume. Magne t i t e shows the in i t ia l 
mar t i t i za t ion . T h e composit ion of ore sample is 39 % of iron, 5,9 % of 
t i t a n i u m beside silica a n d a smal l pe rcen tage of magnes ia . 

This o re m i g h t b e a p roduc t of m a g m a t i c crystal l izat ion d i f f e r en -
t ia t ion. No o ther da ta a re avai lable fo r t h e t ime being. The f ind-spo t w a s 
n o t ye t examined a n d the geologic f e a t u r e of t h e occurrence is no t 
ye t k n o w n . 

MANGANESE 

1. Residual concentration type 

All k n o w n res idua l occurrences of manganese a re bound to the con-
cen t ra t ions of supergene i ron oxides descr ibed above. I t is wel l k n o w n 
t h a t m a n g a n e s e is v e r y s imilar in behav iour of t r anspor t a t ion and p r e -
cipi ta t ion to i ron. In supergene deposi ts t h e y a re no rma l ly bo th f o u n d 
toge ther . Manganese can b e easier r emoved in solution in compar ison 
w i t h i ron, b u t it does no t p rec ip i ta te as easy as i ron. T h e m a n g a n e s e 
hydrox ides a r e normal ly deposi ted as gels f r o m colloidal solutions and 
sol id i fy a s ps i lomelane. T h e y u n d e r g o subsequen t ly f u r t h e r dehydra t ion 
a n d crystal l ize as pyro lus i te wh ich acquires more or less expressed crys ta l -
l in i ty a n d exhib i t s r ad ia l t ex tu re . 

T h e accumula t ions of m a n g a n e s e oxides in descr ibed res idua l i ron 
deposi ts h a v e no economic impor tance . In Mai G u d o area manganese 
oxides a re closestly connected to i ron oxides as inclusions or in tergrowings . 
Local concent ra t ion of manganese ore w a s f o u n d a t t h e locali ty Sombo 
in f o r m of severa l cen t imete rs th ick len t icu lar ore seam, t h e composit ion 
of wh ich is given in Table 4. 

Mineralogically, ps i lomelane in col loform b a n d i n g a n d zoning prevai ls 
and ea r t hy w a d is common too. 

In general , t he contents of m a n g a n e s e in Mai Gudo i ron ore ranges 
f r o m 4 to 1 2 % . The condit ions f o r fo rma t ion of r icher and la rger de -
posi t ions w e r e n o t f a v o u r a b l e in th i s area , because t h e content of 
m a n g a n e s e in t rachyt ic - rhyol i t ic rocks is to smal l to give r ise to m o r e 
i m p o r t a n t res idual m a n g a n e s e concentra t ions . 

S imi l a r smal l a n d scarce accumula t ions of supe rgene m a n g a n e s e 
minera l s a r e k n o w n f r o m d i f f e r en t o ther places, and the i r f o r m a t i o n is 
due to t h e w e a t h e r i n g p h e n o m e n o n of volcanic rocks. 



2. Hydrothermal type 

The only occurrence of manganese ore of hydrothermal origin is 
known at Ghedem. The geological side of the deposit is described above. 
Manganese oxides in fo rm of psi lomelane and pyrolusite occour in general 
closestly connected to iron oxides, forming colloform textured ore of 
al ternat ing bands and zones or as incrustations within breccias and car-
bonate waste. Manganese oxides are fine-crystall ine prevailingly (PI. IV, 
Fig. 1.). The black colour of the accompanying manganiferous calcstone 
is due to the f ine admixtures of manganese oxides which a re displaced in 
calcite crystals following the rhomboeder directions, but also among 
calcite grains. 

The prevailing manganese ore occurs along the nor th-eastern border 
of the hill, as evidenced in several outcrops or trenches. The contents of 
manganese in this ore might be about 40 °/o. The rich manganese ore was 
exploited separately in the past, and there is still a quant i ty of about 
800 tons stored in piles near the working places for the t ime being. 

The mineralization can be explained by a young thermal cycle, having 
originated either f rom leaching of deep-lying rocks or f rom solutions 
of magmat ic origin. There are outcrops of more of less manganiferous 
ore or ferruginous manganese ore or even pure manganese ore. This 
very pronounced and quick change in the composition of ore regarding 
the contents of oxides as well as carbonate gangue could be explained 
by very unstable physico-chemical conditions of deposit 's formation. 

The reserves of manganese ore f rom Ghedem can be est imated to 
about 4000 tons of visible and probable ore. The inferred tonnage could 
be expected to reach some tens of thousand tons at maximum. 

3. Sedimentary type 

E n k a f e l a 

G e n e r a l . Enkafela is the only known manganese ore deposit of 
sedimentary origin. The locality is si tuated about 20 k m southwest of 
Dallol on the border of the Salt plain in the Danaki l depression, and was 
discovered incidentally several years ago. A prospection licence and lease 
for exploitation was given in 1955 covering an area 300 m by 350 m only, 
and in 1958 primit ive mining s tar ted under a pr ivate licence. The ore is 
t ranspor ted by t ruck to the port of Mersa Fa tma on the Red sea coast, 
and exported via Massaua to USA. The production is small and altogether 
not more than 40 000 tons of ore have been exploited and shipped to 
Massaua till the end of 1963. 

The geology of the Salt plain depression is characterized by an early 
Pliocene sea ingression which deposited dur ing Plio-Pleistocene mar ine 
beds composed of conglomerates, sands, clays and evaporites. All around 
the Salt plain conglomeratic and gypseous sediments occur which were 
formed in the shallow sea along the former coastline. Along the whole 
western margin of the Salt plain thick layers of terrassed pluvial tor ren-



Fig. 18. Provisional geological sketch map of the northern Salt plain depression. 
(After various sources) 

SI. 18. Približna geološka skica severnega dela depresije »Salt plain«. 
(Po raznih virih) 

t ia l g rave l rest u n c o n f o r m a b l y on m a r i n e sed iments wh ich a re wel l 
exposed only in young wad i -cu t valleys. In such a valley of t h e H a n d e d a 
r ive r t h e m a n g a n e s e ore became e r roded and the layer exposed. T h e 
m a n g a n e s e ore is in te r s t ra t i f i ed in t h e clastic m a r i n e succession, and i ts 
s ed imen ta ry n a t u r e is evident . 

The m o u n t a i n s border ing the Enka fe l a a rea to t h e wes t a r e composed 
of volcanics, meanwh i l e to t h e eas t huge deposi t ion of p i edmont gravels 
f o r m t h e passage to t h e Sal t plain (Fig. 18.). 

D e s c r i p t i o n . The Enka fe l a min ing area covers a su r face of 
about 250 m by 300 m for t h e t ime being. Severa l lensl ike ore outcrops can 
be observed in t h e wadis . T h e l ayer exploi ted has a m a x i m a l th ickness 
of 1,4 m in center a n d decreases to 0,1 m towards margins . T h e to ta l 
vo lume of t h e k n o w n ore migh t be t h u s no t m o r e t h a n 10 000 cubic 



meters only. Marginal passages of ore to the waste can be observed. The 
greyish black cavernous ore is pure and occurs as botryoidal and spongy 
mass composed of hard oxides. A very fine crystalline texture can be 
seen along the cavities. The ore bed is overlain by thin irregular ferri-
ferous breccious layer. The footwall of the ore body consists of coarse 
clastic sediments containing sands and gravels, and cemented in the 
upper part with manganese oxides. The hanging wall consists of tuffic 
aglomerates with corals and other marine fossils. 

Fig. 19. In te r s t ra t i f i ed layer of manganese ore a t Enkafe l a 
SI. 19. Med plast i vk l jučen sloj m a n g a n o v e r u d e v E n k a f e l a 

The following succession of the ore-bearing marine sediments was 
observed in the eastern part of the open pit (Fig. 19.), from bottom up: 
0,5 to 0,8 m Middle-grained sandy breccia, including small nodules and 

vertical thin veinlets of manganese oxides; 
0,1 to 1 m Coarse gravel and sand, cemented with manganese oxides 

(pebbles and grains of volcanic origin prevailingly); 
0,5 to 0,8 m Banded manganiferous impure sandy bed of loose con-

sistence; 
0.5 to 0,9 m Compact manganese ore; 
5 to 6 m Tuffic aglomerates with corals and other marine fossils; 
8 to 10 m Marly sandstones, well banded; 
10 to 15 m Torrential gravel. 

Another outcrop of manganese ore was found at the locality Ashley 
some 7 km north of Enkafela. Several thin earthy layers of manganese 



ore can be observed, hav ing a th ickness no t m o r e t h a n 0,3 m totally. The 
geological env i ronmen t corresponds ent i re ly to t h a t described fo r 
Enkafe la . Th in -bedded m a r i n e sed iments prevai l , be ing covered by a th ick 
layer of to r ren t i a l gravel . 

A n a l y s e s . The average chemical composit ion of t h e Enkafe l a 
ore which w a s sh ipped f r o m Massaua to U S A be tween 1960 and 1964 is 
as follows* (in percent ) : 

Mn (dry basis) . . . . 51,26 
Mois tu re . . . . . . 0,68 
S i 0 2 . . 1,81 
A120 . . 0,80 
F e 2 0 , . . 1,50 
B a O . . 7,70 
S . . 0,029 
P . . 0,021 
P b . . 0,000 
Cu . . 0,000 
As . . t races 

The qua l i ty of ore is good a l though the a d m i x t u r e of b a r i u m is 
s ignif icant . 

U n d e r the microscope m a n g a n e s e minera l s can be seen only. The ore 
show mild zoning. Microcrysta l l ine agrega te of ps i lomelane in m i x t u r e 
w i t h some pyrolusi te prevails . Hol landi te occurs too and yellow re la t i -
vely bigger pr i smat ic crysta ls a r e concent ra ted in th in zones (PI. IV, 
Fig. 2.). 

O r i g i n . The deposit of re la t ively recent geologic age is of se-
d i m e n t a r y origin and w a s f o r m e d in the shal low sea-shore zone r ich in 
oxigen. T h e manganese migh t or ig ina te f r o m the decomposit ion of d i f f e r en t 
volcanic rocks in t h e wes t e rn h in te r l and of t h e Sal t plain, and w a s 
t r anspor t ed by f lowing w a t e r s in to the l i t toral sea. I t prec ip i ta ted as 
m a n g a n e s e hydrox ide and w a s diagenet ical ly t r a n s f o r m e d to psilo-
melane-pyro lus i te compounds . I ron oxides a re normal ly a d m i x t u r e d to 
the p r i m a r y oxidic ore and they a re found in Enkafe l a immedia te ly on 
t h e top of t he manganese bed. I t is believed fo r t h e t ime being t ha t in 
s ed imen ta ry deposits manganese w a s precipi ta ted direct ly f r o m sea-wate r 
by the act ivi ty of microorganisms. Ano the r possibili ty about t he source of 
manganese could be the connect ion wi th ho t - spr ing volcanic act ivi ty of 
t ha t t ime. More detai led invest igat ion of facial env i ronmen t as well as 
t h e mechan i sm of prec ip i ta t ion of ore could p rov ide usefu l h in ts for the 
even tua l f u r t h e r f ind ing of n e w accumula t ions in the vicinity. 

R e s e r v e s . The to ta l a m o u n t of o re which w a s yielded f r o m the 
deposit h i the r to r anges no t m o r e t h a n several tens of thousand tons 
total ly. At t h e end of 1963 t h e still exis t ing visible reserves have been 
es t imated no t m o r e t h a n about 5000 tons only. Due to the sed imen ta ry 

• P e r s o n a l communication by Mr. L. Z i n g o n i (Technical Officer of 
the Mining Office in Asmara). 
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cha rac t e r of t h e depos i t ion in t h e f o r m e r l i t tora l zone, t h e f u r t h e r 
economic f i n d i n g s in t h e i m m e d i a t e v ic in i ty a r e possible. T h e k n o w n 
a n d explo i ted lens l ike o re bodies pass la te ra l ly to t h e s ter i le or low-
g r a d e minera l i zed clast ic rocks . In t h e case t h e source of m a n g a n e s e w e r e 
t h e volcanic or o the r rocks of t h e h in t e r l and , t h e w e s t e r n b o r d e r of t h e 
Sal t p la in ' s s e d i m e n t a t i o n bas in could be a l a rge geological e n v i r o n m e n t 
w h i c h m i g h t h a v e favor ized t h e deposi t ion of manganese , and t h e l a t e ra l 
pers i s tency of t h e o re -bea r ing hor izon is p robable . This a s sumpt ion is 
s u p p o r t e d by t h e a p p e a r a n c e of t h e ore a t Ashley. Hence, it would be 
adv i sab le to exp lore t h e m a r g i n a l p a r t of t he w e s t e r n p i edmon t a rea 
of t h e Sal t p la in depress ion in o rde r t o f i n d out t h e even tua l n e w m a n -
ganese o re concent ra t ions . 

IRON AND MANGANESE DEPOSITS IN THE NEIGHBOURING COUNTRIES 

F o r t h e r eason of compar ison , and fo l lowing t h e ava i lab le sources, 
t h e i ron a n d m a n g a n e s e deposi t s of t h e ne ighbou r ing Eas t A f r i c a n 
count r ies a r e descr ibed in t h e shor tes t way . 

T h e r e a r e severa l i ron deposi ts ex i s t ing in Sudan . T h e coun t ry ' s geo-
logical se t t ing is s imi la r to t h a t of Eth iopia , be ing composed of p r e -
C a m b r i a n rocks and Mesozoic a n d y o u n g e r sed iments . 

In t h e Red-Sea zone n o r t h of P o r t S u d a n t h e S u f a y a and F o d i k w a n 
deposis ts consist of mass ive m a g n e t i t e - h e m a t i t e ore. T h e ore bodies 
e x t e n d in con fo rmi ty w i t h t h e fol l ia t ion of t h e m e t a m o r p h i c rocks d ipp ing 
s teep ly east . T h e l aye red deposi ts m i g h t seem to be genet ica l ly s imi lar 
to those of Er i t rea , or m i g h t even be long to t h e s a m e o re -bea r ing zone 
which e x t e n d b e t w e e n Fa lca t a n d A g a m e t t a . M o r e accu ra t e da t a po in t 
to t h e gene t ic i n t e r p r e t a t i o n of deposi t s by m a g m a t i c d i f fe ren t i a t ion .* 
Accordingly, t h e ore bodies o r ig ina ted as o re in j ec t ions b o u n d to d ior i t e -
l a m p r o p h y r e s a t S u f a y a a n d p o r p h y r i t e s a t F o d i k w a n . T h e reserves of 
h i g h - g r a d e ore a r e r e p o r t e d to r a n g e over 10 mil l ion tons f o r each of 
t h e deposi ts , a n d t h e r e is a l a rge q u a n t i t y of l o w - g r a d e ore in addi t ion . 
T h e posi t ion close to t h e Red-Sea coast is f avourab le , and p lans h a v e 
been p r e p a r e d to exploi t t h e ore a t a r a t e of severa l h u n d r e d s of t housand 
tons year ly . 

At A b u Tu lu in N o r t h e r n S u d a n a s imi la r deposi t consists of h igh-
g r a d e m a g n e t i t e - h e m a t i t e ore. It e x t e n d s in t h e n o r t - e a s t e r n s t r ike of t h e 
m e t a m o r p h i c complex . T h e rese rves a re r epo r t ed to a m o u n t t o 36 mil l ion 
tons. 

A deposi t of r e s igua l type' exis ts at K u t u m in W e s t e r n Sudan . I t 
m i g h t be bound to t h e process of w e a t h e r i n g of N u b i a n sandstone . T h e 
ore is conc re t iona ry h e m a t i t e a n d t h e rese rves to ta l 2 mil l ion tons. 

A smal l deposi t of p r o b a b l e h y d r o t h e r m a l or igin a t F a d l a b n o r t h -
eas t of K h a r t o u m or ig ina ted as r ep l acemen t of m a r b l e s by hemat i t e . T h e 
rese rves a r e several h u n d r e d s of t ons only. 

* Personal communication by Mr. M. D o l e n c , Chief geologist of the 
Geological Survey <oi Slovenia, Yugoslavia. 



Manganese ore is reported to occur at two localities in the nor thern 
par t of Sudan near t he sea shore. Smaller sedimentary deposits of re-
latively young geologic age might be in question. 

In general the Sudanese iron and manganese deposits look to be gene-
tically very close to the deposits in Ethiopia expect the larger dimensions 
and the reserves reported to exist. It seems tha t these occurrences, 
while interesting, offer little chance of a commercial development for the 
t ime being. 

In Somalia i ron deposits exist between the r ivers Shebeli and Giuba 
wes tward of Mogadisco and 200 to 300 k m f r o m the shore. This large 
ore-bearing Bur region is described in short by U s o n i (1952). In a large 
area of about 200 by 50 k m many impor tan t outcrops of rich iron ore 
occur. The area is buil t up by crystalline schistose rocks which are in t ruded 
by numerous grani te bosses and basic differentiates. The ore consists of 
magneti te, i lmenite and quar tz waste. The contents of iron in the ore 
is not less than 55 °/o in average. 

The Bur deposits are considered to be magmat ic in origin and might 
have formed by segregation. The visible reserves are est imated over 
200 million tons. Provided this est imation is not f a r f r o m t h e t r u th the 
Bur deposits may be the most impor tant potential sources of iron in East 
Africa. 

Small and un impor tan t deposits are known to exist in Somaliland. 
A limonite occurrence of very restricted dimensions is known at Galan 
Galo near Candala on the nor thern coast. It is a residual deposit 
in calcareous s t ra ta of Lower Eocene, formed by action of meteoric 
wa te r (U s o n i , 1952). A similar very small residual occurrence of li-
monitic crustif ications exist a t Timassoh south of Candala. There are also 
repor ts on the veinlets of siderite included in phyllitic schists of pre-
Cambrian. 

According to the data available no impor tan t deposits exist in 
Kenya ( P u l f r e y , 1960). 

Metamorphic and residual lateritic iron ore deposits are explored 
in Malagasy,- totaling in 170 million tons of 28 to 62 °/o ore (M u r d o c k, 
1963). Only a small par t of these reserves belong to high-grade ore. 

ECONOMIC APPRAISAL OF THE TREATED ETHIOPIAN DEPOSITS 

There is large interest in Ethiopia to find out reserves oi iron ore 
for establishment of metalurgical industry. The errection of national 
mining and stell-mill indust ry is suggested in the Second f ive year Plan 
of overall country 's development. It depends on di f ferent factors of 
economics influencing the f inal price of hot metal , but the quant i ty and 
quality of ore available is of p r imary importance. 

The est imated reserves of iron ore, refer r ing to the principal to-day 
known and above t reated deposits, are summarized in the Table 5. 



Table 5 5. tabela 

Average Category of reserves 
Locality ore-grade (tons) 

estimate Measured Inferred 
(% Fe) (min.) (max.) 

Ko ree-Gol 1 i sso-Ne j o 60 160 000 290 000 800 000 
Agametta-Gumhod 58 132 000 — 500 000 
Falcat-Tullului 55 — 300 000 1 000 000 

Mai Gudo 40 77 000 25 000 
Entoto 40 — — 10 000 
Aira-Yubdo 25 — — • 100 000 
Hamasen 35 — 5 000 000 50 000 000 
Tigre 30 — — 5 000 000 

Ghedem 54 36 000 40 000 500 000 

Tak ing in to considerat ion tha t an economic i ron ore deposit of to-day 
shall contain at least several million tons of h igh-g rade (over 60 °/o) ore, 
t h e conclusion m a y be m a d e t h a t t he r e is l i t t le chance of economic 
deve lopment of k n o w n iron ore deposits fo r t he t ime being even if t he 
m a x i m u m of in fe r red reserves do exist. It is a well k n o w n fac t t h a t an 
up- to -da te min ing product ion reques t s large capacities and big reserves, 
pa r t i cu la r ly if t he r e a re cheap r a w - m a t t e r s in quest ion l ike i ron ore. 

F r o m the point of v iew of es tabl ishing big indus t ry the reserves of 
h igh-grade i ron ore f r o m Er i t rea as wel l as f r o m Wollega a re not su f -
ficient. For a p lanned produc t ion of 300 000 tons of pig i ron annua l ly 
t h e proved reserves should a m o u n t to 15 mill ion tons of 60 °/o ore to 
g u a r a n t e e the r a w - m a t t e r f o r 30 years. Also the fue l should be in all 
probabi l i ty impor ted . The searching fo r coal carr ied out in the country 
and a imed to f i nd out t he even tua l adequa te fue l fo r meta l lurgic indus t ry 
does not show m u c h prospects. 

Regard ing the deve lopment of expor t m a r k e t s small tonnages k n o w n 
f o r the t ime be ing a n d h igh t r anspor t a t ion costs do not g ive m u c h 
prospect . However , wor ld m a r k e t is governed today by cheap h igh-grade 
i r on ore, a n d it would be d i f f icu l t t o f i n d r eady marke t s . 

I t shal l be pointed out, t ha t t h e degree of geological in format ion 
f o r t h e i ron ore potent ia l is f a r f r o m being sat isfactory, and also the 
k n o w n deposits have been explored only pa r t ly as th is can be seen 
f r o m the ra t io of categories of reserves. However , n e w discoveries a re 
possible a l though the re is l i t t le probabi l i ty t ha t la rge and rich deposits 
exist in t h e count ry still undetec ted . But the possibili ty of f ind ing new 
smaller h igh-grade or midd le -g rade deposits still exists in the unexplored 
and r emote pa r t s of t h e country . 



On t h e o ther h a n d it looks possible t ha t l ow-grade i ron ore could be 
f o u n d in la rger quant i t ies . I t s va lue should be measured in t e r m s of 
p roved q u a n t i t y and qua l i ty as wel l as technology of mining, benef i -
ciat ion a n d meta l lu rgy . T h e r e is no t m u c h prospect to m a k e f r o m these 
deposi ts a n y la rger p rof i t present ly , p rovided the explora t ion n o w in 
course wil l b e negat ive . 

A t th i s t ime the k n o w n i ron ore reserves of t h e coun t ry a re such 
t h a t a ve ry modes t deve lopment could be realized only. Local small-scale 
exploi ta t ion of ore connected w i t h smel t ing a n d m a n u f a c t u r i n g in situ 
migh t p rove pe rhaps economically feasible. F i rs t of all t h e sources in 
Er i t r ea a n d Wollega could m a k e a cont r ibu t ion to the local economy. 

The Er i t r ean deposits deserve pr io r i ty due to f avou rab l e communica -
tions. T h e endeavour to appra i se the feasibi l i ty to use t h e ore of severa l 
exis t ing deposi ts in Er i t r ea f o r t h e even tua l er rect ion of a single p lan t 
m i g h t be pe rhaps usefu l . Fo r th is reason the explora t ion of t h e k n o w n 
a n d potent ia l i ron ore deposi ts in Er i t rea shall con t inue in o rder to clear 
def ini te ly t h e tonnages avai lable . 

As t o t h e manganese deposits k n o w n at p resen t t h e reserve es t imate 
is given in t h e Tab le 6. 

Table 6 6. tabela 

Locality 
Average 
ore-grade 
estimate 
(% Mn) 

Category of reserves 
(tons) 

Measured Inferred 
(min.) (max.) 

Mai Gudo 40 
Ghedem 35 1000 3000 30 000 
Enkafela 50 5000 — 200 000 

The Enkafe l a deposit is t he single one w h i c h deserves a t t en t ion and 
its o re could be placed successful ly t o wor ld marke t . Smal l p roved 
reserves a r e uns igni f icant . T h e f i n d i n g of even tua l n e w rese rves in t h e 
Sa l t p la in ' s m a r g i n a l a r e a s is d u e to sys temat ic geological explora t ion . 

In Ethiopia today the con t r ibu t ion of t h e mine ra l i ndus t ry to the 
na t iona l economy shall be enlarged. To reveal t h e mine ra l po ten t ia l of 
t he country , including t h e f ina l appra i sa l of t h e iron and manganese 
ore deposists, a wel l organized and equiped gove rnmen ta l Geological 
Su rvey shall p e r f o r m well p r o g r a m m e d a n d suppor ted f ield campaigns in 
la rge scale. The compara t ive ly modest economic minera l iza t ions in t h e 
l ight of discoveries u p to th i s t ime should not d iscourage t h e s ta r t ing 
of in tens ive e f fo r t s to asses a n d develop mine ra l resources. There can 
be l i t t le doub t t h a t t he po ten t ia l possibili t ies of f ind ing mine ra l r a w -
mate r ia l s wel l exist in t h e count ry . 
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NAHAJALIŠČA ŽELEZOVE IN M A N G A N O V E RUDE V ETIOPIJ I 

Milan Hamrla 
z 18 slikami, 9 skicami in 6 tabelami 

Doslej poznana naha ja l i šča železove in manganove rude v Etiopij i 
so razvrščena po n a s t a n k u v 5 t ipov oziroma v 3 tipe. Vsako naha ja l i šče 
j e k r a t k o opisano, upoš teva je poleg p rev ladu joč ih av tor jev ih poda tkov 
tud i d ruge vire, zlasti za lokalnosti , k i niso bile p r e v e r j e n e na terenu. 
Naveden j e več inoma le g robo ocenjen velikostni red rezerv. K j e r pa so 
bile rezerve določene podrobneje , so poleg možnih rezerv podane tud i 
ostale ka tegor i j e (5. in 6. tabela) . S t o p n j a raziskanost i naha ja l i šč j e močno 
različna. Anal izni poda tk i so vzeti iz razpoložlj ivih virov, novejše analize 
pa so bile izvedene v kemičnem labora to r i ju Minis t rs tva ruda r s tva 
v Addis Ababi . 



Rela t ivno n a j b o l j p o m e m b n a so m e t a m o r f n a in m e t a m o r f n o -
metasorna tska naha ja l i šča boga te r u d e v provincah Er i t r e j i in Wollegi. 
Gre za m e t a m o r f o z i r a n a p r e k a m b r i j s k a p rvo tno sed imen ta rna ležišča. 
Dimenzi je r udn ih teles so s k r o m n e in zaloge re la t ivno m a j h n e . 

Številčno p rev ladu joč i t ip p r eds t av l j a j o naha ja l i šča nas ta la z delova-
n j e m meteorsk ih voda, ki so izluževale vu lkanske ali d r u g e železo vse-
bujoče kamenine . Železo se j e v g l avnem koncent r i ra lo v l a te r i t sk ih p r e -
pe r inah ali v d r u g e m p r i m e r n e m okolju. N a j b o l j obsežna naha ja l i šča 
tega t ipa so v Er i t re j i t e r u t egne jo bi t i zaloge n izkoprocentne r u d e znatne. 

Zanimivo naha ja l i šče železove in m a n g a n o v e r u d e G h e d e m je nas ta lo 
z de lovan j em vročega vrelca v b l ižnj i geološki preteklost i . Zaloge so 
m a j h n e . 

V i soko tempera tu rna naha ja l i šča so brez vsakega pomena , po jav r u d e 
domnevno m a g m a t s k e g a izvora pa j e še nep reve r j en . 

Visokoprocentna r u d a j e magne t i tno -hemat i tna , sicer pa p r e v l a d u j e 
bol j ali m a n j onečiščen l imonit . 

Manganovo r u d o n a j d e m o povsod v zvezi z eksogenimi železovimi 
r u d a m i pa tud i na Ghedemu. Vsi t i po jav i so ekonomsko zelo ma lo po-
m e m b n i . Doslej j e z n a n o le eno naha j a l i š če m o r s k e g a sed imen ta rnega 
nas t anka , v e n d a r zelo sk romnih d imenz i j in rezerv. Ni izkl jučeno, da je 
r u d e več. 

Za p r i m e r j a v o je nan izan ih n e k a j poda tkov o analognih naha ja l i šč ih 
železove in m a n g a n o v e r u d e v sosednj ih deželah. 

Za rad i m a j h n i h količin zalog in d rug ih neugodnih f a k t o r j e v je na 
podlagi s eda j znan ih poda tkov l e ma lo možnost i za ekonomsko- u p r a v i -
čen r azvo j železars tva v Et iopi j i v obsegu, p r e d v i d e n e m v d r u g e m 
5- le tnem p lanu dežele. Razvoj m a j h n i h lokaln ih r u d a r s k i h in topi lniških 
obra tov , p r e d v s e m pr iva tn ih , pa j e možen. 

V splošnem pa j e Et iopi ja geološko ma lo raz iskana ter j e n j e n p rav i 
minera ln i potencial še prece j neznan. Dokončna ocena t u d i železovih in 
m a n g a n o v i h naha ja l i šč bo možna šele, ko bodo izvedene vse po t rebne 
geološke in d ruge raziskave. 



HIDROGEOLOŠKE RAZMERE N A OBMOČJU STROJNICE 
ELEKTRARNE SREDNJA DRAVA 1. STOPNJA 

Ljubo Zlebnik 

S 6 risbami med tekstom in 2 fotografijama v prilogi 

Uvod 

Hid roe lek t r a rna S r e d n j a D r a v a j e kana l skega t ipa z jezom v Mel ju 
in s s t ro jn ico p r i Zlatol ičju. Jez in s t ro jn ica bos ta povezana z 17,2 k m 
dolgim dovodnim kana lom. Iz s t ro jn ice bo od teka la voda po 6 k m dolgem 
odvodnem kana lu v Dravo nekol iko n a d P t u j e m . 

S t ro jn ica j e p r o j e k t i r a n a na pleistocenski teras i v bližini g lavne ceste 
M a r i b o r — P t u j pr i vas i Zlatoličje. Površ ina t e rase j e na n a d m o r s k i višini 
237,8 m do 238,4 m. T e m e l j i s t ro jn i ce leže po p r o j e k t u na kot i 201 m 
v globini 37,5 m pod površino. 

Glad ina podta lne vode je pr i s r e d n j e m s t a n j u vode na kot i 230 m ; 
to kaže, da b o g r adbena j a m a za s t rojnico izkopana 29 m globoko pod 
g ladino pod ta lne vode, k a r je doslej ed ins tven p r imer v Sloveni j i . Za 
izdelavo p r o j e k t a te zah tevne g r a d n j e j e bi lo po t rebno ugotovi t i ses tavo 
ta l n e le zaradi pogojev t eme l j en j a , t emveč tud i zaradi ocene dotoka 
pod ta lne vode v g radbeno j amo. V ta n a m e n je bilo n a območ ju s t ro jn ice 
v Zlatol ičju i zvr tan ih 7 v r t i n ; v r t i n a S 2 je bila g loboka 60 m, v r t i na S4 

celo 68,5 m, m e d t e m ko so d ruge v r t i ne segale le do ko te 200 m (1. si.). 

Geološki opis 

Poda tk i v r t in so pokazali , da ses tav l ja t e raso zgora j 24,2 do 26 m 
debela plast debelega peščenega p roda z vložki in lečami peska. S p o d a j 
leži bol j d roben gosto odložen peščen k r e m e n o v prod, k i v s e b u j e vložke 
konglomera ta , zbi tega peska in t r d e peščene gline. Vložki peska in peščene 
gline, debel i 0,5 do 4 m, n e ses tav l ja jo zveznih plasti , t emveč se hor izon-
ta lno izk l in ja jo . 

Po poda tk ih k a r t i r a n j a v širši okolici je bilo mogoče sklepati , da je 
v r h n j a p rodna plas t pleistocenska, m e d t e m ko j e spodn ja p rodna plast 
pl iocenske starosti . Pl iocenske plasti so r azkr i t e v gr ičev ju na levem 
b regu Drave m e d V u i b e r g o m i n P t u j e m , k j e r j ih ses tav l ja jo d roben pe -
ščen k r e m e n o v prod, konglomera t , zbit pesek in glina. Po litološki sestavi 
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SI. 1. Situacija raziskovalnih vodnjakov, vrtin in piezometrov na območju 
strojnice v Zlatoličju 

Fig. i. Situation of the exploration wells, drill holes and piezometers in the 
powerhouse site a t Zlatoličje village 

so te plas t i e n a k e ko t n a območ ju s t ro jn ice v Zlatol ič ju . V zgorn j i p rodn i 
plas t i so k a s n e j e m e d k o p a n j e m g r a d b e n e j a m e naš l i kost i m a m u t a , k a r 
dokazu je , da j e v r h n j a p r o d n a p las t p le is tocenska. 

Raz i skave z rnavos t i p r o d a so pokazale , da je v zgornj i , p leis tocenski 
p r c d n i p l a s t i p r i m e s m e l j a nezna tna , n a j v e č 6 °/a, pe ska pa je 35 do 57 °/o. 
Spodnj i , p l iocenski p rod je d robne j š i t e r v s e b u j e ve l iko me l j a , od 11 do 
35 %>, peska p a j e 20 do 62 %>. 

T u d i po l i tološki ses tavi se pl iocenski p rod močno r a z l i k u j e od p le is to-
censkega. P le is tocenski p rod v s e b u j e poleg k r e m e n o v i h tud i p r o d n i k e 



amfibolita, tonalita, gna jsa in redko apnenca, medtem ko v pliocenskem 
produ prev laduje jo dobro zaobljeni drobni kremenovi prodniki . Tako 
sestavo pliocenskega proda je mogoče razložiti z večjo t ranspor tno raz-
dal jo v pliocenu, medtem ko je bila t a razdal ja v pleistocenu zaradi lede-
nikov mnogo kra j ša in so se poleg prodnikov kremena ohranili tudi p rod-
niki m a n j odpornih me tamor fn ih hribin. 

Med v r t a n j e m smo pliocenske plasti raziskali tudi po s tandardni 
metodi penetracije. V pleistocenskem produ te raziskave niso uspele za-
radi debelih oblic, k i p rev laduje jo v produ. V pliocenskem produ, pesku 
in peščeni glini so penetraci jski preizkusi povečini uspeli in so pokazali, 
da so pliocenske plasti dobro konsolidirane; penetraci jska konica je pro-
dr la v globino 1 čevlja (30,5 cm) šele po 100 do 250 udarcih. 

Zaradi velike razlike hidrostat ičnih pri t iskov v vr t ini in zuna j obložne 
kolone je pleistocenski prod ob izvlačenju jedrne cevi prodiral navzgor 
v obložno kolono. Med v r t a n j e m v pliocenskem produ tega pojava ni bilo. 
V pleistocenskih plasteh je bilo t reba obložno kolono zabiti do dna 
vr t ine po vsakem izvlačenju jedrne cevi, ker so se sicer s tene rušile. 
V pliocenskem produ pa je bilo možno vr ta t i brez cevitve do 10 m globoko. 

Ta pojav je nastal zato, ker je bil ob spodnjem koncu obložne kolone 
s t ru jn i pri t isk v pleistocenskem produ večji od njegove prostorninske 
teže, zmanjšane za vzgon. V pliocenskem produ pa ta pojav ni možen, ker 
ima večjo prostorninsko težo in poleg tega določeno kohezijo. 

Raziskave vzorcev nekoliko spri jetega pliocenskega proda iz vodn jaka 
BV, so pokazale, da je njegova prostorninska teža pri na ravni vlagi = 2,06 
do 2,3 t/m3 . Prostorninska teža pleistocenskega proda pa doseže na jveč 
2,04 t/m3 . 

Dopustna obremenitev pliocenskega proda v globini 2 m pod površino 
je po predpisih P T P 5 kp/cm2 , v globini 37,5 m pod površino, pod temelj i 
strojnice, je znatno večja. Temel jna t la bodo po izkopu gradbene jame 
razbremenjena za celotno težo izkopanega materiala. Razbremenitev bo 
dosegla vrednost 52,5 t/m2 , r ačunano po obrazcu 

0z = 7 . h + (ys — y ). (1 — n). (z — h) 

o2 = no rma lna napetost v navpični smeri 
y„ = 2,7 t /m s (specifična teža t rdne snovi) 
yw ~ 1 (specifična teža vode) 
z = 37,5 m (globina izkopa) 
n — 0,25 (poroznost) 
y = 2,025 t /m 3 (povprečna suha prostorninska teža pleistocenskega 

in pliocenskega proda) 
h = 8 m (globina izkopa nad vodo) 

Izkop gradbene jame bo do globine 8 m v suhem peščenem produ, 
niže bo pod gladino podtalne vode. Ker je izkop z mehanizacijo mogoč le 
do določene globine, je p ro jek tan t predvidel č rpanje vode iz gradbene 
jame, da bi bil izkop na suhem. 

Temel jna t la bodo po izkopu gradbene jame razbremenjena in se bodo 
zato dvignila. Ker n i znan deformacijski modul E pliocenskega proda, ne 



moremo povsem točno izračunati, za koliko se bodo tla dvignila. Po po-
datk ih laborator i ja za mehaniko tal univerze v Ljubl jani (K e r i n , 1965) 
bo dvig znašal 19,5 do 28 cm. 

Ko bo strojnica zgrajena, se bodo tla ponovno posedla. Posedanje bo 
manj še od dviga, ker je predvidena teža zgradbe man j ša od teže izkopa-
nega materiala. Del zgradbe s turbinama, obrnjen proti toku, j e težji od 
nasprotnega dela, obrnjenega v smeri toka. Bolj obtežen del temel jnih 
tal se bo tudi bolj posedel, in sicer za 19 do 21 cm, medtem ko se bo m a n j 
obtežen del posedel za 16 do 19 cm. Razlika v posedanju je torej 3 do 5 cm. 
Vendar so te številke le približne, ker j e bila pri izračunavanju privzeta 
za^ deformacijski modul E pliocenskega proda zelo nizka vrednost 
(670 kp/cm2). Zato bosta dejansko posedanje in razlika v posedanju obeh 
delov strojnice manjša . Med g radn jo bo potrebno opazovati posedanje 
strojnice, da bi preprečili morebi tne okvare turb in po pričetku obrato-
van ja elektrarne, ki bi nastale zaradi nagibanja strojnice. 

Hidrogeologija 

Za izračunanje dotoka vode v gradbeno j amo je bilo potrebno čim 
točneje ugotoviti vrednost koeficienta prepustnost i pleistocenskega in 
pliocenskega proda. V ta namen smo raziskali prepustnosti prodov labo-
ra tor i j sko ter s črpalnimi poizkusi v vodnjakih in vr t inah. Za ta članek 
smo podrobneje vrednotili samo rezultate raziskav v pliocenskem produ, 
medtem ko bodo podatki o pleistocenskem produ obdelani v posebni 
razpravi. 

S poizkusnim č rpan jem v vodnjaku BV2 je bilo ugotovljeno, da je 
s rednja vrednost koeficienta prepustnosti k pleistocenskega proda 4 1 do 
4.63.10-1 cm/sek (2. si.). 

Podatkov za vrednost koeficienta prepustnost i pliocenskega proda 
je bilo znatno več. 2 e leta 1959 smo s črpalnim poizkusom v vrt ini C., 
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v Hajdošah ugotovili, da v pliocenski prodni plasti, izolirani v krovnini 
in talnini z glino, niha vrednost koeficienta prepustnosti med 5,05.10~2 

in 5,14.10-3 cm/sek. Na območju strojnice v Zlatoličju smo prepustnost 
pliocenskega proda preizkusili s t lačenjem vode v vr t ine Sa, S.,, S4, S:,, 
S , S 7 in S„. 

Prepustnost smo v vr t inah raziskovali po odsekih 2 do 8 m, ker smo 
se morali ravnat i po tehničnih možnostih zatesnitve vr t ine z obtura tor jem. 
V prodnih plasteh obtura tor ni povsod tesnil, zato smo ga morali pomikati 
navzgor in navzdol, dokler nismo dosegli zadovoljive tesnitve. Merili 
smo povečini le pri dveh različnih pri t iskih; ko je pritisk vode narasel 
prek 5 kp/cm2 , je voda pogosto predrla stene vr t ine ob obtura tor ju , kar se 
je pokazalo v nenadnem padcu prit iska. 

Za izračunanje Darcyjevega koeficienta k po podatkih m e r j e n j a pre-
pustnosti je mogoče upoštevati le prit iske na stene vr t ine v mer jenih 
odsekih, zato je bilo t reba odšteti t lačne izgube, ki nas tanejo pri pre-
t a k a n j u vode skozi drogovje, prišteti pa pri t isk vodnega stebra od mano-
met ra do gladine podtalne vode. 

Vodne izgube pri raziskavah prepustnost i so nihale od 8,5 do 
52 l /m/min pri pri t iskih 3,5 do 4,5 kp/cm2 v določenih odsekih. 

Koeficient prepustnost i »k« smo izračunali po Dupuitovi enačbi za 
dotok vode iz horizonta pod pri t iskom: 

R 
0,36 6. Q . l o g -

fe = 1 
M . H 

M = dolžina raziskanega očlseka vr t ine v m 
r r= polmer vr t ine v m 
Q = vodne izgube med preizkusom VDP v m3/sek 
H — pritisk vode na stene vrtine, izražen v m vodnega stebra 
R = polmer vpliva v m 100 m. 

Izračunane vrednosti k so približne, ker dejanske razmere niso 
ustrezale v celoti pogojem enačbe, vendar so za oceno prepustnosti 
uporabne. 

Tako izračunane vrednosti koeficienta k n iha jo od 3,76.10~4 do 
3.10-3 cm/sek. 

V geomehanskem laborator i ju univerze v L jub l jan i so' v permea-
met ru raziskali vzorce pliocenskega proda iz vodnjaka BV,, zbite na isto 
prostorninsko težo, kot je bila ugotovljena pri neporušenih vzorcih proda. 
Ugotovljeno je bilo, da niha koeficient prepustnosti k od 1,2.10-4 do 
5,3.10-® cm/sek. 

Vse navedene raziskave so kazale, da je pliocenski prod vsaj stokrat 
m a n j prepusten kot pleistocenski prod. Da bi potrdili rezul tate raziskav, 
so izkopali vodnjak BVj do kote 197,5 m, ki je bil perfor i ran v pliocenskem 
produ le od kote 206 m navzdol. Po podatkih poizkusnega č rpanja je bil 
koeficient »k« pliocenskega, p roda 3.10 -2 cm/sek, kar j e le desetkrat 
m a n j kot prepustnost pleistocenskega proda. 



SI. 3. Depresijska kr ivul ja pri č rpanju 1,8 m8/h iz vr t ine v vodnjaku BV2 

Fig. 3. Drawdown curve a t discharge 1,8 m3/h f rom t.h drill hole located 
within the well BV2 

Ti poda tk i so se m o č n o raz l ikoval i od p r e j ugo tov l j en ih . I z ražen je 
bil sum, da je voda d o t e k a l a v p e r f o r i n a n i de l v o d n j a k a n e s a m o iz 
p l iocenskega p roda , t e m v e č o b s t e n a h v o d n j a k a tud i iz zgorn je , m o č n o 
p r e p u s t n e p le is tocenske p r o d n e plast i . 

P o s e b n o pozornos t so vzbudi l i p o d a t k i kemičn ih anal iz vode, k i j e 
bi la vze ta m e d č r p a n j e m iz v o d n j a k o v B V j in BV2 . Po kemičn i ses tavi 
s ta bi la oba vzorca vode s k o r a j enaka , čep rav j e bil v o d n j a k BV2 p e r f o r i -
r a n v p le i s tocenskih p las teh , v o d n j a k BV\ pa le v p l iocenskih p las teh . 
T r d o t a j e bi la p r i obeh vzorc ih 14,6° dH. V n a s p r o t j u z dob l j en imi 
r ezu l t a t i anal iz s m o pr ičakoval i , da se bos ta vodi raz l ikoval i m e d seboj , 



ker je l i tološka sestava pleistocenskega in pl iocenskega p roda prece j 
različna. 

Za p ro j ek t izkopa g r a d b e n e j a m e in g r a d n j e s t ro jnice j e bilo t r eba 
poznat i čim točnejšo v rednos t koef ic ienta h pliocenskega proda. Zato je 
Geološki zavod po naroči lu Dravsk ih e l ek t r a rn ponovno izvedel poizkusno 
č r p a n j e v pl iocenskem produ . V t a n a m e n je leta 1964 izvrtal z dna 
v o d n j a k a BV.2 v r t ino p r e m e r a 7,5 colov do kote 196 m. Obložna cev 
v r t i ne j e bila spoda j p e r f o r i r a n a na dolžini 5 m. Da bi prepreči l i p r e -
t a k a n j e vode iz zgornje , bo l j p r epus tne plast i ob ceveh v o d n j a k a navzdol 
v pe r fo r i r an i del v r t ine , j e bila do ko te 201 m zabi ta še nepe r fo r i r ana cev 
p r e m e r a 20 colov. Enako so bile izvedene tud i piezometrske vr t ine. P2T, 
P M in P2 9 (3. si.). 

2 e prv i poda tk i č r p a n j a so pokazali , da je izolacija pliocenskega 
p roda od pleis tocenskega popolnoma uspela; že pr i Q = 0,2051/sek je 
znašala depres i ja v vr t in i 3,6 m, v p iezometrskih ceveh pa nekoliko 
m a n j . Poizkusno č r p a n j e j e t r a j a l o 10 dni pr i 6 različnih količinah Q 
od 0,205 do 1,7 1/sek (4. si.). P r i vseh poizkusih smo črpal i t a k o dolgo, da 
smo dosegli s t ac ionarno s t an je , razen pr i Q = 1,7 1/sek, ko je g ladina vode 
v v o d n j a k u pad la pod spodnj i rob č rpa lke in je bilo č r p a n j e p rek in jeno . 

Za i z računan je vrednost i k iz črpalnih poizkusov, pr i ka te r ih j e bilo 
doseženo s tac ionarno s tan je , smo uporab i l i Th iemovo enačbo za dotok 
vode k v o d n j a k u iz vodnega hor izonta pod pr i t i skom: 

fc_ 0,366 Q l 0 g ' r 2 - l 0 g - r i 

M(si~si) 

T2 = razda l j a p iezomet ra P 2 8 od središča v r t i ne 
r / = r azda l j a p iezomet ra P 2 7 od središča v r t i n e 
si — zn ižan je g lad ine vode v p iezometru P2 7 m e d č r p a n j e m 
5? = zn ižan je g lad ine vode v p iezometru P.>8 med č r p a n j e m 
M ~ debel ina vodnega hor izonta — dolžina pe r fo r i r anega dela 

č rpa lne vr t ine . 

Razmere med č rpa ln im poizkusom so pribl ižno ust rezale pogojem 
Thiemove enačbe. P r i r a č u n a n j u smo privzeli, da je plast pliocenskega 
p roda in peska nad pe r fo rac i jo v v r t in i do ko te 214 m, k j e r j e me ja med 
pl iocenskim in pleis tocenskim prodom, nepropus tna . Ta p redpos tavka 
ni povsem točna, v e n d a r l ahko z gotovos t jo t rd imo, da j e prepus tnos t 
pliocenskih plasti v navpični smer i nezna tna . Med v r t a n j e m j e namreč 
voda dotekala v v r t i ne le na odsekih čistega peščenega proda. Na odsekih 
v r t ine v me l j a s t em produ, glini in konsol id i ranem pesku ni bi lo zna t -
nejšega dotoka vode, k a r smo ugotovil i po zna tnem u p a d a n j u vodne 
g lad ine v vr t ini , po tem ko smo izolirali čiste peščene p rodne plasti z 
obložno cevjo. Vr ta l i smo brez izplake, zato se voda v vr t in i n i t ako 
h i t ro dvigni la do p rvo tne višine, ko smo izvlekli j edrno cev. 

E n a k e pliocenske plast i na s topa jo tudi pod dnom vrt ine , t j . pod koto 
196 m. Zato smo privzeli , da so tudi te plasti v navpični smeri nep re -
pus tne in da iz n j i h m e d poizkusnim č r p a n j e m voda ni dotekala v vodn jak . 
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DEPRESIJA {m) DEPRESSION Q t r n / h ) 

SI. 4. Diagram črpanja iz vrt ine v vodnjaku BV2 

Fig. 4. Diagram of the pumping test with the drill hole located within the 
well BVo 



Q ( m / h ) 
1 2 3 ^ 5 6 7 

SI. 5. Diagram odvisnosti depresi je A od količine č rpane vode Q v vr t ini in 
piezometrskih ceveh 

Fig. 5. Diagram showing the relat ions between drawdown A and dril l hole 
discharge Q 



Opazovanja so potrdila našo domnevo, da je depresi ja v vodn jaku in 
piezometrskih ceveh sorazmerna količini črpane vode, ka r je značilno 
za vodne horizonte pod pri t iskom (5. si.). 

Vrednost koeficienta prepustnost i k je : 

za Q = 0,51/sek 
k = 9,04.10"« m/sek 

za Q = 0,851/sek 
k = 9,48.10-* m/sek 

V obeh pr imerih smo uporabil i podatke iz piezometrskih cevi P27 
in P2tJ, ki so na jbo l j zanesljivi. Med č rpan jem so bile v piezometrski 
cevi P a 9 malenkostne depresije, v vr t ini pa je bila depresi ja večja, kot bi 
ustrezalo Thiemovi depresijski črti, in sicer zaradi izgub pri t iska pri 
p r e t akan ju vode skozi perfor i rano cev (6. si.). Kot debelino vodnega 
horizonta M smo privzeli dolžino perfor i ranega dela vodnjaka . Vodni 
horizont M vsebuje več plasti prepustnega peščenega proda, vloženih 
v zelo malo prepusten pesek in meljast prod. Izračunana vrednost koefi-
cienta k je s rednja vrednost prepustnost i močno prepustnih in zelo malo 
prepustnih pliocenskih plasti. 

Vrednost koeficienta k smo zaradi kontrole računali tudi po grafični 
metodi, ki jo j e predložil C a s t a n y (1963). 

Po te j metodi računamo k po enačbi 

j , __ 0,366 ,Q 
c 

T = k.M 

c = ; vrednost c odčitamo neposredno z grafičnega prikaza 
S (log x) 

depresi je in logari tma razdal je ; na ordinato nanašamo vrednosti depresi je 
v navadnem merilu, vrednost i razdal j piezometrov od središča vr t ine pa 
v logari tmičnem merilu. Pr i dveh različnih vrednostih Q smo dobili na-
slednji vrednosti za k: Pr i Q = 1,8 m s /h 

m 0 ,366 .0 ,0005 J i r t , , T = = 4 ,47.10" 5m 2 / sek 
4,1 

T 4 47 10"5 
fc = . _ = ——' = 8,93 .10" 6m/sek 

M 5 

P r i Q = 3 ,06m 3 /h 

„ 0 ,366.0 ,00085 9, . 
T = ! = 4 7 8 . 1 0 " 5 m 2 / s e k 

6,5 

k = 9 ,57.10* 6 m/sek 



LOG RAZDALJE X ( M ) LOG OF DISTANCE 

SI. 6. Depresi ja v vrt ini in piezometr ih pr i č rpan ju 1,8 m3 /h in 3,06 m", h 
Fig. 6. Depression of the w a t e r table in the drill hole located wi th in the well 

EVo and piezometers a t discharges l , 8 n r 7 h and 3,06 m9/h 



Rezultati, ki smo j ih dobili z r ačunan jem na oba načina, so skora j 
enaki. Izračunana vrednost koeficienta k je s rednja vrednost prepustnost i 
5 m debele plasti pliocenskega proda, iz ka tere je med č rpan jem dotekala 
voda v vrtino. Pliocenski prod sestoji iz plasti m a n j prepustnega mel ja-
stega proda in iz plasti bol j prepustnega čistega peščenega proda. To 
vel ja za celotno območje, zato lahko pr ivzamemo izračunano vrednost 
koeficienta k za ves pliocenski prod. 

Kemična analiza vode, k i je tekla med č rpan jem iz vrtine, je pokazala, 
da se n j ena sestava močno razl ikuje od sestave vode iz zgornjega vodnega 
horizonta. Trdota vode v spodnjem horizontu je le 11,55° dH, v zgornjem 
pa 14,6® dH. 

Po podatkih poizkusnega č rpan ja iz vr t ine v vodn jaku BV2 je bil 
izdelan glavni projekt . P ro jek tan t je predvidel kopanje gradbene jame 
brez zagatnih sten s č rpan jem vode, k i bo dotekala iz pleistocenskega 
proda. Dotoka vode iz pliocenskega proda ni upošteval, ker vrednost 
koeficienta k kaže, da bo zelo ma jhen . P r a v tako je bilo mogoče po 
podatkih v r t a n j a sklepati, da v pliocenskem produ ne bo pojavov te-
kočega peska. 

Po končanem izkopu gradbene j ame so opazovanja potrdila pričako-
vanje , da bo dotok vode iz pliocenskih plasti le neznaten. Točnih po-
datkov o količini vode ni bilo mogoče zbrati, ker zid, temel jen v pliocen-
skih plasteh, ki brani pre l ivanje vode, dotekajoče iz pleistocenskega proda 
v gradbeno jamo, ni popolnoma vodotesen. Po približni oceni dotok iz 
pliocenskega proda ni presegal 10 1/sek. 

GEOLOGIC AND HYDROGEOLOGIC CONDITIONS IN THE 
POWERHOUSE SITE OF THE SREDNJA DRAVA I POWER PLANT 

Abstract 

The powerhouse of t he S redn ja Drava I power plant is projected 
on the Pleistocene ter race of Drava r iver near the main road Maribor— 
P t u j a t the village Zlatoličje. The foundat ions of the powerhouse are 
proposed on t he plus 201 m level in t he depth of 37,5 me te r s and 29 meters 
below the ground wa te r table. In the powerhouse area extensive geologic 
and hydrogeologic researches have been carried out (Fig. 1). According to 
da ta obtained by bore holes, t he terrace is composed to the depth of 
approximately 25 meters by loosely packed Pleistocene gravel; below it 
is a layer of densely packed Pliocene gravel with intercalations of sand, 
conglomerate and indurated clay. These intercalations horizontally thin 
out at a short distance. 

F rom the grading analysis of the Pleistocene and Pliocene gravels 
emerged tha t the Pleistocene gravel contains only an inisignificant ad-
mix tu re of silt and f r o m 35 °/o to 57 °/o sand. The particle seize of Pliocene 
gravel is mostly very thin, containing f rom 11 °/o to 35 °/o silt and 20ft/o 
to 62 °/» sand. 



Standard penetrat ion tests carried out in the Pliocene gravel showed 
tha t it is much consolidated. On account of coarse particles the results 
of the same tests in the Pleistocene gravel are not reliable. The Pleistocene 
and the Pliocene gravel differ f rom one another very much as to the value 
of volume weight. This comes up at the fo rmer at most to 2,04 t/cu. m and 
at the la t ter f rom 2,06 to 2,3 t/cu. m. 

From drilling examinat ions emerged that Pleistocene gravel at 
corresponding conditions tu rns into running sand, whereas this is not the 
case wi th Pliocene gravel. 

All these investigations show tha t the Pliocene gravel under the 
foundat ions of the powerhouse can be loaded with more than 5 kp/sq. cm. 

The 'additional intensi ty of loading soil will not be significant 
because unloading due to excavations will reach the value of 52,5 t/sq. m. 
The conditions of the powerhouse foundat ions are therefore favourable. 
Excavations will mostly take place under the ground water table. The 
Pleistocene gravel could be par t ly excavated by means of power equip-
ment. Before the excavation of dense packed Pliocene gravel, however, 
water will have to be removed f rom the building ground by pumping. 

For the excavation project the quant i ty of Svater inflow f rom 
Pleistocene and Pliocene gravels had to be evaluated. For this purpose 
permeabil i ty tests of Pleistocene and Pliocene gravels were carried out 
and tha t in laboratory and under field conditions with bore holes and 
pumping tests. At the village Zlatoličje two wells were dug out, BV-1 
and BV-2. The screen of the shallow well BV-2 was sunk and perforated 
only within the section of Pleistocene gravel. The same operation was 
performed at the deeper well BV-1 only in the lower par t of the Pliocene 
gravel. Pumping test showed the value of permeabil i ty coefficient k of 
the Pleistocene gravel f rom 4,1 to 4.63.10-1 cm/sec and of the Pliocene 
gravel 3.10~2 cm/sec (Fig. 2). Laboratory investigations of Pliocene gravel, 
pumping tests and permeabil i ty measurements at drilling gave much 
lower values of the permeabil i ty coefficient k and tha t f rom 5,05.10"2 to 
5,3.10~5 cm/sec. A part icular at tent ion raised the chemical analyses of 
water f rom both wells because they showed nearly the same quali ty of 
water . Owing to a d i f ferent gravel composition a corresponding difference 
in the chemical composition of water should be expected. The suspicion 
gained ground tha t dur ing the pumping test water penetrated in the 
perforated portion of the well BV-1 not only f rom the Pliocene gravel, 
but also along the casing exterior f rom the overlaying, very permeable 
Pleistocene gravel. In any case in the Pliocene gravel on account of the 
d i f fe rent lithologic composition a somewhat di f ferent quality of water 
could be expected. 

By ordre of the Dravske Elekt rarne another pumping test had to 
be carried out. Consequently the Geological Survey of Ljubl jana made 
a drilling hole in the Pliocene gravel within the shallow well BV-2 (Fig. 3) 
The pumping test proved to be successful. Measurements of the water 
table in the test hole as well as in the piezometers showed a great 
depression and that already at Q = 0,205 litre/sec (Fig. 4). Chemical 



analyses of wa te r , f lowing f r o m the wel l d u r i n g the p u m p i n g test, 
showed t ha t i ts composit ion grea t ly d i f f e r s f r o m the one of t h e uppe r 
w a t e r horizon. Whereas the w a t e r ha rdness f r o m the Pleistocene grave l 
reaches 14,6° d l l , t he one f r o m the Pl iocene gravel comes u p only to 
11,5° dH. 

At the stabilized w a t e r level t he va lue of k w a s eva lua ted f r o m 
p u m p i n g test d a t a - apply ing the s ame equat ion as fo r t he f low to a well, 
pene t r a t ing a conf ined aqu i f e r (Fig. 5). Observa t ions du r ing the p u m p i n g 
test showed tha t t h e d r a w d o w n in t h e tes thole a n d in t h e p iezometers 
w a s p ropor t iona te to t h e discharge ra te . This is a character is t ic fo r t h e 
conf ined aqui fers . T h e calculated va lue of k oscillates be tween 9,06 to 
9,48.10~4 cm/sec. On t h e basis of these d a t a t h e m a i n projec t p rovided 
an excavat ion w i thou t sheet pile cour ta ins and w i thou t g rou t ing b u t 
p u m p i n g of w a t e r f lowing f r o m the Pleistocene gravel . The d ischarge 
f r o m t h e Pliocene g rave l has not been t aken into account owing to the 
ve ry low va lue of k. According to dri l l ing da ta no r u n n i n g sand could 
be expected in t h e Pliocene gravel . Fo r th is reason t h e founda t ions of 
the powerhouse have been pro jec ted direct ly on t h e Pliocene grave l 
w i thou t any consol idat ion works . 

La te r observat ions d u r i n g the excavat ion ent i re ly conf i rmed all t he 
foreseeings regard ing the d ischarge of w a t e r f r o m the Pleistocene and 
Pl iocene grave ls and t h e possibili ty of founda t ions on the Pliocene g rave l 
(Figs. 7 A and 7 B). 
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SI. 7. — Fig. 7 

A. Pogled na zahodn i del g r a d b e n e j a m e 
A. View of t he w e s t e r n p a r t of e x c a v a t i o n 

B. Pogled na severn i in vzhodn i del g r a d b e n e j a m e 
B. V iew of t he n o r t h e r n a n d e a s t e r n p a r t of e x c a v a t i o n 

p = pleistocenski prcd — Pleistocene gravel 
pi = pliocenski prod - Pliocene gravel 
i = izvir v pleisfcocenskem produ — Flow of water from Plelistocene gravel 
v - vod.a, ki teče proti črpališču — Water flowing to pumping station 
č = črpališče — Pumping station 
z - Betonski zid, ki preprečuje prelivanje vode v gradbeno jamo — Concrete wall 

protecting the excavation from water 



O BARITU N A SLOVENSKEM 
Milan Fabjančič 

Uporaba ba r i t a 

Uporabnos t ba r i t a je zelo mnogos t ranska . Na jveč ga porab i jo za težke 
izplake p r i g lobinskem v r t a n j u , za p ro izvodnjo l i topona in ba rv , v ke -
mični indus t r i j i in za p ro izvodn jo ba r i tnega cementa . 

V ZDA je le ta 1959 od celotne po t ro šn j e ba r i t a odpadlo 95 °/o na 
globinsko v r t an j e , na indus t r i jo g u m i j a 2 % , n a indus t r i jo s tekla 1 °/o, 
n a i ndus t r i j o b a r v 1 °/o in n a d ruge po t rošn ike 1 °/o. S t r u k t u r a po t ro šn j e 
b a r i t a se v t e j d ržavi zelo počasi s p r e m i n j a in os t a j a po več let s k o r a j 
enaka . Is to ve l j a t u d i za d ruge indus t r i j ske države. 

Za posamezne n a m e n e pos t av l j a jo za kval i te to ba r i t a razl ične zahteve, 
k i j ih j e možno izpolniti z m a n j ali bo l j zaple tenimi proizvodnimi opera -
ci jami . Zah teve se n a n a š a j o n a kemično čistost (maks imum škodl j iv ih 
pr imesi , m i n i m u m kor i s tn ih snovi), specifično težo, beloto, konsistenco, 
vsebino vlage in n a d r u g e las tnost i surovine. Za vsako vrs to u p o r a b e 
ba r i t a pos t av l j a jo posebno s t r u k t u r o pogojev, z d rug imi besedami,.. p r i 
določeni uporab i b a r i t a so važne samo določene lastnosti . Seveda pa se 
tudi pr i enaki uporab i često r az l iku je jo pogoji razl ičnih potrošnikov, 
zlasti če so iz razl ičnih držav. Za to se m o r a proizvaja lec tehnično pr i -
lagodit i v s a j g l avn im z a h t e v a m tržišča, ozi roma t i s temu k rogu kupcev, 
k j e r doseže n a j u g o d n e j š e poslovne rezul ta te . Bar i t je po t rebno preb i ra t i , 
pra t i , drobit i , mleti , f lo t i ra t i , žari t i , belit i , e l ek t romagne tno čistiti od 
železa, kemično predelovat i in pak i ra t i . 

Tako imenovan i pe t ro le j ski ba r i t p r imeša jo izp lakam za v r t a n j e glo-
b insk ih vr t in . S težkimi izp lakami obv l adu j e jo ogromne p r i t i ske v glo-
b inah , pa tudi pr i t i ske pl inov v ležiščih n a f t e in t ako p rep reču j e jo 
erupci je . P r i pe t ro le j skem ba r i t u je važna specif ična teža 4,2 do 4,3, 
t a k š n a granulac i ja , da g re 95 %> bar i t a skozi sito z l ukn j i cami p r e m e r a 
42 mik ronov (325 mesh) in vsebina B a S 0 4 do 94 «/o. Po leg t ega n e s m e 
vsebovat i v vodi topn ih soli. 

Za izdelavo l i topona zah t eva jo običa jno kosovni ba r i t s 93 °/o do 
96 °/o B a S 0 4 , k i l ahko v s e b u j e n a j v e č 1 °/o Fe a O, in 1,5 SiO,; Al a 0 3 , CaO 
in MgO pa na jveč 0.5 °/o. Ne sme vsebovat i F, Zn in Pb. Li topon j e 
p igment , k i v s e b u j e 70 °/o B a S 0 4 in 30 °/o ZnS; u p o r a b l j a j o ga za p ro -
izvodnjo o l jn ih in s l ikarskih b a r v t e r ema j ln ih premazov. 

Podobni so pogoj i za bar i te , k i j ih u p o r a b l j a kemična indus t r i j a za 
p ro izvodnjo ba r i j evega su l fa ta , ka rbona ta , klor ida, oksida, h idroksida , 
n i t r a t a in še mnog ih d rug ih spojin. 



Kot polnilo u p o r a b l j a j o bel pr i rodni bar i t , kemično zelo čist, t e r 
d robno in precizno mlet , t ako da i m a j o zrnca p r emer pod 42 mikronov. 
D o d a j a j o ga ba rvam, l akom in f ine j š im vrs tam pap i r j a . Kot polnilo upo-
r a b l j a j o ba r i t tud i pr i pro izvodnj i gumi ja , i m p r e g n i r a n j u tkanin , l inoleja 
in insekticidov. V ta n a m e n mora ba r i t vsebovat i v sa j 96 °/o bar i j evega 
su l fa ta in m a n j kot 0,2 do 1 °/o FegOu. 

S teklu d o d a j a j o ba r i t kot tali lo in bistrilo. Po t r ebne učinke dosežejo 
z n jegov im oksidaci jskim de lovan jem. Steklarski bar i t ne sme vsebovat i 
težkih kovin, kot npr . Fe, Cu, Co, Cr, Ni, ker n j ihovi oksidi b a r v a j o 
steklo. Zn in P b ne mot i ta , FegOs p a sme vsebovat i le 0.1 %>. Zrnca m o r a j o 
imet i p r emer 0,08 m m ali m a n j . 

Za cementn i ba r i t j e dovolj , če vsebu je 80 Vo do 92 °/o BaSOj, mora 
pa imet i specifično težo 4,15 in ne sme vsebovat i snovi, ki škodlj ivo 
vpl iva jo na cement ali a rma tu ro . P b je škodl j iva komponen ta , kor is tna 
p a je, če ba r i t v s e b u j e do 8 ali n a j v e č do 10 °/o SiOž, 2,5 do 3 °/o AlgOs in 
toliko železa, da je u težno r a z m e r j e FeOa: Al^O;} — 1:2. Če v sebu je bar i t 
malo železa in a lumin i ja , m u d o d a j a j o boksit , če pa vsebu je mnogo 
železa, m u je t r eba d o d a j a t i glinico, ki pa j e prece j draga. Bar i t n a j bo 
mlet do t akšne granulac i je , da ima 90 % zrnc p r e m e r m a n j š i od 90 mi-
kronov. Uporab l j a jo ga za izdelovanje cemen ta za zaščitne zidove prot i 
r ad ioak t ivnemu sevan ju , pa tud i kot dodatek k h ladno mešan im as fa l tom 
pr i g r a d n j i kva l i t e tn ih cest in pist, za obloge cevovodov, položenih prek 
rek in močvir i j in za podobne namene . 

P rob lem pro izvodnje bar i j ev ih cementov je bil že tudi pr i nas po-
s tav l jen zaradi izrednih las tnost i t eh veziv, ki se kaže jo : 

1. v obstojnost i p r i visokih t e m p e r a t u r a h do 1730° C in z dodatki 
še pri višjih, 

2. v izredni odpornost i prot i de lovan ju morsk ih in d rug ih su l fa t -
n ih vod, 

3. v visoki s topnj i nepropus tnos t i za ren tgenske in gama žarke. 
Z las tnos tmi ba r i tn ih cementov se je u k v a r j a l B r o n i s k i ; 15 let je 

izpostavl ja l p r i zme iz razl ičnih cementov morski vodi v Č r n e m m o r j u 
in j e ugotovil, da so ba r i tn i cement i prot i n j e j mnogo odpornejš i kot drugi , 
klasični cementi . Zan imiv j e S a n i e l e v i c i j e v poskus; z emi t i r an j em 
m e h k i h žarkov g a m a skozi ovire razl ičnih debel in in mater ia lov je 
z Geiger -Mul le r jev im š tevcem ugotovil n j ihovo varova lno debelino pr i 
določenih nape tos t ih ren tgenskega sevanja . Rezul ta te kaže 1. tabela. 

DEBELINA VAROVALNIH OBLOG PRED RENTGENSKIMI 2ARKI 
1. tabela 

S n o v 
Najmanjša varovalna debelina pred 
rentgenskimi žarki v mm pri napetosti 

60 kV 200 kV 
Valjana svinčeva pločevina 
Barijev zaščitni beton 
Svinčevo steklo 
Kalcijev zaščitni beton z dodatki Ba 
Zaščitni betoni z običajnim cementom 

0,9 
7 
8 

14 
65 

4 
29 
34 
60 

270 



Iz tabele vidimo, da je zaščitni uč inek bar i j evega be tona p red r en t -
gensk imi žark i pr i napetos t i 60 kV in 200 k V blizu zašč i tnemu uč inku 
svinčevega stekla. P r i naveden ih nape tos t ih ren tgensk ih žarkov je po-
t r e b n a dvo jna debel ina kalc i jevega zašči tnega betona, da dosežemo 
učinek, k i ga ima ba r i j ev beton. Zašči tni uč inek enako debele v a l j a n e 
svinčeve pločevine je osemkra t večj i kot pr i b a r i j e v e m betonu, mate r ia l 
za pos tav i tev svinčeve zaščitne m e m b r a n e pa j e pribl ižno t r i k r a t d raž j i 
kot ma te r i a l za pos tav i tev enakovrednega zidu iz ba r i j evega betona . 

Že uporabnos t ba r i t a kaže, da so n jegov i veliki pot rošnik i d ržave 
z visoko razvi to p ro izvodnjo n a f t e in sploh dežele z razvi to indus t r i jo . 
P o t r o š n j a ba r i t a se n a m r e č razv i j a vzporedno z r a z š i r j a n j e m n jegove 
u p o r a b e v novih indus t r i j sk ih panogah in sorazmerno z r azvo jem indu-
s t r i je , v ka t e r i ga že uporab l j a jo . Po t ro šn j a ba r i t a v indus t r i j sko razvi t ih 
d r ž a v a h j e sko ra j povsod prece j več ja od n j i hove las tne proizvodnje . 
Za to so t e d ržave vel iki uvozniki bar i t a . To pospešuje pro izvodnjo v d r u -
gih d ržavah , k i i m a j o možnost i za p ro izvodnjo t e surovine in j e same ne 
u p o r a b l j a j o v tol ikšni mer i , k o t jo p ro izva ja jo . Med izvozniki b a r i t a so 
zato povečini i ndus t r i j sko m a n j razvi te države. Proizvaja lc i ba r i t a pa so 
razvi te in m a n j razvi te države, k a r kaže 2. tabela. 

2. tabela 
PROIZVODNJA BARITA V LETU 1962* 

Dežela V tonah Dežela V tonah 

Alžirija 19 958 Kanada 207 991 
Argentina 18 144 Kitajska 81 647 
Avstralija 9 979 Kolumbija 9 979 
Avstrija 1 081 Koreja, južna 920 
Brazilija 51 002 Maroko 89 793 
Burma 4 048 Mehika 318 135 
Cile 1 397 Nemčija — zahodna 426 377 
Egipt 2 722 Pakistan 2 870 
Filipini 416 Peru 95 000 
Francija 70 035 Poljska 45 215 
Grčija 79 832 Portugalska 2 087 
Indi ja 24 476 Španija 34 019 
Iran 15 000 Švica 62 
Irska 343 Turčija 1 900 
Itali ja 121 915 ZDA 804 640 
Japonska 35 048 Združeno kraljestvo 76 896 
Jugoslavija 130 000 ZSSR 181 437 
Južnoafriška unija 1699 

Iz Bolgari je , Češkoslovaške, Vzhodne Nemči je in Seve rne Kore je , k j e r 
tud i p r idob iva jo bar i t , n i m a m o podatkov . 

Iz t abe le vidimo, da so bili v letu 1962 na jveč j i proizvaja lc i b a r i t a 
ZDA. Z a h o d n a Nemči ja , Mehika , Kanada , ZSSR, Jugos lav i ja , I tal i ja , Pe ru . 
Maroko in Ki t a j ska . Svetovno p ro izvodnjo ba r i t a v let ih 1950 do 1962 
kaže 3. tabela . 

* Preračunani podatki iz Minerals Yearbook 1962; US Department of the 
Interior, Bureau of Mines. 



3. tabela 
SVETOVNA PROIZVODNJA BARITA V LETIH 1950 DO 1962* 

Leto V tonah Leto 

1950 do 1954 povprečno 1823 000 
1955 2 450 000 
1956 2 812 000 
1957 3 175 000 
1958 2 359 000 

1959 
1960 
1961 
1962 

V tonah 

2 722 000 
2 767 000 
2 685 000 
3 003 000 

Jugos lav i ja p ro izva ja kosovni in mlet i bar i t . P ro izvodnja se je začela 
razv i ja t i že med obema sve tovnima vo jnama , v e n d a r v m a j h n i h količinah. 
V svetovnega pro izva ja lca ba r i t a se j e naša d ržava razvila po drugi 
svetovni vojni . 

Po pr ibl ižnih poda tk ih je v Jugos lav i j i narašča la pro izvodnja ba r i t a 
ko t kaže 4. tabela. 

4. tabela 
PROIZVODNJA BARITA V JUGOSLAVIJI 

Leto V tonah Leto V toinah 

1939 5 000 1955 88 123 
1951 24 447 1956 93 918 
1952 34 819 1957 120 780 
1953 81 114 1962 130 000 
1954 95 046 

V ZDA k r i j e j o z l as tno p ro izvodnjo le pribl ižno polovico bar i t a za 
domačo po t rošn jo in so zato na jveč j i uvoznik kosovnega bar i t a na svetu. 
Amer išk i rudn ik i v no t ran jos t i kon t inen ta so precej oddal jen i od velikega 
dela prede lovalne indus t r i je , ki j e koncen t r i r ana v bližini a t lan tsk ih 
pristanišč. Za to so razmerno m a j h n i s t roški lad i j skega t r anspor t a omogo-
ča jo sosednj im d ržavam (Kanada, Mehika), pa tudi bol j oddal jenim, 
izvoz b a r i t a v ZDA. Mehika in K a n a d a s ta g lavna dobavi te l ja ba r i t a 
ZDA, v zadn j ih let ih p a se j ima j e pr idruž i l še Peru . Poleg teh d ržav se 
n a t e m tržišču po j av l j a jo še Grči ja , Š p a n i j a in Maroko. Ker so jugoslo-
vanski ba r i t i kva l i t e tne j š i od mnogih drugih , so ZDA za nas p o m e m b n o 
tržišče. P o v p r a š e v a n j e po naših ba r i t ih j e tu vedno večje od možnost i 
naših dobav. Zah teve glede kva l i te te niso stroge, v e n d a r so cene v t em 
času nizke in se g ib l je jo okoli 10 $ za tono kosovnega bar i ta . A v s t r i j a j e 
naše ba r i tno tržišče zaradi ugodnega t r anspor ta . Uvaža 3500 do 5000 ton 
bar i t a letno. 

Zahodna Nemči ja je d rug i na jveč j i proizvaja lec bar i ta n a svetu. 
K l j u b t e m u uvaža okoli 20 000 ton ba r i t a letno. Pos tav l ja pa zelo s troge 
pogoje glede kval i te te . Seda j v to državo n e izvažamo, ker močno kon-
k u r i r a t a Špan i j a in Maroko, ki ima ta ugodne jše t r anspor tne možnosti . 

Vel ika B r i t a n i j a p o s t a v l j a ugodne j še cene za b a r i t kot nemško 
tržišče. 

* Preračunani in zaokroženi podatki iz Minerals Yearbook 1959, 1962: US 
Department of the Interior, Bureau of Mines. 



Francosko tržišče ima za naš b a r i t podobne pogoje kot angleško. 
ZSSR uvaža p redvsem kosovni ba r i t in pos tav l j a sorazmerno s t roge 
zah teve glede hval i te te . V e n d a r izvažamo n a to tržišče tud i p rece j šn je 
količine mle tega bar i ta . Madžarska uvaža p redvsem kosovni beli bar i t , 
z n j i m pa še n e k a j sivega kosovnega in mletega. K u p c a našega ba r i t a 
s ta l ahko t u d i češkos lovaška in Pol j ska . 

Ko t k o n k u r e n t se n a vzhodnem tržišču po j av l j a Bolgar i ja , v e n d a r 
ima m a j h n o pro izvodnjo in s labo kval i te to. 

Za jugoslovanske b a r i t e p r ide jo v poštev tudi tržišča b l ižnjega in 
s r edn jega vzhoda, k a m o r do s eda j še n i smo izvažali več j ih količin. 

Tako v zahodnih ko t v vzhodnih deželah je povpraševan je po naš ih 
ba r i t i h več je kot naša ponudba . 

Iz zgodovine proizvodnje barita v Sloveniji 

V Sloveni j i sta doslej obra tova la dva b a r i t n a r u d n i k a Pleše pr i 
Škofl j ic i in Lit i ja . V obeh so p rvo tno pr idobival i d r u g e mine ra lne suro-
v ine ; p red p rvo svetovno v o j n o so v P lešah odkopaval i l e svinčevo rudo , 
v Li t i j i pa poleg svinčeve še živosrebrno, cinkovo, železovo in t u d i sre-
brovo. Bar i t so začeli p r idobiva t i šele po prv i svetovni vojni . 

Kva l i t e to b a r i t a iz P l e š in L i t i j e kaže 5. tabela . 
5. tabela 

KEMIČNA SESTAVA BARITA IZ PLES IN LITIJE 

Sestavina Pleše Litija 
% % 

BaSC>4 93 do 99 88 do 95 
Si0 2 0,1 do 4,8 3 do 6 
Fe 0,07 do 0,12 0 do 2,93 
A12OS 0,11 do 0,95 

1,05 do 1.26 CaCOg 0,07 do 1,05 1,05 do 1.26 
MgCOs 0,0 do 0,90 do 0,35 

Vidimo, da je ba r i t iz Pleš prece j boljši , k e r v s e b u j e skora j 5°/o 
več B a S O j ter m a n j SiO ž in Fe. Zan imivo je, da je v l i t i j skem ba r i t u 
tudi več kalc i ta kot v ba r i t u iz Pleš. 

T a k š n e prednos t i surovine so vplivale, da so v Plešah začeli p r i -
dobiva t i ba r i t p r e j in v več jem obsegu kot v Liti j i . Leta 1919 j e prvič 
f inanc i ra la organizaci jo p ro izvodnje ba r i t a J a d r a n s k a b a n k a s sedežem 
v L jub l j an i . Z delom so začeli n a zahodni s t ran i h r iba Celo, n a d vas jo Dule. 

Na vzhodni s t ran i istega h r iba pa j e začela v obdobju m e d p rvo in 
d rugo svetovno vojno z eksploatac i jo b a r i t a Tehn i ška komerc ia lna družba , 
ki je tud i imela svoj sedež v L jub l j an i . P ro izvodn ja je bila m a j h n a , 
v le t ih 1934 do 1945 j e znašala pr ib l ižno 6000 ton ba r i t a . 

Tudi iz l i t i j ske jame, k j e r j e po p rv i svetovni vo jn i odkopava la 
svinčevo r u d o r u d a r s k a d ružba Lit i ja , so že od časa do časa prebra l i 
kakšno tono bar i ta . Belega so p roda j a l i po 4000 din za 10 ton, r j a v e g a pa 
po 1500 din za enako količino. 



Med okupaci jo so Nemci poskusil i organiz i ra t i p r idob ivan je ba r i t a 
v Litiji , čeprav zaradi velikega ods to tka SiOj>, ki je znašal 8 %> do 10 °/o, 
z l i t i jsko surovino niso bili zadovoljni . Zarad i pr imesi železa so jo ocenili 
kot n e p r i m e r n o za indus t r i jo barv . K l j u b tem neugodnim las tnos t im so 
v Liti j i le ta 1943 nakopal i 2056 ton bar i ta , le ta 1944 pa še 243 ton. Vse-
boval je 88.1 °/o B a S O j in 9,2 °/o SiC>2. Obogati l i so ga na k r a j u samem 
in pošiljali v Celje, k j e r so ga uporab l j a l i za izdelavo l i topona. 

P o vo jn i so v Plešah t ako j obnovili p ro izvodnjo ba r i t a na h r ibu Čelo. 
Temu r e v i r j u se je leta 1954 pr idruži l še rev i r Vrhovka . V Lit i j i se je 
začela p ro izvodnja ba r i t a šele leta 1952, ko sta se r u d n i k a Pleše in Li t i ja 
združi la pod imenom Posavski rudnik i . V le tu 1956 so na obeh rudn ik ih 
zgradil i mokromehan ičn i separaci j i . Zato se je v let ih 1956 in 1957 p ro -
izvodnja ba r i t a močno povečala. Istočasno pa so začeli v Litiji , prvič po 
d rug i svetovni vojni , ponovno pr idobivat i svinčev koncent ra t . Po le tu 1957 
se j e p ro izvodnja ba r i t a v Lit i j i zaradi pos labšan ja k o n j u n k t u r e zopet 
zmanjša la , konec leta 1959 pa j e bi la us tav l j ena . Med t em časom je n a r a -
ščala pro izvodnja svinčevega koncent ra ta . V r u d n i k u Pleše pa so kon-
t inu i rano odkopaval i ba r i t do le ta 1963, ko so mora l i prenehat i , ke r so 
zaradi mnogo p re sk romnih raziskovalnih del izčrpali zaloge. 

Pro izvodnjo v r u d n i k i h Pleše in Li t i ja n a m kaže 6. tabela. 

6. tabela 
PROIZVODNJA RUDNIH KONCENTRATOV V LITIJI IN PLEŠAH 

Proizvodnja v tonah 

Litija Pleše Skupaj 

PbS BaS04 ZnS BaS04 PbS BaS04 ZnS 

1946 591 __ 591 
1947 — — — 6005 — 6005 
1948 — — — 7543 — 7543 
1949 — — — 5368 — 5368 — 

1950 — — — 2647 — 2647 
1951 — — — 1870 — 1870 
1952 — 473 — 4070 — 4543 
1953 — 5933 — 5100 — 11033 — 

1954 — 3548 — 4523 — 8071 
1955 — 2887 — 5575 — 8462 
1956 118 4200 — 6415 118 10615 
1957 50 6600 — 6635 50 13235 
1958 650 1243 — 5775 650 7018 
1959 620 910 — 5260 620 6170 _ 
1960 724 247 — 5290 724 5537 
1961 735 — — 6425 735 6425 
1962 939 — — 6000 939 6000 
1963 952 155 — 5079 952 5234 
1964 512 1782 259 — 512 1782 259 
1965 388 1729 — — — — — 

Z nov im le tom 1961 j e bil l i t i jski r u d n i k pr ik l jučen k r u d n i k u Mežici 
kot poslovna enota. 



Novo matično pod je t j e j e zgradilo f lotacijo s kapaciteto 100 t rude/24h , 
ki je začela obratovat i poleti istega leta. S t em je bila povečana pro-
izvodnja galenitnega koncentrata . Neka j let pozneje so uredili tud i pr i -
dobivanje bari tnega in sfaler i tnega koncentrata . Izkoristki so znašali 
okoli 90 °/o Pb za svinčevo rudo, 92 °/o do 93 ft/o Zn za cinkovo rudo in 60 ®/o 
do 70 °/o za bar i tno rudo. Z izboljšanim tehnološkim postopkom bi mogli 
predelati s tare odvale, ki vsebuje jo l ,83°/»Pb f 0,47 %>Zn in 3 0 % B a S 0 4 . 
Z rekonstrukci jo izbiralnice bi povečali n jeno predelovalno zmogljivost 
za 50°/o, obenem pa bi jo usposobili za pr idobivanje bar i ta iz s tarega 
f lotacijskega odvala z zadovoljivim izkoristkom. Redna proizvodnja bar i t -
nega in cinkovega koncentra ta se j e začela šele v letu 1964. Rekons t ruk-
cija izbiralnice pa v t em času še ni bilo opravl jena. 

Nahajališča barita v Sloveniji 

Proizvodnja bar i ta v Sloveniji se je razmahnila do pomembnejšega 
obsega šele po drugi svetovni vojni. Ta minera l so imeli p re j za spreml ja-
jočo jalovino svinčeve in tudi cinkove rude. Zato ga s tara poročila poredko 
omen ja jo in še to le mimogrede. Ves barit , ki so ga odkopali obenem 
s svinčevo rudo pred prvo svetovno vojno, in večji del bari ta , odkopanega 
med obema vojnama, leži na odvalih. 

Tudi po drugi svetovni vojni je zan imanje za svinčevo in cinkovo 
rudo često puščalo bar i t v senci. Zato so doslej zbrani podatki nepopolni. 

Š tudi j nahajališč, k j e r so bili registr irani pojavi ba r i t a ter svinčeve 
in cinkove rude, bi n a m dal nove podatke o n j ihovem gospodarskem po-
menu. Vendar n a m rudišča, k je r so doslej že odkopavali galenit, sfalerit 
ali celo bari t , kažejo, s kakšnimi bar i tn imi pojavi lahko računamo v Slo-
veniji . 

Doslej smo po l i tera tur i in lastnih zapiskih ugotovili naslednja n a h a j a -
lišča s podatki o bar i tn ih pojavih: 

Arhov graben nad Zavrstnikom pri 
Litiji 

Belščica v Karavankah na območju 
Jesenic 

Brezno pri Laškem 
Budna vas pri Radečah 
Dobrava pri Litiji 
Dule pri Škoflj ici 
Hras ta r i j a vzhodno od Litije 
Lokavec pri Rimskih Toplicah 
Maljek vzhodno od Lit i je 
Mamol j vzhodno od Litije 
Mari ja Reka pod Mrzlico 
Na Jezeh vzhodno od Litije 
Odanče južno od Golice nad Je -

senicami 
Pasjek pod Polšnikom 

Ples pri Kozjem 
Pleše vzhodno od Škoflj ice 
Počivalnik severozahodno od Tržiča 
Podčešje vzhodno od Litije 
Podkra j pr i Hrastniku 
Probsov kamnolom zahodno od 

Zavrstnika 
Si tar jevec pr i Litiji 
Sancetova ruda blizu Loga pod 

Mangar tom 
Šmar je pri Grosupl jem 
Striglavi ja rek pod Mamoljem 
Volčja j ama pri Zavrstniku 
Vrbetov jarek vzhodno od Litije 
Vrhovka pri Škofljici 
Zagorica pri Litiji 
Zavrstnik pri Litiji 



Posamezna od t eh naha ja l i šč so v severozahodni Slovenij i , v K a r a -
v a n k a h in pod Mangar tom, vsa d r u g a pa v t r i ko tn iku Škof l j ica—Cel je— 
St. J a n ž v os redn j i Slovenij i n a območju Posavskih gub. 

A. Barit v Karavankah in pod Mangartom 

Na t em območju so doslej znani le š t i r j e po jav i ba r i t a , in sicer: 

Šancetova ruda v bližini Loga pod Manga r tom. Bar i t se tu po jav l j a 
kot spreml jeva lec ga len i tne r u d e v p las teh s r e d n j e t r iade. Poleg bar i t a 
in ga leni ta n a j d e m o še pir i t , l imoni t in sadro. Vsi ti minera l i z apo ln ju j e jo 
pre lome s s m e r j o SSW—NNE ali pa j ih sp reml ja jo . Na t em območju j e 
obra toval r u d n i k svinca. 

Belščica v K a r a v a n k a h na območju Jesenic. Tud i t u se ba r i t po jav l j a 
v kompleksn i minera l izaci j i s s ider i tom, pi r i tom, ga leni tom in s fa le r i tom 
v bližini rova Urbas . 

Odanče n a d Jesenicami južno od Golice. Bar i t sp r eml j a ga leni tno-
sfa ler i tno rudo. 

Počivalnik severozahodno od Tržiča. Tu so našli ba r i t z malah i tom, 
azur i tom in t enan t i tom. 

O ekonomski vrednos t i t eh pojavov ni podatkov. 

B. Barit v Posavskih gubah 

Večina naha ja l i šč ba r i t a v Posavskih g u b a h je v ož jem območju 
l i t i j ske ant ikl inale , k j e r so na jzahodne j š i izdanki okoli Pleš, na jvzhodne j š i 
pa, z i z jemo Plesa, pr i Budni vasi, na poti od Radeč pri Z idanem mostu 
prot i Št . J anžu . Tud i v teh m e j a h izdanki n e kažejo kont inui te te , ampak 
so razbi t i n a posamezna območja , k j e r so bol j s t rn jen i . 

Na jveč j e je cen t ra lno območje širše okolice Lit i je. Tu so bar i tn i 
po jav i razvrščeni južno od Save, od Volčje j a m e na zahodu, do Pas jeka 
in Š t r ig lavega j a r k a na vzhodu; r azda l j a med k r a j n i m i po jav i znaša 
okoli 12 km. Izdanki svinčeve r u d e pa t o območje še nekol iko razš i r ja jo . 

Tu so znana od zahoda prot i vzhodu nas l edn ja nahaja l i šča ba r i t a : 
Volčja j ama , Probsov kamnolom, A r h o v graben , Zavrs tnik , Si tar jevec, 
Dobrava , Zagorica, Na jezeh, Mal jek , Podčešje, Vrbe tov ja rek , Hras ta r i ja , 
Mamol j , Štr iglavec. 

Jugovzhodno od L j u b l j a n e so znani pojavi ba r i t a v okolici Škof l j ice : 
Pleše, Dule, Vrhovka , Šmar j e . 

Redko razpore jena so naha ja l i šča bar i ta na območju Št. J anž—La-
ško—Trbovl je : B u d n a vas, Podkra j , Lokavec, Brezno in Mar i j a Reka. 

Od vseh teh naha ja l i šč s ta z u n a j l i t i j ske ant ik l ina le le Brezno in 
M a r i j a Reka, ki je h k r a t i na j severne j š i znani po jav bar i t a na območju 
Posavsk ih gub. 

Osnovni poda tk i o na jd i šč ih so nas ledn j i : 

a) O b m o č j e Š t . J a n ž — L a š k o — T r b o v l j e 

B u d n a vas. Tu p r e v l a d u j e j o paleozojske plasti s k remenov im pešče-
n j a k o m in kong lomera tom ter g l inas t im skri lavcem. P o j a v l j a j o se tudi 



werfenski skrilavec in peščenjak ter t r iadni apnenec. Bari tno-galenitno-
cinabari tna ruda zapoln ju je prelome. Takšne pojave moremo opazovati 
v več kra j ih . Tu je obratoval do začetka našega stoletja rudnik svinca 
v dolini potoka Knapovka. 

Podkraj. Na desnem bregu Save med Hras tnikom in Zidanim mostom 
je bil v p re j šn jem stolet ju rudnik svinca. Poleg PbS se tod pojavl ja ta še 
bar i t in cinabari t . 

Lokavec. Osnovo terena sestavl ja jo plasti paleozojskega kremenovega 
peščenjaka in konglomerata, ki j ih delno pokr ivajo werfenski skladi in 
ponekod školjko vit i apnenec. Rudni minerali , med n j imi prev laduje ga-
lenit, zapoln ju je jo prelome in razpoke v peščenjaku in konglomeratu. 
Bari t n a h a j a m o tu le v redkih kristalih. Lokavec je bil rudnik svinca, 
k j e r so zadnj ikra t rudari l i med prvo svetovno vojno. 

Brezno pri Laškem. Bar i t v te j lokalnosti omenja J e l e n e (1953). 
Marija Reka. S tar rudn ik svinca in živega srebra. Zadn ja poskusna 

proizvodnja živega srebra je bila le ta 1958. Na mladopaleozojskem temnem 
glinastem s l judna tem skrilavcu leži werfenski bel in rdeč s l judnat pe-
ščenjak,. ki vsebuje man j še leče apnenca in dolomita. Plasti vpada jo proti 
jugu pod koti 30° do 60°. 

Samorodno živo srebro in cinabari t se pojavl ja ta v nepravi lnih m a j h -
nih lečah. Razpoke z vpadom 150/50° so zapolnjene s kremenom, bari toni 
in cinabari tom. S e d l a r (1950) navaja , da so bar i tne žile debele do 
40 cm. Tudi M a k u c omenja bar i t in k remen kot spremljevalca cina-
bar i ta . Po njegovih poročilih so posebno bogate s cinabari tom prav 
bar i tne žile. 

Ples pri Kozjem. Iz te lokalnosti omenja bar i tn i pojav J e l e n e (1953). 
V opisanih nahajal iščih bar i ta so v kompleksnih rudah tudi pojavi 

sorodnih rud, in sicer: 

1. V širši okolici Budne vasi so znana nahajal išča svinčevo-živo-
srebrovih rud v k r a j i h Trebel jno-Srednik (Pb, Zn), Log (Pb), Kompolje 
(Pb, Zn), Brunska gora (Pb). To območje p reha ja v okolici Radeč v ob-
močje bakrovih rud z najdišči Močilno (Cu), Sv. Križ (Cu) in Laški po-
tok (Pb). 

Zahodneje na jdemo svinčevo rudo v Padežu in St. J u r j u pod Kumom. 
V okolici Radeč je še več izdankov bakrove rude. 

2. Na območju Podkra ja in Lokavca se pojavl ja mineralizacija s svin-
cem v Velikih Š i r j ah pri Zidanem mostu, Loki in Rudi, medtem ko 
tvori jo pojavi v Dobravi (Pb), S t r an ju (Pb, Zn), Zabukovju (Pb), Ledini 
(Pb, Zn), Tržišču (Pb, Zn) in Mokronogu (Pb, Zn) zunanjo cono rudnih 
pojavov bari tnega območja. 

3. V okolici Brezna pri Laškem in Mari je Reke ni drugih znanih 
bar i tnih pojavov, pač pa so vzhodno od tod še nahaja l išča sorodnih rud : 
Zikovica pr i Laškem (Pb), Padež (Pb), Svetina (Pb), Celje-Stari grad (Hg). 
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b) O k o l i c a Š k o f l j i c e 

Pleše. Jedro doslej znanih pojavov bar i ta na tem območju je v hr ibu 
Čelo (421 m) nad vasjo Dule. 

Osnovo rudišča sestavlja karbonski kremenov peščenjak, ki tu in t am 
p reha j a v k remenov konglomerat . Ti kamenini često p rekr iva temen 
glinasti skrilavec, ki delno tvori talnino t r iadnega dolomita. Ekonomsko 
na jpomembnejša orudenenja so na kontak tu glinastoskrilave krovnine 
mladopaleozojskega peščenjaka s t r iadnim dolomitom v obliki leč, ki 
dosegajo debelino 0,3 do 4 m, horizontalno dolžino 50 do 100 m in širino 
50 m. Leče so s kontaktom paleozoik-triada vred nagnjene pod približno 
40° proti severovzhodu. Manjše leče bar i ta imajo smer tudi pravokotno 
na smer večjih. 

Bari t se, razen v kompaktn ih telesih, više pojavl ja tudi v samem 
dolomitu, in sicer kot vezivo v ožjih razpokanih in zdrobljenih dolomitnih 
conah, redko debelejših od 1 m. P rav tako sega bar i t v tanjš ih žilicah 
v globino, k j e r često spremlja galenit v poroznem peščenjaku. Globlje se 
pojavl ja tudi sfalcrit . Mejni nivo med zgornjim, bar i tn im delom rudišča 
in spodnjim, bari tno-galenitno-sfaler i tnim delom je približno na višini 
izvoznega rova Celo ( + 320 m). 

Kaže, da so rudonosne raztopine pr ihaja le v to območje po prelomih 
smeri NW—SE. Posebno ugodni pogoji za koncentracijo orudenenj so 
obstajal i na kra j ih , k j e r so raztopine po razpokah naletele na karbonatne 
kamenine, to je na kontak tu t r iadnega dolomita in plasti mlajšega pa-
leozoika. 

V p re j šn jem stolet ju so v t em rudišču odkopavali svinčevo rudo. Barit 
so začeli izkoriščati po prvi svetovni vojni. 

Vrhovka. Tu so nekoč izkoriščali svinčevo rudo, ki je poleg bari ta 
v podobnem geološkem položaju kot v drugih delih rudišča Pleše. 

Dule. Tudi tu so v pre teklem stolet ju odkopavali svinčevo rudo. 
Šmarje pri Grosupljem. Izdanek bari ta z galenitom po J e l e n c u 

(1953). V širši okolici so znani še naslednj i sorodni rudni pojavi : 
Molnik (Pb, Zn), Podlipoglav (Pb) in Sostro (Pb). 

c) Š i r š a o k o l i c a L i t i j e 

Volčja jama. S ta ra dela pod Ščitom in Jas t rebnikom. Tu je bil rudnik 
s topilnico. Pri Andre jčku pr i mlinu so sledovi starih rovov in žlindre. 
Omen ja jo izdanke svinčeve rude in izdanke bari ta. 

Probsov kamnolom zahodno od Zavrstnika. Ob cesti Zavrs tnik—Ljub-
l jana, med Olbanom in Mlavčarjem, so v Probsovem kamnolomu sledovi 
galenita in bari ta. 

Arhov graben. Ob poti od Potočnika proti Zavrstniku je žila bar i ta 
z l imonitom in goethitom, debela 50 cm. Ob isti poti je izdanek bar i ta 
ob vznožju pobočja nad kmet i jo Arh. 2i la je debela 60 cm. 

Zavrstnik. To rudišče je pod južnimi obronki hr iba Si tar jevec na 
območju nasel ja Zavrstnik. Od Si tar jevca je ločeno z nad 300 m široko 
cono, v kater i doslej nismo našli pomembnejš ih rudnih pojavov. Osnova 
rudišča je zgrajena iz mladopaleozojskega kremenovega peščenjaka in 



konglomerata ter glinastega skrilavca. Na tem območju so jamska dela 
s tarega rudnika , k i je nehal obratovat i 1.1855 in ga je zalila voda. 

L. 1959 sta si po predhodnem izčrpavanju vode in raziskovalnih delih 
na nivoj ih +212 m in + 1 8 5 m ogledala dostopni del rudišča Jože Duhovnik 
in F ranc Drovenik. Obs ta ja jo pa tudi dobre stare jamske kar te . Rudišče 
tvori v glavnem galenitno-sfaler i tno-bari tna žila s smer jo WNW—ESE 
in s t rmim vpadom proti NNE. Debelina te žile, ki vsebuje tudi k remen 
in kalcit, redko pa še pirit in halkopirit , znaša 10 do 30 cm, povprečno 
pa 15 cm. Zunanj i , sfaleri tni deli žil kažejo na na jveč jo relat ivno starost 
tega minerala . Prot i globini se sfaleri t razpršuje , mineralizacija izgublja 
značaj žile in dobiva obliko impregnaci j . Na nekater ih k r a j i h doseže 
debelina orudene cone z impregnaci jami vred tud i do 5 m. Vsebina Pb 
se z globino zmanjšu je , bar i t in kalcit pa se izgubljata. 

Rudišče je nad nivojem +212 m v glavnem odkopano. S svincem 
bogati deli so ver je tno odkopani tudi niže, do nivoja +193,5 m. Ostafe 
ruda je relat ivno siromašna s Pb in vsebuje več Zn, po oceni D u -
h o v n i k a in D r o v e n i k a povprečno 0,7 °/o Pb in 3 °/o Zn v odkopnih 
blokih debeline 1 m. 

Striglavec. Med znanimi nahajališči bar i ta v širši okolici Li t i je so 
pojavi v dolini potoka Striglavec med najvzhodnejšimi. Osnovo tega 
območja tvori mladopaleozojski kremenov peščenjak. Vmes so ponekod 
tudi plasti temnega glinastega skrilavca. 

Na območju Štriglavca je več s tar ih rudarskih del in odvalov. Na 
nekater ih na jdemo kose rude, ki vsebuje sfalerit, galenit in bari t . Bari t 
se pojavl ja le v severnem delu območja Štriglavca. Velike kose bari ta 
na jdemo na odvalu rova, zgrajenega v kremenovem peščenjaku n a višini 
približno +350 m desno od potoka. Vmes na jdemo tudi galenit m 
sfalerit . Prot i vzhodu spremljamo bar i tne pojave na severnem pobočju 
Velike nj ive, k j e r je C i g 1 a r (1962) našel v potokih kose bar i ta z gale^ 
nitom. Bar i tna cona se vleče tudi proti zahodu, k j e r je izdanek bar i ta 
severozahodno od Ognj ičar ja . Ta izdanek so leta 1959 podkopali z rovom. 
Njegov odval vsebuje kose kremenovega peščenjaka, vmes pa tudi precej 
bar i ta z galeni tnimi impregnaci jami. 

Hrastarija. Več rovov z bar i tom in galenitom na odvalih je v j a rku 
Popilovna in ob potoku Hras tar i ja . Ti pojavi so ver je tno podaljški 
bari tno-galeni tnih rudn ih žil, znanih iz Štriglavca in Pas jeka na vzhodu. 

Mamolj, Pas jek. Večina doslej opisanih del in izdankov vzhodno od 
Litije je razporejenih po severnih pobočjih Mamolja. Sem spadajo dela 
pod Sv. Janezom, v Štr iglavem ja rku , Hrastar i j i in ob zahodnem delu 
Polšenskega potoka. Pojavi rude na območju zadnj ih dveh potokov so 
često opisani tudi pod imenom Pasjek. 

Vrbetov jarek. Med Spodnj im logom in Mal jekom je bari tni izdanek 
ob poti v Vrbetovem jarku. 

Maljek. Na območju potoka Mal jek so sledovi zelo intenzivnega 
ruda r j en ja . Rovi so bili usmer jen i iz doline potoka pod hribe Špilj, Gra-
dišče, Srednj i hr ib in Tri hraste. Ta rudarska dela so sekala in spremljala 
pretežno svinčeve in cinkove rudne žile. 



T o r n q u i s t (1929) je zapisal, da plasti peščenjaka in skrilavca 
vpada jo prot i severu, žile pa imajo smer NW—SE. Rudni pojavi nastopajo 
približno 1 k m od Maljeka. Na tem območju je po T o r n q u i s t u 12 rud -
nih žil; severnejše so bogatejše kot južnejše. S starimi deli so izkoriščali 
le sorazmerno plitva območja nad okolnimi dolinami. Globlji deli so ver-
jetno nedotaknjeni . Leta 1930 so 300 m vzhodno od us t ja potoka Maljek 
na višini 8 m nad Savo začeli kopat i rov v smeri 165° 30' z namenom, da 
podkopljejo vse rudne žile tega rudonosnega pasu do Jablanice. Na 50 m 
rova so naleteli na 20 cm debelo žilo sfalerita, kmalu nato so prišli do 
prelomne cone s smer jo 65® in vpadom proti SE. Bari tno žilo, debelo 
15 cm, so našli v zgornjem, Svetlinovem rovu na drugem križišču. Koščke 
bari ta , galenita in sfaleri ta pa na jdemo razen v Hrastovem potoku po vsej 
poti skozi Bukov graben. Bar i tna žila, k i p r iha ja na površino na v rhu 
hr iba Spilje, ima smer SE—NW, vpada proti NE pod kotom 60° in je po 
P a s t o r j u (1953) debela 80 cm. 

Na jezeh. Star i rovi in nasipi z galenitom in bar i tom na območju 
vzhodno od Samčeve žage pr ičajo o intenzivnem r u d a r j e n j u v preteklosti. 
Na grebenu, ki vodi proti SE, nastopa mineralizacija z galenitom in 
bar i tom v karbonskem peščenjaku in konglomeratu vzdolž prelomov po-
večini s smer jo 20 do 30°. Po D u h o v n i k u (1947) znaša debelina rudnih 
žil, glede na kose v potoku, na jveč 90 cm. V n j ih je 2 do 3 °/o, na jveč 
5°/oPb. Avtor pa ne omenja, ali je v rudnih žilah poleg galenita samo 
bari t ali nas topajo v večjih količinah še drugi minerali. 

Zagorica. V Zagorici so s tara rudarska dela razporejena na pobočjih 
št ir ih dolin: Velika dolina n a d Kokolom, Šimenčkova dolina nad Pla-
ninškom, Slatenska dolina nad 2ago in Ojs termanova dolina nad Jezom. 
Na odvalih na jdemo bari t in galenit. Na robu pobočja med Šimenčkovim 
in Slatenskim potokom je v zrušenem rovu izdanek bari ta. Obs ta ja jo po-
da tk i o 4 rudnih žilah s smer jo 273° do 310° in z vpadi 28° do 805 

proti NE. Le ena vpada pod 50° proti SW. 
Sitarjevec. Gozdnat hr ib Si tar jevec južno od Litije je zgrajen iz 

mlajšepaleozojskega s l judnatega kremenovega peščenjaka, temnega gli-
nastega skrilavca in bolj redko iz kremenovega konglomerata. Skrilavci 
in peščenjaki se pogosto pojavl ja jo izmenoma v tanjš ih ali debelejših 
plasteh. Na območju jamskih del Si tar jevca vpada jo plasti generalno 
proti W pod koti 25° do 45°, r u d n e žile pa imajo- smer NW—SE in vpada jo 
v g lavnem proti NE. 

Rudne žile so zapolnitve predrudnih razpok. Post rudna tektonika je 
intenzivnejša. Izraziti so postrudni prelomi smeri SW—NE. Rudišče je 
snop več kot 40 rudnih žil in žilic, od kater ih pa je le okoli 30 °/o renta-
bilnih za odkopavanje. Žile so najčešče nagnjene pod kotom 40° do 50° 
proti NE; vsebuje jo galenit in bar i t in imajo v sedaj znanih delih do 60 cm 
BaSOi in do 10 cm PbS. V pre jšn j ih časih pa so odkopavali tudi žile 
debeline nad 2 m, npr . žilo Alma. Če spreml jamo parageneze najvidnejš ih 
mineralov od zgoraj navzdol, vidimo, da je v zgornjih delih cinabarit , ki 
običajno spremlja barit , z bar i tom pa nastopa tudi galenit. Niže se 
na jp re j počasi umika barit , na to pa še galenit. š e preden se bar i t po-
polnoma umakne, nastopi sfalerit . Njegova koncentraci ja z globino na-



rašča in preide v telesa, k j e r popolnoma prevladuje . Z n j im nastopa 
kremen, ki ga končno v globini zamenja , tako da rudišče preide v jalove 
krem eno ve korene. 

Večje žile so v Si tar jevcu sledili z rudarsk imi deli po vpadu 100 m 
do 150 m v višinskih interval ih 50 m do 100 m, vendar v teh interval ih 
v nobeni žili nismo mogli spremlja t i vsega prehoda od n a j plitvejših do 
najglobl j ih paragenez po podani shemi, ampak smo si lahko sliko o za-
pored ju paragenez ustvaril i po opazovanj ih posameznih delov rudnih žil 
v različnih lokalnostih. Prot i jugovzhodu j e sistem rudn ih žil p rek in jen 
s cono glinastega skrilavca. Sistem orudenelih razpok se ponovno pojavi 
na jugovzhodni strani te cone. 

To so v letu 1962 in 1963 pokazale t r i globinske vr t ine na območju 
Dobrave. S temi vr t inami smo presekali na 18 mestih rudne pojave, in 
sicer v intervalu -r235,60 m do +111,00 m; imajo tore j višinsko ampli tudo 
174,60 m in so razporejena na razdal j i prek 300 m. Kako daleč sega 
orudenenje iz opisanega smernega in globinskega intervala, bo t reba še 
ugotoviti z nada l jn j imi raziskavami. 

Poleg opisanih nahajal išč bar i ta na jdemo na is tem območju od vzhoda 
prot i zahodu še nas lednje sorodne rudne pojave brez bar i ta : Preska (Pb), 
Polšnik (Pb), Pust i malen (Pb), Grmada (Pb, Zn), Jablanske Laze, (Pb, 
Zn), Jablanica (Pb, Zn), Tenetiše (Pb), Breg (Pb), Grmača (Pb), Š tan -
garska Pol jana (Pb), Kresniški v rh (Pb), Š tanga (Pb), Gozd Reka (Pb, Hg), 
Jevnica (Pb, Zn), Prežganje (Pb) in Andrejevec (Pb). 

Ni podatkov o ba r i tu severno od Save v širši okolici Litije, ver -
je tno se t a m ne pojavl ja . 

Zaloge barita v Sloveniji 

Razlikujemo dva glavna t ipa bar i tn ih orudenenj , in sicer t ip Pleše 
in l i t i jski tip. 

Tip Pleše nastopa lečasto in je relat ivno čist, l i t i jski t ip pa ima žilne 
oblike z m a n j čistim bar i tom in s pr imesmi galenita in drugih mineralov. 
Litijski t ip bar i tn ih teles j e bolj razši r jen kot t ip Pleše in j e ver je tno 
zastopan tudi na območju rudišča Pleše v karbonskem peščenjaku. Zato 
je li t i jski žilni bari tno-galeni tni t ip rudnih teles za pr idobivanje bar i ta 
bolj pomemben kot t ip Pleše. 

Nimamo še podatkov o ekonomski vrednost i bar i ta v Ka ravankah in 
pod Mangartom. Tudi pomena bari tnih nahaja l išč na območju St. Janž— 
Laško—Trbovlje sedaj še ne moremo oceniti. Seveda vel ja to prav tako 
za okolico Pleš in Litije, čeprav imamo o tem območju na jveč podatkov. 

Za zdaj smo ocenili zaloge bari ta le na območje Pleš in Lit i je; pr i -
kazali smo j ih na 7. tabeli. Skora j vse zaloge kategori je A so na s tar ih 
bar i tn ih odvalih na jugovzhodnem pobočju Sitar jevca, k j e r so jih odlagali, 
ko so odkopavali svinčevo rudo, bar i ta pa še niso izkoriščali. Skupne 
zaloge bar i ta vseh kategori j znaša jo sedaj v Litiji in Plešah 217 000 ton. 
Ta količina n i t ako neznatna, ka j t i znaša skora j 8 °/o zalog sedanj ih 
rudnikov bar i ta v Jugoslaviji . Zanimiva je p r imer java slovenskih zalog 
bar i ta z zalogami proizvajalcev te surovine v Jugoslavij i (8. tabela). 



ZALOGE BARITA V PLEŠAH IN LITIJI V ZAČETKU LETA 1964 

7. tabela 

Kategori ja zalog (v tonah) S topnja 
I ^ z i s Č 6 '' •' • • • • — - . - r f l z i s l ed i l o s t i 

A B A f B C, A + B + C i C2 A + B + C i + C 2 (A+B) : (C1+C2) 

— 710 710 — 710 16000 16710 0,04 
Lit i ja ležišče 1511 2094 3605 16841 20446 50000 70446 0 05 

halde 30000 — 30000 — 30000 — 30000 — 
Nahajališča v širši 
okolici Liti je — — — _ _ lOOOOO 100000 0,00 

Skupaj ležišča 1511 2804 4315 16841 21156 166000 187156 0 02 
Skupaj halde 30000 — 30000 — 30000 — 30000 

Ležišča + halde 31511 2804 34315 16841 51156 166000 217000 

Opomba: Zaloge v Plešah ocenil Ciril Janžel j . 
Zaloge v Litiji ocenil ing. Milan Fabjančič. 
Zaloge v širši okolici Litije ocenila ing. Jože Tiringer in ing. Boris 
Berce v začetku leta 1956. Pr i teh zalogah 
se s tanje od 1. 1956 do 1.1964 ni bistveno spremenilo. 



ZALOGE B A R I T A V J U G O S L A V I J I 
8. tabela 

Ležišče 

Lokve 
Ričice 
Topusko 
L jubov i j a 
Velika Kladuša 
Gorn j i Vakuf 
Kreševo 

30000 

51000 

S k u p a j 
Sloveni ja 
(brez odvalov) 

81000 
1511 

Ka tegor i j a zalog (ton) 

B A + B Cj Ci C i + C * 

79000 79000 30000 8000 38000 
90000 90000 91000 — 91000 
28000 58000 56000 400000 456000 

300000 300000 150000 150000 300000 
29000 80000 221000 — 221000 
21000 21000 — 100000 100000 

375000 375000 — 400000 400000 

922000 1003000 548000 1058000 1606000 
2804 431H 16841 166000 182841 

A + B + C i + C j > 

S t o p n j a 
- raziskanost i 
( A + B ) : ( C i + C t ) 

117000 
181000 
514000 
600000 
301000 
121000 
775000 

2609000 
187156 

2,08 
0,99 
0,13 
1,00 
0,36 
0,21 
0,93 

0,62 
0,02 



K l j u b zna tn im za logam ba r i t a n iž j ih ka tegor i j v Sloveniji , v id imo 
po p r i m e r j a v i s topn je raziskanost i , da so s lovenska na jd išča bar i ta mnogo 
slabše raz i skana ko t j e povpreč je v Jugos lavi j i in da je ta surovina v Slo-
veni j i popolnoma z a n e m a r j e n a . Za to so po t rebna izdatna v l agan j a v 
raz iskave rudišč, ki v sebu je jo tud i bari t , da bi t ako ustvar i l i možnost i za 
no rma lno p ro izvodnjo b a r i t a v Slovenij i . To tud i zato, ker j e p ro izvodnja 
ba r i t a v osnovi tehnološko že organiz i rana v Litiji . P r edvsem je po t rebno 
preka tegor iz i ra t i zaloge C2 v zaloge viš j ih ka tegor i j . Čeprav l i t i jski ba r i t 
n i t ako kva l i t e ten ko t ba r i t iz Pleš, za pro izvodnjo ba r i tn ih cementov 
v e n d a r us t reza brez f lo tac i j ske predelave. Tipični vzorec l i t i jskega bar i t a 
v sebu j e : 

Takšna kemična ses tava pa ne us t reza pogojem, ki j ih pos tav l ja jo 
g lavni porabn ik i ba r i t a p r i n a s in na z u n a n j e m tržišču. Zato so v Lit i j i 
uvedl i f lo tac i j sko p r i dob ivan j e bar i t a . Na ta način so zboljšali n jegovo 
kakovost . F lo tac i j sko pr idobl jen ba r i t j e že v začetku pro izvodnje vse-
boval : 

B a S 0 4 

SiO ž 

MgCOs 
C a C 0 3 

S r S 0 4 

A I 2 O 3 

P b S 
Fe 
F 

90,46 % 
5,28 % 
2,55 % 
1,10 % 
0,52 % 
0 , 1 6 % 
0 , 1 5 % 
0,08 % 
0,05 % 

100,35 % 

BaS04 
S i 0 2 

C a O + M g O 

95 % do 98 % 
3 % do 0,2 % 

0,5 % do 0,1 % 
0 , 5 % do 0 , 1 % P b 

F e 
M n 
H2O 

0 , 3 % d o 0 , 0 1 % (povprečno 0,15) 
0,003 % 

6 % do 8 % 

G r a n u l a m e t r i j s k o sestavo f lo tac i jskega bar i t a kaže 9. tabela. 

GRANULAMETRIJSKA SESTAVA FLOTACIJSKEGA BARITA 

9. tabela 
Frakcija s premerom zmc 

(v mikronih) Utežni odstotek 

120 in več 
90 do 120 
60 do 90 
40 do 60 
40 in man j 

0,0 do 1,3 
0,5 do 10,0 
4,7 do 16,5 

10,5 do 19,0 
44,0 do 80,0 



Tudi t a ba r i t še n i m a vseh las tnost i v i sokokval i te tnega bar i ta , v e n d a r 
ga je možno z n a d a l j n j i m i pos topki zboljšati . V t a n a m e n ga je t r eba 
belit i , mle t i do g ranu lac i j e 40 mikronov , pa tud i 15 do 20 mikronov , 
izžgati f lo tac i j sk i f i lm, ki o b d a j a zrnca f lo tac i j sko pr idobl jenega bar i t a , 
ods t ran i t i okside železa in d ruge škodl j ive pr imesi t e r ga us t rezno pa -
ki ra t i . Te pos topke bo t r eba v Li t i j i u v a j a t i zaradi ren tabi lnos t i obra to-
v a n j a , k a j t i l i t i j ski rudn ik bo lahko obs t a j a l in p ro izva ja l v isokokval i te tn i 
ba r i t le v p r imeru , če bo pro izva ja l tud i cenejše bar i te , u p o r a b n e za 
ba r i j eve cemente in za d r u g e potrebe. P o poda tk ih o dosedan j i p ro izvodnj i 
svinca v Li t i j i sk lepamo, da m o r a izkopnina p r i s edan j ih p r o d a j n i h in 
pro izvodnih pogoj ih za svinec* vsebovat i 4,2 0/o Pb , d a b i bi lo o b r a t o v a n j e 
ob i zk l jučnem izkor i ščanju svinčeve r u d e rentabi lno . Za r en tab i lno p r i -
d o b i v a n j e b a r i t a b rez svinca pa j e za cenejše v r s t e ba r i t a po t r ebna 
izkopnina s 50 u/o BaSC>4, za d r a ž j e pa s 40 °/o BaSC>4. Ti poda tk i kažejo , 
da p ro izvodn ja posamezne m i n e r a l n e surovine v Liti j i , p a n a j g r e za 
svinec ali bar i t , p r i s edan j ih zalogah v j a m i n e bi bila ren tab i lna . 

Tud i če b i poleg svinca pro izva ja l i še n izkokval i te tn i bar i t , n e b i 
dosegli rentabi lnos t i . Le s k u p n a p ro izvodn ja svinca in v isokokval i te tnega 
ba r i t a b i bila r en t ab i lna ; p r i t e m bi bilo možno proizvaja t i vzporedno 
tud i cenejš i ba r i t za cementno indus t r i jo . 

P o k r a t k e m pregledu o s t a n j u surovinske osnove lahko rečemo, da je 
iz kompleksne l i t i j ske r u d e možno ren tab i lno pr idobiva t i bar i t , k e r j e 
m e d r u d n i m i zalogami 100 000 ton r u d n i h odvalov, p r i ka t e r ih j a m s k i 
s t rošk i odpadejo . Venda r j e osnovna p ro izvodn ja r u d e v j a m i ; t u p a so 
r u d n e zaloge viš j ih ka tegor i j sko ra j izčrpane. D o nedavnega tud i zaloge 
n iž j ih ka tegor i j niso bi le znane. Z raz i skavami geološkega oddelka r u d -
n ika Mežica po l e tu 1963 pa so se zaloge n iž j ih ka tegor i j povečale. Venda r 
zaradi p o m a n j k a n j a s reds tev in težav p r i i zbo l j ševan ju tehnološkega po-
s topka p r i p ro izvodnj i raz iskovalna dela le počasi n a p r e d u j e j o . Da bi 
povečali p ro izvodnjo ba r i t a in svinca v Litiji , bi mora l i p r edvsem vlagat i 
več s reds tev v raz iskovalna dela. 

Problematika geoloških raziskovanj baritnih nahajališč 

Čeprav l ahko r a č u n a m o v Sloveni j i še z določenimi zalogami ba r i t a 
brez zna tne j š ih pr imes i d rug ih minera lov , j e g lavni del zalog ba r i t a 
v kompleksn ih rudah , k i v sebu j e jo poleg b a r i t a t u d i galenit , c inabar i t in 
c inkovo svetlico. Vsi t i minera l i dosežejo na posameznih območj ih po-
m e m b n o koncen t r ac i j o t u d i kot posamezne rudne1 komponen te . Med 
naha ja l i šč i ba r i tno-sv inčevo-c inkovih i n so rodn ih r u d v SlofVeniji 
so rudišča , v k a t e r i h se po j a v l j a b a r i t v p o m e m b n e j š i h kol i -
č inah, v man j š in i . V e n d a r n a m izkušn je kažejo, da so r u d n e žile, ki 
v sebu j e jo tudi ba r i t , m e d vsemi r u d n i m i po jav i v Posavskih g u b a h 

* Cena 250 000,00 S-din/t rafiniranega svinca, 4000,00 S-din/t rude, 3000,00 
S-din stroškov za predelavo 11 rude v izbiralnici, izkoristek v izbiralnici 90 
v topilnici 95 %, topilniški stroški 30 000,00 S-din na 11 koncentrata z vsebino 
65 % Pb. Letni obseg proizvodnje 20 000 ton rude. 



najbol j stalne in zato najpomembnejše . Zato je smotrno, da damo pri 
bodočih raziskovalnih delih na tem območju prednost prav galenitno-
bar i tnim orudenenjem v predrudnih, morda ponekod tudi medrudnih 
razpokah s prevladujočo smer jo NW—SE. Po Tornquistovi teorij i na j bi 
bila na jbogate jša rudna telesa v Posavskih gubah interstrat i f icirane rudne 
plasti, podobno kot pri Pb-Zn ležiščih v Karavankah. Novejše raziskave 
pa so pokazale, da gre v Posavskih gubah za diskordantna rudna telesa, 
ka r postavlja raziskovalna dela na bistveno drugačno osnovo. Dokaz za to 
nam nudi jo zlasti opazovanja v Litiji. Osnovni kr i te r i j pri u smer j evan ju 
raziskovalnih del tore j ni ožja s t ra t igrafska opredelitev rudonosnega 
horizonta, ampak predvsem smer predrudne dis junkt ivne tektonike na 
območju nekdan j ih emanaci jskih centrov rudonosnih raztopin. 

Kl jub temu pa ima jo z bar i tom orudeneli prostori v Posavskih gubah 
tudi svoje s t ra t igrafske meje. Na Slovenskem ni bil doslej v terciarnih 
sedimentih na jden noben pojav nit i bar i tne rude nit i drugih rud z bar i t -
nega kompleksa. V t r iadnih plasteh v Posavskih gubah se po jav l ja jo 
svinčevo-cinkove rude (Stranje, Ledina, Mokronog), medtem ko se bar i tna 
orudenenja ne oddal ju je jo od kontakta mlajš i paleozoik-triada v smeri 
s t ra t igrafsko mlajš ih plasti. V glavnem pa se telesa svinčevih, cinkovih, 
bakrovih, antimonovih, živosrebrovih rud in bar i ta pojavl ja jo v paleozoj-
skih plasteh. To kaže na mladopaleozojsko in delno še s tarotr iadno starost 
rudotvornih procesov na tem območju. Sklepamo, da je spodnji del 
werfena zgornja meja kompleksnih rudišč s pomembnejšo koncentraci jo 
bar i ta na območju Posavskih gub. 

Kazen diskordantnega položaja rudnih žil bar i tnega kompleksa, kaže 
na hi t rotermalni nas tanek še c o n a m a teks tura rudnih žil, pri čemer so 
vsokotemperaturni mineral i (npr. ZnS) koncentr irani ob mejn ih površinah 
in spodnj ih delih žil, n izkotemperaturni mineral i pa v srednj ih in zgornjih 
delih žil (HgS). Bari t in galenit sestavljata zgornje in osrednje dele rud -
nih žil. Zato je raziskovanje na območju bar i tnih in bari tno-galenitnih 
izdankov ugodno, ker lahko pod n j imi pr ičakujemo še obsežne dele rud -
nih žil, ki se raztezajo v globino. Upoštevati pa je t reba, da so rudne žile 
pogosto prekin jene s prelomi, ka r otežuje raziskovalno delo in odkopa-
vanje . 

Ob nas t a j an ju bar i tn ih ležišč ver je tno ni bil povsod prisoten t r iadni 
pokrov, ki je, kot kaže, imel s svojimi karbonatnimi plastmi določen 
vpliv na rudotvorni proces. K j e r so rudonosne hidrotermalne vode dosegle 
karbonatne kamenine, je prišlo v n j ih do intenzivnejšega odlaganja 
BaS04 ob delnem razvoju metasomatskega procesa. Takšen pr imer imamo 
v Plešah. Nada l jn je raziskave bodo morale pokazati, če je to povzročilo 
dekoncentraci jo bar i ta v nižjih paleozojskih klastičnih kameninah, k j e r 
so se v razpokah usedali galenit, sfalerit in drugi minerali . Na območjih, 
k je r ni bilo t r iadnega pokrova, je bar i t v paleozojskih kameninah izdatno 
zastopan. Do podobnih ugotovitev je namreč prišel tudi J e r e m i č 
v Veliki Kladuši in drugod, da se bari t pojavl ja v glavnem v karbonatn ih 
kameninah in le v pr imerih, če teh ni, je koncentr iran v grobo klastičnih 
sedimentih. Med bosanskimi paleozojskimi bari tnimi ležišči jih je 60 °/o 



v karbona tn ih kameninah (apnenec, dolomit, marmor) , 30 °/o v grobo 
klastičnih sedimentih (peščenjak, konglomerat , breča) in 10 °/o v gl inastem 
skrilavcu. V Bosni so torej karbona tne kamenine imele pr i rudotvornih 
procesih vlogo koncent ra tor jev rudn ih substanc in zato t am nas topajo 
relat ivno bogatejša bar i tna r u d n a telesa. Na območju Posavskih gub pa 
so med mladopaleozojskimi plastmi ka rbona tne kamenine samo iz jemno 
zastopane. Zato pri nas v paleozoiku n i prišlo do nas tanka velikih 
metasomatskih rudn ih teles. Na ka rbona tne kamenine so bar i tonosne 
t e rme naletele le v spodnjem delu werfena , k j e r je obstajal . Zadn ja ba r i tna 
telesa so nas ta ja la v spodnjem delu triade, na ka r kaže položaj bar i tn ih 
leč v Plešah. Zato pozneje ni moglo pri t i do metasomatskih koncentraci j 
bar i ta v mla jš ih ka rbona tn ih kameninah. V naših rudnih žilah v paleozoj-
skih plasteh pa so se koncentr iral i poleg bar i ta tudi drugi koristni mi-
nerali, zlasti galenit in sfalerit , k a r povečuje vrednost teh rudišč. Orudene-
n j a v t r iadnih plasteh, med kater imi ni več bari ta , so le r udne tvorbe 
pos thumnih t r iadnih emanacij . 

Vprašan je raztezanja bari tno-galeni tno-sfaler i tnih žil v globino za 
sedaj še ni rešeno. Vsekakor pa lahko pr ičakujemo, da dosegajo večje glo-
bine, kot so običajno smatral i nekater i geologi in rudar j i , ki so razprav-
ljali, ali je ver je tno, da segajo v Litiji rudna telesa pod savsko obzorje 
( + 248) ali ne. 

Danes vemo, da tudi bar i tna rudna telesa segajo pod današn je n a j -
nižje obzorje +192 m. ka r govori še za znatne globine baritno-svinčevega, 
svinčevo-cinkovega in cinkovega globinskega intervala. Z globinsko vr t ino 
št. 5 v Dobravi smo na sledove PbS in B a S 0 4 naleteli še na nadmorski vi-
šini + 111 m. 

Metoda raziskovanj z globinskim v r t an j em se je pokazala pri razisko-
van ju kompleksnih rudn ih žil v okolici Litije kot zelo uspešna. Dala je 
h i t re in zanesljive rezul tate o orudenih območjih. Zato bi jo morali tudi 
v bodoče uporabl ja t i . Geološke raziskave n a j bi bile usmer jene k dolo-
čan ju ožjih orudenih območij za raziskovanje z globinskim vr tan jem. Pri 
t em delu bi uporabl ja l i tudi pomožne raziskovalne metode geofizike, 
geokemije in druge. Prednost bi bilo t reba dat i t is t im območjem, v ka -
ter ih bi mogli zaradi ugodnih pogojev novoodkri te zaloge kmalu od-
kopavati . Takšni pogoji so predvsem v okolici Litije. S t em bi omogočili, 
da bi rudnik Lit i ja postopno povečal proizvodnjo bar i ta in svinca, pa 
tudi cinka. 

Pri jamski rudarski eksploatacij i so ob zadovoljivih hidrogeoloških 
pogojih najbol jše možnosti za doseganje dobrih ekonomskih rezultatov do 
globin 300 ali 400 m pod površino (J a n k o v i č , 1960). Zato j e t r eba 
raziskave z globinskim v r t a n j e m omeji t i na globino do 300 m. Večji del 
tega območja je v Posavskih gubah čista celina, v kater i ni bilo še nit i 
raziskav nit i eksploatacije, k l jub geološkim pogojem za odkr ivan je novih, 
predvsem baritno-svinčevo-cinkovih orudenenj . Zato bi bilo t reba vlagati 
v t e raziskave znatna sredstva ob sodelovanju podjet i j , ki so zainteresi-
r ana za bar i t ter svinčev in cinkov koncentrat . 



ABOUT BARITE OCCURRENCES IN SLOVENIA 

This assay gives a survey of bar i te occurrences in Slovenia and adds 
them their economic dimension f r o m the aspect of production and uses of 
bar i te in technic and indust ry as well as the turnover of this mineral 
mat te r to the world extent. Thus proportions for valuation of the 
significance of production, domestic consumption and export of Yugoslave 
bar i tes are created and a s ta tement is made tha t Yugoslavia is one of the 
ten greatest world producers of barite. 

The author deals wi th the possibilities of discovering new bar i te ore 
reserves in Slovenia. On this area two bar i te mines, Pleše and Litija have 
been active. The concentration of B a S 0 4 in Pleše bar i te (93 °/o to 99 °/o) 
was higher t han in tha t of Lit i ja (88 °/o to 95 %>) and therefore the 
qual i ty of the f i r s t one is considerably bet ter . By processing and o ther 
improving operations also f rom the Litija lead-zinc-barite complex ores 
bar i te products of high grade quality can be gained. On such principles 
the new introduced production of bari te is developing in Litija, which 
is by now the single active bar i te mine in Slovenia. 

However, the assurance of exploatable bar i te containing ores becomes 
a burn ing question. 

In Slovenia the following bar i te occurences are known: Sancetova 
ruda , Odanče, Belščica, Počivalnik, Dule, Pleše, Vrhovka, Šmar je , Volčja 
jama, Probsov kamnolom, Arhov graben, Zavrstnik, Si tar jevec (the mine 
Litija), Dobrava, Zagorica, Na jezeh, Maljek, Vrbetov jarek, Podčešje, 
Hrastar i ja , Mamolj , Pasjek, Striglavec, Mari ja Reka, Podkra j , Brezno, 
Budna vas, Lokavec, and Ples. 

Most of these locations a re scattered in tectonic unity of Sava folds 
on the area of the Lit i ja anticline. 

There a re two main types of bar i te deposits in Slovenia: the Pleše-
and the Liti ja-type. The significance of the first of them is more or less 
regular lense fo rm of ore bodies and relative pur i ty of bari te substance. 
The widely prevailing Lit i ja- type appears in the fo rm of veins containing 
chiefly galena, sphalerite, and bari te. 

Total reserves of bar i te in Slovenia amount for the t ime being to 
217 000 tons. The ma jo r par t of them are complex galena-sphaleri te-bari te 
ores. In the lead, zinc, and bar i te concentrates, which can be produced by 
mines on the area of Slovene bar i te deposites, many enterprises are 
interested. By this proceedings preferance should be given to the explora-
tion works wi th the purpose of increasing of ore reserves. 

In complex ore bodies containing barite, galena, sphalerite, cinnabar, 
and copper ores, also single of these minerals a t ta in economic concentra-
tions on par t icular locations, bu t the veins wi th presence of bar i te show 
the greatest permanence and owing to a usually considerable content of 
galena they are the most impor tant kind of ore types appearing on the 
area of Sava folds. 

Al though bar i te-galena veins a r e joined on preore fissures, t he spaces 
containing ore appearances also have their s trat igraphic limits. In any 



case t h e u p p e r s t r a t ig raph ic l imit of b a r i t e appearances on the a rea of 
S a v a fo lds is not r emoved f a r f r o m the contact Younger Paleozoic-Triassic 
in t h e di rect ion to s t ra t ig raph ica ly younge r s t ra ta . This is ev ident by 
geological s i tua t ion of t he Pleše b a r i t e deposit . I n the m a j o r i t y b a r i t e -
ga lena deposi ts appea r in Paleozoic s t ra ta , accompanied by o ther minera l i -
sations. They a re doubt less of h y d r o t h e r m a l origin and sure ly of Younger 
Paleozoic t i l l Lower Triassic age. 

D u r i n g f o r m a t i o n of ba r i t e deposi ts t h e Triassic cover w a s probably 
not p resen t in all t h e p a r t s w h e r e they arose. W h e r e i t was , t he cover 
h a d a cer ta in mod i fy ing inf luence on o re - fo rming processes, owing to its 
ca rbona te s t r a t a (limestones, dolomits). W h e r e t h e ore -bear ing h y d r o -
t h e r m a l solut ions a r r ived to ca rbona te rocks, an in tens ive deposi t ion of 
BaSC>4 and t h e s imul taneous pa r t i a l r ep lacement took place. Such a case 
is observed in Pleše. On t h e places w h e r e Triassic cover w a s absent du r ing 
the o re - fo rming process, b a r i t e w a s deposi ted in Paleozoic rocks. 

In Paleozoic of S a v a folds t h e ca rbona te rocks occur only exept ional ly . 
For t ha t reason in Slovenia opulent me tasomat i c b a r i t e bodies appea r 
ra re ly . Ins tead of th i s in ore-veins in Paleozoic rocks n e x t to b a r i t e 
par t i cu la r ly ga lena a n d spha ler i te we re concentra ted , wh ich increases t h e 
w a l u e of these b a r i t e deposits . 

T h e p rob lem of con t inua t ion of bar i t e -ga lena-spha le r i t e veins in to 
t h e d e p t h h a s no t been solved yet . B y t h e dri l l-holes in Dobrava nea r 
Li t i ja t h e t races of P b S a n d B a S 0 4 we re f o u n d still on t h e p lus 111 m 
level. 

F u t u r e geological explora t ions should b e directed t o l imit ing of 
o r e b e a r i n g zones in te res t ing f o r f u r t h e r exp lo ra t ion by dr i l l ing a n d 
min ing works . B y previous dri l l ig in Dobrava good resul ts we re obta ined. 
P r io r i ty should be given t o those locations, w h e r e t h e technical condit ions 
al low p r o m p t beg inn ing of exploi ta t ion of n e w ore reserves. Such con-
di t ions a r e rea l ized i n t h e s u r r o u n d i n g s of Li t i ja . By exp lo ra t ions cm. th i s 
a rea t h e increase of ou tpu t of bar i te , l ead a n d zinc in Li t i ja m i n e 
should b e m a d e possible, whi le in perspect ive in t h e wide region of 
Sava folds n e w min ing centres f o r p roduc t ion of these r a w mate r i a l s 
should be organized. Final ly , t h e explora t ion as wel l as t h e exploi ta t ion 
would no t be p e r f o r m e d w i thou t diff icult ies, d u e to contor ted ore- bea r ing 
s t r a t a and i n t e r r u p t e d ore veins. 
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R A Z V O J S F O D N J E K R E D N I H S K L A D O V TER M E J A M E D J U R O 
IN K R E D O V Z A H O D N E M DELU T R N O V S K E G A GOZDA 

Dragica Turnšek in Stanko Buser 

Z 1 sliko med tekstom in s 3 tablami slik v prilogi 

Uvod 

N a podlagi m i k r o p ale ontološki h r az i skav n a m j e n a T r n o v s k e m 
gozdu uspelo razčleni t i z g o r n j e j u r s k e in s p o d n j e k r e d n e sk lade n a več 
horizontov. Za to v t e m č lanku u v a j a m o v slovensko geološko l i t e r a tu ro 
nova imena za posamezne geološke s topnje . Da bi poenotil i s lovensko 
s t r a t i g ra f sko nomenk la tu ro , smo nekol iko spremeni l i t ud i dosedan je nazive 
posameznih s topenj . 

Podobno ko t j e P a v l o v e c za paleogenske s t opn j e uvede l izraze 
z eno tn imi končn icami n a i j, b o m o imenova l i t u d i s topn je j u r sk ih in 
s p o d n j e k r e d n i h skladov enotno. 

V 1. tabe l i p o d a j a m o imena s topen j za zgorn jo j u r o in spodn jo 
kredo, za p r i m e r j a v o pa še angleške, f r ancoske in i t a l i j anske izraze. 

ZGORNJEJURSKE IN SPODNJEKREDNE STOPNJE 
UPPER JURASSIC AND LOWER CRETACEOUS STAGES 

1. tabela Table 1 
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Terenske raziskave 

V zadn j ih let ih smo kar t i ra l i območje osnovne geološke k a r t e l ista 
Gorica. P r i k a r t i r a n j u n a m je uspelo rešiti neka te re zanimive probleme, 
med d rug im tud i v p r a š a n j e o me j i med ju r sk imi in k redn imi p las tmi n a 
zahodnem delu Trnovskega gozda. 

J u r s k e in k r e d n e plas t i n a T rnovskem gozdu so znane že p rek sto let. 
Prece j podrobno j ih j e opisal S t u r (1858). Kasnejš i raziskovalci, posebno 
H a u e r (1868), K o s s m a t (1905, 1906 in 1909), W i n k l e r (1924), 
S t a c h e (1885 in 1920) in W i o n t z e k (1934) so se držal i v g lavnem 
n jegovega mi š l j en j a o s ta ros t i t eh plasti . Na geoloških k a r t a h ( K o s s m a t , 
1905 in S t a c h e , 1920) so n a območju Trnovskega gozda zgorn je ju r sk i 
skladi razde l jen i n a s fe rak t in i j sk i in kora ln i apnenec t e r ner ine j sk i 
apnenec t i tonske s topnje . K spodnj i k red i pa j e pr iš te t ozek pas plošča-
s tega t rnovskega apnenca n a zahodnem de lu Trnovskega gozda. 

Na podlagi mikropaleontoloških raz i skav smo dognali , da p r ipada 
večj i del ne r ine j skega apnenca, k i so ga doslej pr iš teval i izkl jučno zgornj i 
juri , s p o d n j e m u delu krede, t j . va lang in i ju in hau te r iv i ju . 

Skladi , k i p r i p a d a j o v r h n j e m u delu ma lma , t j . zgo rn j emu k i m m e -
r idg i ju i n po r t l and i ju , se v leče jo v d v e h ozkih pasovih vzhodno od T rno -
vega. P r v i pas po teka od južnega s t rmega roba Trnovskega gozda p rek 
Krn ice in n a p r e j pro t i severu t e r se zakl juči ob p re lomu južno od vasi 
Nemci. Drug i pas ma lmsk ih plasti po teka južno od vasi Ri javci pro t i 
severu in severovzhodno od vasi Voglar j i p re ide na ozemlje sosednje, 
to lminske kar te . 

S ta ros t 2gorn jemalmskih plasti je dokazana predvsem na podlagi 
mikrof lor i s t ičn ih ostankov. Da bi določili točno s taros t t eh plasti , smo 
nabra l i v vzporednih prečnih prof i l ih prece j vzorcev za mikropa leonto-
loške raz iskave (1. si.). V zbrusk ih apnenca smo našli š tevilne p r i m e r k e 
a lge Clypeina jurassica Favre , ki j a sno kažejo, d a p r i p a d a j o ti sk ladi 
zgo rn j emu m a l m u . S t em j e tudi dokazano, da so kora ln i in hidrozojski 
apnenci , ki leže pod skladi z algo Clypeina jurassica, s tare jš i . K o s s m a t 
(1909, 91) j ih je namreč p r i m e r j a l s t i ton i j sk im š t r ambe r šk im horizontom. 

V zgo rn j em delu zgorn jemalmsk ih plast i se po j av l j a jo s k u p a j z algo 
Clypeina jurassica t ud i ve l ike t in t in ine . Debel ina tega hor izonta znaša 
10 met rov . Ponekod pos t av l j a jo m e j o m e d zgorn jo j u ro in spodnjo k r edo 
tam, k j e r se po jav i jo prv i p r i m e r k i vel ikih t int inin. Na Trnovskem 
gozdu smo priš te l i horizont , v k a t e r e m se p o j a v l j a j o Clypeina jurassica 
in t in t in ine skupa j , še t i tonu, in m e j o m e d j u r o in va lang in i j em postavil i 
t am, k j e r alga Clypeina jurassica izumre. Upoš tevamo namreč ugotovi tve 
in m n e n j a večine raziskovalcev, da j e ta alga vodi lna za zgornj i del 
m a l m a in sega do m e j e j u r a - k r e d a . P o na šem m n e n j u so se vel ike t in t i -
n ine pojav i le že prot i koncu por t l and i j a in niso vezane izkl jučno na 
va langin i j . Vsekakor pa j e m e j a med por t l and i j em in va lang in i j em n a 
Trnovskem gozdu postopna. 

V z g o r n j e m delu zgorn jega m a l m a se p o j a v l j a j o tudi š tevi lne ner ineje , 
po ka t e r ih j e dobil ime ne r ine j sk i apnenec. Pr i zadn j ih raz i skavah se je 
pokazalo, da sega jo ne r ine j e v zahodnem delu Trnovskega gozda še 



R A Z L A G A T A B E L — E X P L A N A T I O N O F P L A T E S 

1. tabla — Plate 1 

1. Odlomki alge Clypeina jurassica Favre, X 10. Zg. kimmeridgij-portlandij, 
zbrusek št. 3 b. 

The fragments loi Clypeina jurassica Favre, X 10. U. Kimmeridgian-Portlandian, 
thin section No. 3 b. 

2. Odlomki velikih tintinin, X 10, valanginij, zbrusek št. 18 b. 
The fragments of large tintinins, X 10, Valanginian, thin section No. 18 b. 

2. tabla — Plate 2 

1. Cuneolina laurentii Sartoni e Crescenti, X 35, apti j (Aptian), zbrusek (thin 
section) 25 d. 

2. Choffatella sp., X 35, valanginij (Valanginian), zbrusek 7. 
3. Salpingoporella apenninica Sartoni e Crescenti, X 35, hauterivij (Hauterivian), 

zbrusek 22 c. 
4. Favreina salevensis (Parejas), X 35, hauterivij (Hauterivian), zbrusek 8 a. 

5. Haplophragmoides sp., X 35, barremij (Barremian), zbrusek 23 c. 
6. Salpingoporella dinarica Radoičič, X 35, apti j (Aptian), zbrusek 28 c. 

7. Solenopora sp., X 35, valanginij (Valanginian), zbrusek 6 c. 

3. tabla — Plate 3 

1. Orbitolina sp., X 19, aptij (Aptian), zbrusek (thin section) 30 b. 
2. Trochamminoides sp., X 35, barremij (Barremian), zbrusek 23 c. 

3. Bačinella irregularis Radoičič, X 35, barremij (Barremian), zbrusek 23 b. 
4. Salpingoporella dinarica Radoičič, Cuneolina sp., X 35, apti j (Aptian), 

zbrusek 28 c. 







3. TABLA PLATE 3 



SI. 1. Najdišča vzorcev apnenca z mikrofosili v zahodnem detlu Trnovskega gozda 
Fig. 1. Localities of the limestone samples with micrcrfossils taken in the western 

par t of Trnovski gozd 

v plasti , k i v sebu j e jo samo vel ike t in t inine, in že nesporno p r i p a d a j o 
va lang in i ju . Ner ine je paleontološko še niso raz iskane. 

Zgorn j i del ma lmsk ih plast i j e v zahodnem delu Trnovskega gozda 
razvi t ko t bel do r j a v k a s t o siv in svetlo r j a v gost skladovi t apnenec. Med 
gost im apnencem se p o j a v l j a j o pole ooli tnega apnenca . V s p o d n j e m delu 
tega kompleksa leži pr i Krnic i in v okolici Ri javcev neskladovi t bel z rna t 
dolomit , k i se bočno i zk l in ju j e in zato ponekod sploh ni razvi t . Clypeina 
jurassica s e p o j a v l j a v gos tem i n oc l i t nem apnencu , n e r i n e j e p a so š te-
v i lne jše v ool i tnem apnencu. 

Zanimivo je, da je v vzhodnem delu Trnovskega gozda razvi t v zgor-
n j e m delu m a l m a bel z rna t dolomit , ki se hor izonta lno m e n j a v a s svet l im 
apnencem. P r a v t akšen j e r azvo j t eh plast i n a Hrušici t e r n a Logaški 
p lanot i in n a Dolen j skem. Apnenec v s e b u j e klipeine, n i k j e r pa n e dobimo 
za zahodni del Trnovskega gozda t ako znači lnih ne r ine j . Na T rnovskem 
gozdu i m a m o to re j d v a r azvo ja zgo rn j ema lmsk ih skladov, k i se ločita 
m e d seboj po l i toloških in delno tudi po b ios t ra t ig ra f sk ih značilnost ih. 

34 — Geo log i ja št. 9 529 



Ta razlika se ne kaže samo v zgornjemalmskih skladih, ampak v celotnem 
razvoju jurskih plasti. 

Valanginijske plasti so litološko razvite popolnoma enako kot zgornje-
malmske. Toda v n j i h nas topajo velike t int inine brez alge Clypeina juras-
sica, dobimo pa š tevi lne d ruge alge. Celotna združba mikrofavne in 
mikroflore je vidna v paleontološkem delu iz posameznih profilov. 

Plasti hauter iv i jske s topnje zavzemajo večjo površino kot valangini j -
ski in zgornjemalmski skladi. V n j ih nas topajo v glavnem iste vrs te alg 
kot v valangini jskih plasteh, toda velikih t intinin ni več. Značilne za 
hauter iv i j so zelo pogostne favreine, ki sicer za s t ra t igraf i jo niso toliko 
uporabne. Važno pa je v t e j spodnjekredni s topnji nj ihovo masovno 
pojavl janje . V hauter ivi jskih plasteh tudi ni več nerinej , ki so v valan-
gini ju še zelo pogostne. Velike t intinine in ne i ine je so izginile istočasno. 

Hauter ivi jske plasti so razvite v obliki belega gostega skladovitega 
apnenca. Le poredko se med gostim apnencem pojavi jo do en meter 
debele pole oolitnega apnenca. P r i Trnovem in Voglar j ih j e razvi t v zgor-
n j e m delu hauter iv i jske s topnje temno siv in črn ploščast apnenec, ki 
vsebuje gomolje roženca. Ne predstavl ja sklenjenega horizonta, temveč 
se bočno izklinja. Šele ta apnenec, ki so ga p re j šn j i raziskovalci imenovali 
t rnovski ploščasti apnenec, so prištevali v spodnjo kredo. Celoten kom-
pleks skladov pod tem ploščastim apnencem, t j . ves valanginij in spodnji 
hauter ivi j , pa so uvrščali v zgornjo juro. 

Barremijskih in apt i jskih skladov n a terenu nismo ločili, ker so 
litološko enaki. Zavzemajo precej velik obseg med Trnovim in Podgozdom. 
Razviti so kot r j avkas to siv do temno siv precej bituminozen apnenec, 
ki se men java z gostim belim apnencem. Pri Podgozdu nastopa v zgor-
n j e m delu teh skladov temno siv apnenčev skrilavec, ki je precej b i tumi-
nozen ter vsebuje pole in gomolje roženca. Tudi horizont apnenčevega 
skri lavca se proti jugu izklini. 

Starost barremijsko-apt i j skih skladov je določena z makrofavno in 
mikrofosili. Od makrofosilov vsebuje jo Toucasia cf. carmata Math., Re-
quienia ammonia Goldf. in Nerinea sp. Zahodno od Voglar jev dobimo 
tudi kapr inide in radiolite. Nekatere horizonte sestavl jajo same zaobljene 
lupine omenjenih fosilov. Mikrofosili, ki se pojavl ja jo v teh plasteh, so 
navedeni v poglavju o mikropaleontoloških raziskavah (5. in 6. tabela). 

Albi jsko s topnjo smo združili s cenomansko, ke r v plasteh teh dveh 
s topenj nismo našli značilnih fosilov, da bi ju lahko ločili. Plasti teh 
dveh s topenj se razprost i ra jo na velikem območju zahodno od Trnovega 
in Podgozda. Enake plast i so razvi te tudi na območju gora Sv. Gabr i je l in 
Skalnica (Sv. gora) ter severnega dela Sabotina, k j e r sestavl jajo pre-
v rn jeno antiklinalo. 

Starost teh plasti smo določili delno po fosilnih ostankih delno pa 
po n j ihovem s t ra t igrafskem položaju. V nj ih se dobe številne lupine 
rekvieni j in ner inej . V zbruskih smo dobili tudi orbitoline. P r i Mrzleku 
v dolini Soče ter na sedlu med Skalnico in Sv. Gabri je lom so bile na jdene 
fosilne ribe, ki j ih je zelo natančno obdelal G o r j a n o v i č - K r a m -



b e r g e r (1895). V albi jskih in cenomanskih plasteh nas topajo pogostni 
pr imerki velikih radiolitov. 

Albijski in cenomanski skladi so razviti v obliki temno sivega do 
r j avkas to sivega skladovitega apnenca, ki je navadno precej bituminozen. 
Ploščast apnenčev skrilavec z ostanki r ib nastopa v s rednjem delu teh 
skladov. 

Nad cenomanskimi skladi leži konkordantno bel zrnat radiolitni t u -
ronski apnenec, k i vsebuje v spodnjem delu zelo značilen in stalen 
horizont s kaprinidami. 

Spodnjekredne kamenine so v Sloveniji mikropaleontološko še zelo 
malo raziskane. Doslej je bil z mikrofavno dokazan le valangini j na 
nekater ih k r a j i h Dolenjske in No t r an j ske ( T u r n š e k , 1964). P l e -
n i č a r (1960) se je pri svojem obsežnem š tudi ju kredne dobe posvetil 
predvsem zgornji kredi in raziskovanju rudis tne favne. 

Mikropaleontološke raziskave spodnjekrednih skladov so dale v so-
sosednjih republ ikah, p a tudi drugod po svetu, že lepe rezultate. Za to 
smo izdelali na Trnovskem gozdu na tančen profi l skozi zgornjemalmske 
in spodnjekredne sklade. Mikropaleontološke analize so omogočile, da smo 
v spodnj i kredi lahko ločili več s t ra t igrafskih s topenj : valangini j , hau te -
rivij , ba r remi j , apt i j ter albij . Naše delo je bilo toliko zanimivejše, ker 
smo rezul ta te lahko pr imer ja l i z razvojem v Dalmaciji, Orni gori in 
v južnih Apeninih. 

V najdiščih na Trnovskem gozdu je ta vrs ta sorazmerno redka in 
slabo ohranjena . V zbruskih dobimo le odlomke stebelc. Našli smo jo 
v zgornjeport landi jskih in spodnjevalangini jskih plasteh v vzorcih 3, 4, 
10, 18, 20 in 22. 

1962, S. apenninica, S a r t o n i e C r e s c e n t i , pp. 266—268, Tav. 20, 
fig. 2, Tav. 23, fig. 1, Tav. 44, fig. 1, 2, 4, 5, 6, 8 

Talus ali osrednja cevka j e val jast , v prečnem preseku okrogel, 
z g ladko steno. Verticili so pogostni in p r ek r iva jo vso osrednjo cev. Vrs ta 
S. apenninica j e podobna vrst i S. annulata, le m a n j š a j e od n j e in m e d 
posameznimi vretenci ima brazde. 

Mikropaleontološki del 

A l g a e 

Družina: DIPLOPORIDAE 
Rod: Salpingoporella P l a 1918 

Salpingoporella annulata Carozzi 

Salpingoporella apenninica Sar toni e Crescents 
2. tab., 3. si. 

Dimenzije naših pr imerkov po Crescenti ju 
1,39 m m 

0,097 do 0,22 mm 
0,19 do 0,32 m m 

na jveč ja dolžina s te l jke 
premer osrednje cevi 
p remer s te l jke 

0,8 mm 
0,09 do 0,12 m m 
0,25 do 0,30 m m 



Stra t igrafska in regionalna razšir jenost : S a r t o n i in C r e s c e n t i 
sta prvič opisala to vrs to iz južnih Apeninov iz okolice Salerna. Plasti 
s to algo sta imenovala »cona s Salpingoporella apenninica«. Dobila sta 
jo nad horizontom s t int ininami, ki sta jih prištela med pteropode in jih 
po C a r o z z i j u imenovala Vaginella striata. Cono s Salpingoporella 
apenninica sta uvrs t i la v zgornji titomij, v spodnj i t i tani j pa cono s Cly-
peina jurassica in Vaginella striata. Toda če upoštevamo ugotovitve večine 
mikropaleontologov, da je Clypeina jurassica značilna za ves zgornji 
ma lm ( = zgornji k immerdgi j in portlandij) , in da so velike t int inine 
značilne za valangini j ( R a d o i č i č , 1963), potem j e cona s Salpingo-
porella apenninica mla jša od plasti z velikimi t int ininami, vsekakor pa 
mlajša od zgornjega port landi ja . Rod Salpingoporella se z nekater imi 
vrstama res pojavl ja v zgornji juri , ne more n a m pa rabit i pr i razmeje-
van ju ju re in krede, ker se iste vrs te pojavl ja jo še v spodnji kredi. 

Na Trnovskem gozdu smo dobili vrsto S. apenninica skupa j z veli-
kimi t in t in inami in v plasteh nad njimi, t j . v valangini ju in hauter ivi ju . 
V Sloveniji je znana le s Trnovskega gozda, ver je tno pa se pojavl ja 
povsod, k j e r poznamo podoben razvoj skladov, le da smo jo zaradi izredne 
podobnosti z vrs to S. annulata prezrli ali uvrščali k te j vrsti. Vrsto 
S. apenninica smo dobili v vzorcih 10, 20 in 22. 

Salpingoporella dinarica Radoičič 
2. tab., 6. si., 3. tab., 4. si. 

1959, S. dinarica, R a d o i č i č , pp. 33, Tab. 3-4 
1959, S. dinarica, R a d o i č i č , Tab. 8, si. 2 
1960, S. dinarica, R a d o i č i č , Tab. 15, si. 1, 2, tab. 16, si. 3, tab. 17, si. 2 
1962, S. dinarica, S a r t o n i e C r e s c e n t i , pp. 268, Tav. 27-28, Tav. 45, 

fig. 1-3 
Stel jka je cilindrična. Osrednja cev je sorazmerno velika. Obda ja jo jo 

ma jhn i gosti izrastki, ki so v dveh sosednjih vretencih razporejeni diago-
nalno. Naši pr imerki popolnoma ustrezajo opisom R a d o i č i č e v e , 
samo da so nekater i manjši . 

Dimenzije naših pr imerkov po Radoičičevi 
premer stel jke 0,13 do 0,49 m m 0,24 do 0,56 mm 
premer osrednje cevi 0,07 do 0,26 m m 0,128 do 0,40 m m 

Razširjenost: Vrsto S. dinarica je prvič opisala R a d o i č i č e v a 
(1959) iz okolice Titograda in iz raznih k ra jev južne Dalmacije. Našla 
jo je v barremijsko-apt i j skih skladih. Danes je ista avtorica mnenja , da 
je vrsta S. dinarica vodilna za apti jsko stopnjo. I ta l i janska raziskovalca 
S a r t o n i in C r e s c e n t i s ta vrsto S. dinarica dobila v zgornjem 
delu cone s Cuneolina composaurii (valanginij—aptij) torej približno1 

v istem horizontu kot v Dalmacij i in v Črni gori. K tej vrst i s ta prištela 
tudi pr imerek, ki ga j e E l l i o t t opisal pod imenom Hensonella cylin-
drica n. gen. n. sp. iz barremijsko-apt i j sk ih plasti v I raku ( S a r t o n i 
e C r e s c e n t i , 1962). 



V Sloveni j i smo v r s to S. dinarica našl i doslej le v vzorcih 28, 30 in 
31 s Trnovskega gozda in smo sklade s t o algo uvrs t i l i v ap t i j . 

Rod: Clypeina Michel in 
Clypeina jurassica F a v r e 

1. tab. , 1. si. 

Alga .C. jurass ica j e bi la podrobno opisana že iz razn ih k r a j e v No-
t r a n j s k e in Dolen j ske (K e r č m a r , 1962). Na Trnovskem gozdu jo n a -
h a j a m o v sk lad ih zgo rn j ek immer idg i j ske in po r t l and i j ske s taros t i nad 
apnenc i s hidrozoj i . Dobili smo jo v vzorcih 1 do 5 in 17. 

? T i n t i n n i n a 
Velike t in t in ine 

1. tab. , 2. si. 

Fosi lne oblike, ki j ih j e F a v r e označil ko t organizem »C«, in ki 
j ih je C a r o z z i pozne je imel za p te ropode t e r j ih imenova l Vaginella 
striata n. sp. ( C a r o z z i , 1954), j e R a d o i č i č e v a uvrs t i l a m e d 
cil iata k t i n t i n inam ( R a d o i č i č , 1959, 1963). F a r i n a c c i pa j ih j e 
določila za ško l jke skup ine Teredin idae . Vse p r i m e r k e j e da la v eno 
v r s to Bankia striata (Carozzi). P r i t e m j e opozorila, da redupl ikac i j a , k i 
se p o j a v l j a p r i t e m organizmu, pni ci l ia t ih doslej n i znana . Poleg tega 
j e ugotovi la , da i m a j o s tene teh fosi lnih f r a g m e n t o v dve plasti , ses tavl jeni 
iz so razmerno vel ikih neprav i ln ih ka lc i tn ih kr is ta lov, m e d t e m ko i m a j o 
fosi lne t in t in ine mik rokr i s t a lne ka lc i tne s tene ( F a r i n a c c i , 1963). 

Od š tevi lnih p r imerkov , k i smo j ih opazovali , i m a j o d v o j n e s tene 
samo t i s te oblike, p r i k a t e r i h nas topa redupl ikac i ja . Pni š tev i ln ih e n o j n i h 
obl ikah so tud i s tene eno jne in pr i t eh n e moremo govori t i o s t enah 
iz več plasti . Redupl ikac i ja pa j e pr i ško l jkah r avno t ako posebnost kot 
p r i t in t in inah . Za to še n a p r e j upoš t evamo miš l j en je R a d o i č i č e v e in 
p rob lema t i čne ob l ike u v r š č a m o k t in t in inam, dok le r n j i h o v s is tematski 
položaj n e bo preučen. 

Na Trnovskem gozdu so vel ike t in t in ine slabše o h r a n j e n e kot v n e -
ka t e r ih na jd i šč ih Dolen jske in Not ran j ske . Določili smo lahko nas l edn je 
v r s te : 

Campbelliella mileH Radoičič 
Cam-pbelliella sp. 
Daturellina costata Radoičič 
Zetella sp. 

Vse t e v r s t e so opisane že iz na jd i š č n a D o l e n j s k e m (T u r n š e k , 
1964), zato j ih s T rnovskega gozda o m e n j a m o samo kot novo najdišče . 

Vel ike t in t in ine t u d i n a T rnovskem gozdu nas topa jo v zgo rn j em 
po r t l and i ju s k u p a j z algo Clypeina jurassica, š t ev i lne j še p a so v v a l a n -
gini ju , k j e r j ih s p r e m l j a j o r e d k e sa lpingoporele . Vel ike t i n t i n ine smo 
našl i v vzorcih 4 in 5, 6 in 7, t e r 17. do 20. 



F o r a m i n i f e r a 

Družina: VERNEUILINIDAE 
Vemeuilina sp. 

Hišica je triserialna, navadno trioglata. V zbruskih dobimo številne 
preseke, značilne za rod Vemeuilina. Nekater i pr imerki so tudi izredno 
lepo ohranjeni , toda zaradi p o m a n j k a n j a l i terature vrste nismo mogli 
determinirat i . 

Različne verneuil ine smo našli v hauterivi jskih, barremijskih in 
apt i jskih skladih v vzorcih 21, 23, 28 in 29, 

Cuneolina laurentii Sartoni e Crescent! 
2. tab., 1. si. 

1962, C. laurentii, S a r t o n i e C r e s c e n t i , pp. 277-278, Tav. 48. 
fig. 7-9, tav. 49. fig. 1 

V zbruskih dobimo longitudinalne aksialne preseke, ki ustrezajo 
prv im opisom te vrste. Hišica j e koničasta, nekoliko stisnjena. Kamrice se 
večajo od baze prot i v rhu . 

Razšir jenost : Holotip je opisan iz Monte Alburno v južnih Apeninih. 
Več pr imerkov je na jden ih še v raznih drugih okoliških kra j ih . S a r -
t o n i in C r e s c e n t i ga omenja ta v coni s Cuneolina corriposaurii 
(valanginij-apti j) . 

Na Trnovskem gozdu nastopa ta vrs ta v spodnjem delu apt i ja skupa j 
z algo Salpingoporella dinarica. Dobili smo jo v zbruskih 25 d in 28 c. 

Cuneolina sp. 
3. tab., 4. si. 

Nekater i pr imerki so slabo ohranjeni ali pa je v zbrusku tako slab 
presek, da vrs te ne moremo določiti. Razne oblike kuneolin se po jav l ja jo 
v plasteh bar remi ja in apt i ja skupa j z Bačinella irregularis in Salpingo-
porella dinarica. Dobili smo j ih v zbruskih 25 d, 28 b, 28 c, 28 d. 

Družina: LITUOLIDAE 
Haplophragmoides sp. 

2. tab., 5. al. 

Hišica je planspiralna. Kamrice in stene so enostavne. Začetna kam-
rica je majhna , okrogla, okrog n j e so v krogu nanizane mlajše kamrice, 
ki se postopno večajo in podal jšujejo. Spiralna linija se počasi odvija in 
postane pri mlajš ih kamricah bolj ravna. Mlajše kamrice so torej po-
dolgovate in ozke. Vseh kamric je navadno 9 do 13 ali 14. Druga kamrica 
je zelo majhna , t r e t j a in četrta pa sta navadno združeni v eno široko. 

Naši pr imerki so podobni vrsti H. scitulum, vendar so kamrice m a n j 
involutne. Tudi zavojna l ini ja mlajš ih kamric je nekoliko bolj ravna 
kot pr i vrst i H. scitulum. 



Velikost hišice je 0,4 m m do 0,65 mm. Dobili smo j ih v plasteh 
ba r remi ja in apt i ja v zbruskih 23, 28 in 29. 

P r imerk i so zelo lepo ohranjeni . Opisali b i lahko novo- vrsto, vendar 
imamo za foramini fe re premalo sodobne l i te ra ture na voljo. 

Trochamminoides sp. 
3. tab., 2. si. 

Hišica j e okrogla s številnimi kamricami. Vse kamrice so približno 
enake velikosti in se zelo malo prekr iva jo ali pa sploh ne. Zavojna l ini ja 
je enakomerno okrogla. Zavoji so 3 do 4. 

P r imerk i rodu Trochamminoides nas topa jo v skladih ba r r emi j a in 
ap t i j a s k u p a j s Haplophragmoides sp., Bačinella sp. in Salpingoporella 
dinarica. 

Zaradi p o m a n j k a n j a l i te ra ture tudi pr i teh pr imerk ih nismo mogli 
določiti vrste. Družina: ORBITOLINIDAE 

Najnovejša š tudi ja in revizija orbitolinid je D o u g l a s s o v a raz-
prava iz le ta 1960. Med orbitolinide je prištel rodove Orbitolina, Dictyo-
conus, Coskinolinoides, Simplorbitolina i n Iraqia. 

Orbitol inide so značilne za dobo od barreimija do cenomana. 
D o u g l a s s pravi, da so se razvi ja le iz rodu Coskinolinoides p r ek rodu 
Simplorbitolina in d a j e za razvoj značilna deli tev preka tov oziroma 
kamric . Za v r s to Orbitolina discoidea Gras j e mnenja , dal je bolj pr i -
mi t ivna obillika orbitolin, ke r ima zunanje kamrice de l jene samo n a 
dva dela. 

Orbitolinide iz najdišč na Trnovskem gozdu so različnih oblik. Hišice 
imajo obliko ozkega ali širokega stožca, z del jenimi ma jhn imi ali velikimi 
zunanj imi kamricami. Nekatere oblike so bolj primit ivne, druge bolj 
komplicirane. Zgradba se lepo vidi zlasti na zunanj ih kamricah. S tare j še 
so razcepljene navadno n a dva dela, pr i mlajš ih pa opazujemo že delitev 
na t r i dele ali n a dvakra t p o dva dala. Opis vseh pr imerkov zahteva globl jo 
samostojno š tudi jo in j ih bomo podrobneje obdelali mogoče k d a j v bodoče. 
V tem članku n a j navedemo dve na jbo l j pogostni vrs t i : Orbitolina co-
noidea Gras in Orbitol ina discoidea Gras. 

Orbitolina conoidea ima visoko stozčasto hišico. Na jveč j a višina 
hišice je 0,36 dO 1,32 mm, na jveč j a š ir ina hišice p a 1,35 do 1,88 mm. 

Orbitolina discoide a pa i m a nas ledn je dimenzije: na jveč ja višina 
hišice meri 0.79 do 1,12 mm, na jveč ja širina hišice pa 2,67 do 4,29 mm. 

Orbi tol ine smo dobili v skladih b a r r e m i j a in ap t i j a v vzorcih 27, 30 
in 32 (3. tab., 1. si.). 

Pregledno s t ra t igrafsko razpredelnico orbitolinid sta podala B a s -
s o u l l e t in M o u l l a d e (1962) iz barremijsko-apt i j sk ih skladov Sierra 
du Montsech v Španij i . Rod Orbitolinopsis se po n j u n i h ugotovitvah po-
javl ja v bar remi ju , Iraqia v spodn jem apfciju, Orbitolina p a v vsem 
apt i ju . Vidimo torej , da so orbitolinide značilne za dobo od ba r remi ja do 
ap t i ja ali še mlajše. V naših nahajal iščih smo j ih dobili skupa j z Bači-
nella irregularis in algo Salpingoporella dinarica, k i to starost po t r ju je ta . 



C r u s t a c e a 
Rod: Favreina Bronnimann 1955 

F a v r e in Y o u k o v s k y sta neke fosilne oblike iz port landi ja 
v Švici imenovala kot organizme »B«. C u v i l l i e r je pozneje podobne 
oblike našel v spodnji kredi Akvi tani je in jih prištel k haracejam. P a -
r e j a s je te ostanke spoznal za izločbe nekater ih rakov. Dal j im je ime 
Coprolithus. Za holotip je določil F a v r e j e v o obliko »B« in jo ime-
noval Coprolithus salevensis (po B r o n n i m a n n u , 1955). 

B r o n n i m a n n (1955) je opisal te iste oblike in j im po prvem 
najd i te l ju dal ime Favreina. Za holotip je določil prav tako obliko »B« 
in jo imenoval Favreina youkovskyi. Enako vrsto je našel tudi na Kubi. 
Takra t še ni vedel, da je P a r e j a s opisal isto obliko pod drugim 
imenom. 

B r o n n i m a n n in N o r t o n (1961) sta ponovno pregledala 
omenjene fosilne ostanke in ugotovila, da se P a r ž j a s pri svojem opisu 
novega rodu ni držal vseh nomenkla turn ih pravil. Med drugim mu ni 
določil položaja v sistemu. Zato naziv Coprolithus n i vel javen. Omenjena 
av to r j a s ta ga ukin i la in uvel javi la ime Favreina. Rod Favreina sta 
uvrsti la v Crustacea. Ta naziv upoštevajo danes paleontologi. Edino holo-
tip, ki ga je B r o n n i m a n n prvič imenoval Favreina youkovskyi, 
P a r e j a s pa isto obliko že pre j Coprolithus salevensis, se p re imenuje 
v Favreina salevensis (Parejas). 

Favreina salevensis (Parejas) 
2. tab., 4. si. 

1955, Favreina youkovskyi, B r o n n i m a n n , pp. 40, Pl. 2, fig. 11, 
t ex t f igj. 5 e—5 n. 

1960, Coproli thus saleverwis, R a d o i č i č , pp. 48, Tab. 7. 
1961, Favreina salevensis, B r o n n i m a n n e N o r t o n , pp. 835 838 

fig. 1—3. 

To so organski ostanki nepravi lne okroglaste ali podolgovate oblike. 
V podolžnem preseku vidimo v n j i h ozke paralelne kanale, brez kakršne-
koli pravi lne razporeditve. V prečnem preseku so ti kanali okrogli. 

Doslej je bila ta vrsta na jdena v port landi ju v Švici, v zgornji juri 
Arabije, v spodnji kredi Franci je in Kube ter v zgornji ju r i in spodnji 
kredi južnih Dinaridov. 

V Sloveniji je zelo pogostna. Na Trnovskem gozdu smo jo našli 
v skladih spodnje krede, v hauter ivi ju . Bogatejša najdišča so na No-
t r an j skem in Dolenjskem. Nastopa v zgornjejurskih in spodnjekrednih 
skladih od zgornjega k immeridgi ja do konca barremija . 

Favreina kurdistanensis Elliott 
1962,F. kurdistanensis, E l l i o t t , pp. 36, PI. 3. fig. 1—3, 6. 

Pr imerek j e nepravi lne oblike. Sosednji kanali so za razliko od vrste 
F. salevensis spojeni. V prečnem preseku ne dobimo posameznih okroglih 



cevčic, ampak sta po dve navadno spojeni, zato je videti, kot da so cev-
čice ali kanal i v parih. 

E l l i o t t je našel to vrs to v plasteh ba r remi ja v severnem Iraku. 
Pr i nas na Trnovskem gozdu ni bila na jdena , pač pa j e zelo pogostna 
v Loškem potoku na Dolenjskem. Pojav l ja se v skladih hauter iv i j ske 
starosti. 

I n c e r t e s e d i s 

Bačinella irregularis Radoičič 
3. tab., 3. si. 

1959, B. irregularis, R a d o i č i č , pp. 89, Tab. 3. si. 1-2. 
1960, B. i rregularis , R a d o i č i č , Tab. 17. sl.l. 
1962, B. irregularis, S a r t o n i e C r e s c e n t i , pp. 271, Tav. 26. fig. 2, 

Tav. 29. 

R a d o i č i č e v a (1959) j e B. i r regular is opisala kot organizem, 
ka te rega celice so različne velikosti in nepravi lne oblike. Razpore jene so 
v skupine ali v neke vrste nepravi lnih nizov, k i se med seboj prepletajo. 
Nov rod j e uvrs t i la k a lgam z ne jasn im sis tematskim položajem. N jeno 
domnevo sta potrdila S a r t o n i in C r e s c e n t i (1962), ki sta enako 
obliko našla v spodnjekrednih skladih južnih Apeninov. Menita, da gre za 
posebne vrs te apneno algo. 

Doslej ne poznamo nobene alge s podobno s t rukturo, ni t i pri algah 
ne moremo govoriti o kakršnih koli celicah, zato je uvrs t i tev rodu Ba-
činella med alge še nezanesl j iva. Nekoliko se nagibamo k mnen ju , da 
pr ipada posebni skupini hidrozojev, podobno kot Cladocoropsis. Različno 
oblikovane »celice« spominja jo na cenostilne cevi s tabulami. Tudi mikro-
s t ruk tu ra skeletnih elementov je podobna hidrozojski. Ponekod zelo jasno 
vidimo temno osrednjo črto, okoli ka te re so radialno razvrščena vlakna. 
Podobne oblike kot j e Bačinella smo dobili v vzorcih z Nanosa s k u p a j 
s hidrozofjem Cladocoropsis, zato j e p r i m e r j a v a tol iko bol j ver je tna . 

Vrsta Bačinella irregularis je znana iz raznih k ra j ev južne Dalmacije 
in Črne gore ter iz okolice Salerna v južni Italiji. Vedno se pojavl ja 
v bar remi jsk ih skladih. Pri nas smo jo našli na Trnovskem gozdu pod 
skladi z algo Salpingoporella dinarica in ustreza barremijski s topnji spod-
n j e krede. Dobili smo jo v vzorcih 23 in 27. 

Aeolisacus sp. 

Za m a j h n e apnene cevčice, na obeh s t raneh odprte, je E l l i o t t 
(1958) osnoval nov rod Aeolisacus z neznanim sistematskim položajem. 
Podolžna os je rahlo zakrivl jena, stene so nepravi lno okrogle. Ta avtor 
je opisal novo vrs to Aeolisacus dunningtoni iz permskih, zgornjetr iadnih 
ter spodnje- in s rednje jursk ih skladov Bližnjega vzhoda. 

R a d o i č i č e v a je našla novo vrs to istega rodu v senonskih skladih 
Dugega otoka. Njena vrsta Aeolisacus kotori se razl ikuje od vrs te A. dun-
ningtoni po večji debelini sten. 



Na Trnovskem gozdu so podobne oblike v ap t i j sk ih skladih s k u p a j 
z algo Salpingoporella dinarica. Naši p r imerk i so povečini okrogli. Le 
r edk i so nekol iko ovalni. Mogoče so to samo prečni preseki da l j š ih cevčic, 
ali pa le m a j h n e kroglice, k i bi l ahko preds tav l j a le novo vrs to rodu 
Aeolisacus. Zaradi prekr is ta l iz i ranost i in p r e m a j h n e g a števila p r imerkov 
nismo mogli določiti vrs te . 

Stratigrafski del 

I t a l i j anska raziskovalca S a r t o n i in C r e s c e n t i (1962) s ta n a 
podlagi mikropaleonto loških raz iskav razčlenila sklade južnih Apeninov 
n a več con ali hor izontov. Imenova la s ta j ih po na jznač i lne j š ih fosilnih 
v rs tah . N j u n o razprede ln ico za zgorn jo j u r o in spodn jo k r e d o kaže 
2. tabela . 

RAZDELITEV SKLADOV NA CONE PO SARTONIJU IN CRESCENTIJU 
THE DIVISION OF STRATA AFTER S A R T O N I AND C R E S C E N T I 

2. tabela Table 2 

aptij—valanginij cona s Cuneolina composaurii 

zg. titonij oona s Salpingoporella apenninica 

sp. titonij—kdmmeridgij cona s Clypeina jurassica in Vaginella striata 

lusitanij—callovij cona s Kur nubia palastiniensis 

R a d o i č i č e v a j e s t r a t ig ra f sko razdeli l la južne Dinar ide. Plast i ni 
imenovala po mikrofavn i , pač pa j e n a podlagi m i k r o f a v n e določila vse 
s t r a t ig ra f ske člene zgorn je j u r e in spodn je krede . Na jznač i lne j šo favno, 
k i jo je dobila v posameznih horizont ih , kaže 3. tabela . 

STRATIGRAFSKA RAZDELITEV PLASTI PO RADOlClČEVI 
THE STRATIGRAPHIC DEVISION OF THE STRATA AFTER R A D O l C l C 

3. tabela Table 3 

aptij—barremij Salpingoporella dinarica — Bačinella irregularis 

hauterivij brez značilne mikrofavne 

valanginij velike tintinine 

infra valanginij Clypeina jurassica in velike tintinine 

portlandij—zg. kimmeridgij Clypeina jurassica 

sp. kimmeridgij—oxfordij Cladocoropsis mirabilis 



Do enak ih ali podobnih rezu l ta tov so prišl i t ud i d rug i raziskovalci , 
v e n d a r o m e n j a m o samo ta dva razvoja , ker sta na jpopolne j ša , in ker je 
zan imiva p r i m e r j a v a z naš imi nahaja l i šč i . 

S a r t o n i in C r e s c e n t i s ta vso dobo od va lang in i j a do ap t i j a 
združi la v eno samo cono s Cuneolina composaurii. T a f o r a m i n i f e r a j e 
na jznač i lne j ša . Poleg n j e p a s ta naved la še algo Salpingoporella dinarica, 
Bačinella irregularis in druge . Zapovrs tnos t m i k r o f a v n e v južn ih Apen in ih 
in v južn ih Dina r id ih j e sko ra j enaka . Razlika j e le v neka t e r i h s t r a t i -
g ra f sk ih r azme j i t vah , zlast i m e d po r t l and i j em in va lang in i j em. S a r -
t o n i in C r e s c e n t i s ta postavi la m e j o j u r a - k r e d a glede n a m i k r o -
f a v n o m n o g o više ko t j e pos t av l j ena v Dinar id ih in d rugod v Evrop i in 
na Bl ižn jem vzhodu. Vel ike t in t in ine , k i s ta j ih i t a l i j anska a v t o r j a i m e -
nova la Vaginella striata, s ta uvrs t i l a v spodnj i t i toni j . Nis ta j i h ločila 
od hor izonta z algo Clypeina jurassica, v naš ih naha ja l i šč ih pa je t a 
razdel i tev izrazita. Se celo cona s Salpingoporella apenninica, k i leži 
n a d hor izon tom z vel ik imi t in t in inami , spada po n j u n e m m n e n j u še 
v zgo rn j i t i toni j . Kuneol ine , orbi tol ine , Salpingoporella dinarica, Bači-
nella irregularis in d r u g a m i k r o f a v n a , znači lna za b a r r e m i j s k o - a p t i j s k e 
sklade, j e v južn ih Apen in ih pos tav l j ena v dobo od va lang in i j a do ap t i ja , 
to re j t u d i že v n a j n i ž j i de l s p o d n j e krede . Na t a način spodn ja k r e d a 
v Apen in ih sploh ni r azč len jena in j e doba va lang in i j a in hau t e r i v i j a 
mikropaleonto loško zelo p o m a n j k l j i v o raz iskana . 

Na T r n o v s k e m gozdu smo razčlenili sk lade na podlagi m i k r o f a v n e 
podobno ko t v južn ih Dinar id ih . Razl ika je le v razmej i tv i j u r e in krede . 

RAZDELITEV SKLADOV NA TRNOVSKEM GOZDU 
THE DIVISION OF STRATA IN TRNOVSKI GOZD 

4. tabela Table 4 

aiptij Salpingoporella dinarica 

barremlj Bačinella irregularis 

hauterivij favreine, Salpingoporella apenninica 

valanginij velike tintinine 

portlandij Clypeina jurassica in velike tintinine 
zg. kdmmeridgij Clypeina jurassica 

sp. kimmeridgij—oxfiordij hidrozoji, korale, hetetide 

Poleg znači lnih fosilov, o m e n j e n i h v razpredelnici , n a j d e m o v po-
sameznih hor izont ih še d r u g o m i k r o f a v n o in mikro f lo ro : 

Zgorn j i m a l m : Clypeina jurassica, Salpingoporella annulata, r e d k e 
solenopore, Cayeuxia sp., r e d k e teks tu la r i j e , v z g o r n j e m p o r t l a n d i j u se 
po jav i jo še vel ike t in t in ine . 



Valangini j : velike t int inine Campbelliella mileši, Daturellina costata, 
Zetella sp. in drugi nedoločljivi odlomki t intinin, Salpingoporella annu-
lata, S. apenninica, zelo pogostna j e Cayeuxia sp. Dobimo še foramini fero 
Choffatella sp., miliolide, tekstular i je in solenopore. 

Hauter iv i j : Favreina salevensis, r edke miliolide, teks tu lar i je in ver-
neuilinide. Redki s ta algi Salpingoporella annulata in S. apenninica. 

V hauter iv i j skem horizontu nismo dobili nobene značilne favne. 
Določeno oporo n a m lahko nudi jo vrste rodu Favreina. P a p e š (1963) 
je v Livnem ugotovil najštevi lnejše favreine v hauter ivi ju . Tudi na 
Dolenjskem, zahodno od Loškega potoka, smo dobili najš tevi lnejše vrste 
rodu Favreina v skladih nad velikimi t int ininami in smo jih uvrstili 
v hauter ivi j . Mogoče bomo z nada l jn j im raziskovanjem lahko pripisali 
nekater im vrs tam rodu Favreina večji s t rat igrafski pomen. 

Bar remi j : Bačinella irregularis, Haplophragmoides sp. Trochammi-
noides sp., orbitolinide, Cuneolina sp., miliolide, tekstular i je . 

Apt i j : Salpingoporella dinarica, Cuneolina laurentii, Cuneolina sp., 
orbitolinide, miliolide. 

S t ra t igrafska razšir jenost mikrofosilov j e podana na 5. tabeli. Za 
točno zapovrstnost mikrofosilov po plasteh pa nava jamo še mikropaleonto-
loške analize vseh vzorcev iz profi la pr i Voglar j ih (št. 17 do 32) od 
zgornjeport landi jskih do spodnjealbi jskih skladov (6. tabela). 

Zaključki 

1. Na ozemlju Trnovskega gozda je bila sedimentacija na prehodu 
iz zgornje ju re v spodnjo kredo neprekinjena . V zg. malrnu nastopa zna-
čilna alga Clypeina jurassica. Mejo med ju ro in kredo postavl jamo tam, 
k j e r ta alga izumre. 

2. Velike t int inine se pojavi jo že v zgornjem port landiju, najštevi l-
nejše so v valangini ju in konec valanginija skupa j z ner inejami izginejo. 
Nerineje so zelo pogostne že v zgornjem malmu, nada l ju je jo pa se še 
v spodnjo kredo. 

3. Hauter iv i jske plasti vsebuje jo redko mikrofavno. Najznačilnejše 
so favre ine (F. salevensis), ki j ih sp reml ja jo redke alge iz rodu Salpingo-
porella. 

4. P r v i pojavi orbitolinid in kuneol in t e r vrs ta Bačinella irregularis 
označujejo bar remi jsko s topnjo spodnje krede. 

5. Starost apt i jskih skladov je določena z algo Salpingoporella dina-
rica, k i je vodilna za ta horizont in je na Trnovskem gozdu zelo po-
gostna. Spreml ja jo jo orbitolinide, kuneoline ter redkejše druge forami-
nifere. 

6. V albi jsko-cenomanijskih skladih se po jav l ja jo rekvienije, ner ineje 
in orbitolinide. Albij in cenomanij se ne razl ikujeta niti litološko niti 
po makrofavni . Mikrofavnist ično tega horizonta nismo raziskali. 



STRATIGRAFSKA RAZSlRJENOST MIKROFOSILOV NA TRNOVSKEM GOZDU 

STRATI GRAPHICAL DISTRIBUTION OF MICROFOSILS IN TRNOVSKI GOZD 

5. tabela Table 5 

Zg. ma lm Valangini j Hauter iv i j Bar remi j Apt i j Albi j 
Upp. Malm Valanginian Hauter ivian Barremiaii Aptaan Albiain 

Clypeina jurassica X X X X X X 

Salpingoporella annulata x 9. x x x X X X X X X X X X X X X 

Salpingoporella apenninica X X X X X X X X X X X 

Campbelliella mileši X X X X X X X X X X 

Daturellina costata X X X X X X X X X X 

Zetella sp. X X X X X X X X 

Vemeuilina sp. X X X X X X X X X X 

miliolide X X X X X X X X X X X X X X X X X X X X X 

tekstulari je X X X X X X X X X X X X X X X X X X 

Trochamrninoidea sp. X X X X X X X X X X X X 

Haplophragmoides sp. X X X X X X X X X 

Bačinella irregularis X X X X X X 

Cuneolina sp. X X X X X X X X X 

Cuneolina laurentii X X X X 

Orbitolinidae X X X X X X X X X X X X X X 

Salpingoporella dinarica X X X X X X 

Aeolisacus sp. X X 

Favreina salevensis X X X X X 



MIKROPALEONTOLOŠKE ANALIZE IZ PROFILA PRI VOGLARJIH 
MICROPALAEONTOLOGICAL ANALYSES OF SAMPLES FROM SECTION 

AT VOGLARJI 
6. tabela Table 6 

Stratigr. 
horizont 
stratigr. 
Horizon 

Številka 
vzorca 

Number of 
samples 

Mikrofavna 
Microfauna 

Albij? 
Albian? 

Aptij 
Aptian 

32 
31 
30 

29 

28 

Orbitolina conoidea, O. discoidea, Miliolidae 
Salpingoporella dinarica, Miliolidae 
Salpingoporella dinarica, Orbitolinidae, Mi-
liolidae, Tex tul ari dae 
Haplophragmoides sp., Verneuilina sp., Mi-
liolidae 
Cuneolina laurentii, Salpingoporella dinarica, 
Haplophragmoides sp., Trochamminoides sp., 
Verneuilinidae, Aeolisacus sp. 

Barremdj 
Barremian 

27 
26 
25 
24 
23 

Bačinella irregularis, Orbitolinidae 
Miliolidae, Textularidae 
Cuneolina laurentii, Miliolidae 
brez mikrofavne — without microfauna 
Bačinella irregularis, Haplophragmoides sp., 
Trochamminoides sp., Orbitolinidae, Verneui-
linidae, Miliolidae, Textularidae 

Hauterivij 

Hauterivian 

22 

21 

Salpingoporella annulata, S. apenninica, Fa-
vreina sp., Miliolidae 
Verneuilina sp., Textularidae, Miliolidae 

Valanginij 

Valanginian 

20 

19 
18 

Cayeuxia sp., Salpingoporella apenninica, S. 
annulata, Daturellina costata 
brez mikrofavne — without microfauna 
Campbelliella mileši,. Daturellina sp., Zetella 
sp., Salpingoporella annulata 

Zg. port landij 
Up. Portlandian 17 Clypeina jurassica, Tintinnina, Cayeuxia sp. 

Sp. port landij 
Zg. kimmeridgij 
L. Portlandian 
U. Kimmeridgian 

Clypeina jurassica 

Sp. kimmeridgij 
—oxfordij 
L. Kimmeridgian 
—Oxfordian 

Hydrozoa, Anthozoa, Chaetetidae 



THE DEVELOPMENT O F THE LOWER CRETACEOUS BEDS AND THE 
BOUNDARY BETWEEN JURASSIC AND CRETACEOUS FORMATIONS 

IN THE WESTERN P A R T O F TRNOVSKI GOZD 

The micropalaeontological analyses of samples f r o m several localities 
of Trnovski gozd (Southwestern Slovenia), have enabled us to distinguish 
some strat igraphical horizons of the Lower Cretaceous. There have been 
established: Valanginian, Hauter ivian, Barremian, Apt ian and Lower 
Albian. The s t ra t igraphic sequence of Trnovski gozd can be compared 
wi th the same horizons in Dalmatia and in Southern Italy. Similar 
relations occur also in some places of Lowland and Inland Slovenia. 

The f o r m e r invest igators dist inguished i n t he Upper Jurass ic of 
Trnovski gozd the sphaeract inian and the coral limestones, and in the 
uppermost par t the ner inean limestone, which was ranged as a whole 
into the Ti thonian stage. The coral and sphaeract inian limestones u p to 
now have been compared wi th the S t ramberk horizon. 

On the basis of the micropalaentological evidence the authors 
succeeded to demonst ra te tha t the greater par t of the ner inean limestone, 
till now placed in the Upper Jurassic, belongs to the Lower Cretaceous, 
namely to Valanginian and Hauter ivian. 

The Upper Malmian s t ra ta a re developed especially well a t Krnica 
east of Trnovo, and near t he village Rijavci. These s t ra ta occur as whi te 
to brownish grey compact and well s t rat i f ied limestone al ternat ing wi th 
b rown oolitic limestone. 

F rom the Upper Malmian to Albian s t ra ta the following microfossils 
have been determined: 

Algae: Clypeina jurassica Favre 
Salpingoporella annulata Carozzi 
Salpingoporella apenninica Sar toni e Crescent! 
Salpingoporella dinarica Radoičič 

Foramini fera : Verneuilina sp. 
Cuneolina laurenti Sar toni e Crescent! 
Cuneolina sp. 
Haplophragmoides sp. 
Trochamminoides sp. 
Chojjatella sp. 
Orbi tol inidae 
Miliolidae 
Textular idae 

Tint inninae: Campbelhella mileši Radoičič 
Campbelliella sp. 
Daturellina costata Radoičič 
Daturellina sp. 
Zetella sp. 



Crus tacea : Favreina salevensis (Pare jas) 
Favreina kurdistanensis El l iot t 
Favreina sp. 

Incer tae sedis: Bačinella irregularis Radoičič 
Aeolisacus sp. 

Clypeina jurassica F a v r e is we l l exposed in t h e a rea of 
Trnovski gozd, b u t t he beds of th is leading alga a re in some localities 
t h inne r in compar ison w i t h f ind ing places of N o t r a n j s k a and Dolenjska . 

S alping o p or ell a apenninica Sa r ton i e Crescenti . This 
alga is s imi la r to S. annulata, b u t it is smal ler and has among par t i cu la r 
verticils t he f u r r o w s which a re easily seen. S. apenninica was found by 
S a r t o n i a n d C r e s c e n t i (1960) in t h e "Cone wi th S. apenninica" , 
and allocated to t h e U p p e r T i thonian in Sou th Appennins . I t lies above 
t h e hor izon w i t h L a r g e Tin t inn inae , w h i c h a r e charac ter i s t ic f o r Va lan -
ginian, t h e r e f o r e w e suppose t ha t "cone w i t h S. apenninica" is younger 
t h a n Valangin ian , a n d a n y h o w younger t h a n t h e Upper Por t land ian . In 
our coun t ry a lga S. apenninica h a s been f o u n d toge ther w i t h L a r g e T in-
t inn inae in Valang in ian a n d toge ther w i t h f av re ins in Hau te r iv i an beds. 

S alping o p or e 11 a dinar ica Radoičič has been described f o r 
t h e f i r s t t ime in Slovenia. I t is a b u n d a n t in the Ap t i an horizon and is 
one of t he leading fossil of th is period. Our specimens correspond w i t h 
the descr ipt ion of R a d o i č i č , b u t some of t h e m a re smal ler t h a n u p 
to th is t ime k n o w n fo rms . The m e a s u r e m e n t s of alga S. dinarica f r o m 
Trnovski gozd a re as fo l low: 

a f t e r Radoičič: 

d i amete r of alga 0,13—0,49 m m (0,24—0,56 mm) 
d iamete r of axia l t ube 0,07—0,26 m m (0,128—0,400 mm) 

At t h e f i r s t t i m e R a d o i č i č al located Salpingoporella dinarica 
a n d Bačinella irregularis t o one horizon of the Ba r r emian -Ap t i an age. 
They we re also r anged in the same per iod by I ta l ian inves t iga tors S a r -
t o n i and C r e s c e n t i , and by E l l i o t t , w h o described S. dinarica 
as Hensonella cylindrica f r o m I r aq ( S a r t o n i e C r e s c e n t i , 1962). 
Now-a-days p redomina te s the opinion t ha t S. dinarica belongs t o the 
uppe r pa r t of t he B a r r e m i a n - A p t i a n s t r a t a ; consequent ly S. dinarica is 
cha rac t e r i s eca l f o r t h e A p t i a n horizon. 

? L a r g e T i n t i n n i n a e . The fossil f o r m s which we re denoted by 
F a v r e as organism "C", a n d la ter C a r o z z i de te rmined t h e m f o r 
p te ropods and n a m e d t h e m Vaginella striata ( C a r o z z a , 1954), R a -
d o i č i č al located to- Cil iata to t h e g roup of Tint i imina, a n d erected 
n e w independen t genera w i t h m a n y species. ( R a d o i č i č , 1959, 1963). 
F a r i n a c c i has all t he above ment ioned fossils combined into one 
species Banfcia striata (Carozzi), and allocated t h e m to t h e Lamel l ib ran-
chiata of t h e f ami ly Teredin idae . The same au thor says t ha t t h e redupl ica-
tion, which appea r s a t th is organism, is so f a r not k n o w n at Ciliata. 



Besides she points out tha t the wal l of well preserved examples consists 
of a th in internal layer and an external one ( F a r i n a c c i , 1963). 

We have examined a lot of material and discovered the "double 
walls" only at reduplicated specimens. The reduplication is, however, 
part iculari ty so for t he mussels as for the t intinnins. We appreciate the 
opinion and the s ta tements of R a d o i č i č , and place the problematic 
fossils among the Tintinninae, unt i l their systematical position is not 
f inally solved. 

On the te r r i tory of Trnovski gozd t he Large Tin t inninae a r e not so 
good preserved as in some localities of Lowland Slovenia. All the species, 
we have established (Campbelliella rnilesi, Daturellina costata, Zetella 
sp.) were already described in our country ( T u r n š e k , 1964). According 
to tha t we mention them only as a new finding place in Trnovski gozd. 

The Large Tint inninae appear a l ready in t he Upper Por t landian 
together wi th Clypeina jurassica, bu t there a re more numerous in Va-
langinian beds, where they appear like stonebuilders. 

F o r a m i n i f e r a . The various fo rms of miliolids, textular ids , and 
verneuil inids occur in all the layers f rom the Upper Jurassic to Albian. 
Their existence is not of considerable importance for the s t ra t igraphy of 
t he Lower Cretaceaous beds. There h a v e been found Cuneolina laurentii 
Sar toni e Crescenti, Haplophragmoides sp., Trochamminoides sp. and 
Orbitolinidae. 

F a v r e i n a e . The rests of favreins are rarely found in Trnovski 
gozd. Only one species F. salevevisis (Parejas) has been determined. It 
occurs in the beds of the Hauter ivian age. 

B a č in e 11 a irregularis Radoičič. R a d o i č i č (1959) has 
the new genus Bačinella described as fossil organism, which is consisted 
of cells of d i f fe ren t size and i r regular forms. These a r e a r ranged in to the 
groups or series, which are i r regular ly interlaced. Genus has been 
allocated to Algae, its systematic position has not been obvious. S a r t o n i 
and C r e s c e n t i have found Bačinella in the beds of Lower Cretaceous 
in South Appennins, and they suppose to deal wi th a special f o rm of 
calcareous Algae. 

So fa r we do not know any alga wi th similar structure. The tubes 
at solenopors are parallel. We consider, tha t Bačinella belongs to the 
special group of hydrozoans, like Cladocoropsis. Different fo rms of "cells" 
with par t ings in Bačinella remind us of coenosteal tubes and interspaces 
with tabulae in hydrozoans. Also the microst ructure of skeletal elements 
in Bačinella resembles to tha t of hydrozoans. In some elements of 
Bačinella we can obviously notice the medial dark line wi th radial 
f ibrous. 

In the area of Trnovski gozd Bačinella has been found under the 
s t ra ta wi th Salpingoporella dinarica, and corresponds to t he Barremian 
stage of the Lower Cretaceous. 
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Conclusions 

The micropalaeontological analyses of samples f r o m Trnovski gozd 
show the fol lowing resul ts : 

1. Sed imenta t ion f r o m the U p p e r Jurass ic to Lower Cretaceous 
evolved un in te r rup ted ly . The b o u n d a r y be tween the Por t l and ian and the 
Valangin ian is erected there , w h e r e Clypeina jurassica became extinct . 

2. T h e L a r g e T i n t i n n i n a e appea r a l r eady in t h e U p p e r Por t l and ian , 
more f r e q u e n t they a re in the Valanginian . A t the end of Valangin ian 
the L a r g e T i n t i n n i n a e toge the r wi th N e r i n e a e became ext inct . 

3. The Hau te r iv i an s t r a t a seldom contain mic rofauna . The most 
common a re f av re ins (Favreina salevensis), accompanied by r a r e Sal-
pingoporella annulata a n d S. apenninica. 

4. Bačinella irregularis a n d t h e f i r s t appea rance of cuneolins and 
orbi tol inids character ize the B a r r e m i a n s tage of t h e Lower Cretaceous. 

5. T h e age of Ap t i an beds is de te rmined by the alga Salpingoporella 
dinarica wh ich is o f t en f o u n d on Trnovski gozd. 

6. T h e s t r a ta wi th Salpingoporella dinarica a r e overlain by the 
Alb ian-Cenomanian beds, conta ining t h e f r a g m e n t s of Requieniae, and 
Radioli tes toge ther wi th Orbi tol inidae. 

A precise succession of m ic ro fauna in Upper Malmian and Lower 
Cretaceous a n d the division on t h e indiv idual s t ra t ig raphic horizons is 
given in t h e Slovenian t ex t e on the tables 5 a n d 6. 
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H I P E R S T E N O V ANDEZIT PRI SV. ROKU OB SOTLI 
Ernest Faninger 

Z 1 sliko med tekstom 

V t e r c i a r ju je bilo n a Slovenskem močno vu lkansko delovanje . 
Večina i zbruhov je bi la v s p o d n j e m miocenu, v e n d a r pa se je vu lkan izem 
ponekod pojavi l že v oligocenu (H a m r 1 a , 1955). Terc iarn i vu lkan izem 
se j e končal v pl iocenu z izlivi baza l tne lave; s ledove t e z a d n j e faze 
n a j d e m o le v s k r a j n e m severovzhodnem delu Slovenije . 

Za oligocensko-miocenski vu lkan izem n a s lovenskem ozeml ju so zna-
čilni p r edvsem andezi t i in dacit i t e r n j ihov i grohi . Andezi t i so povečini 
avgitni , r e d k e j e hipers tenovi , daciti pa rogovačni ali biot i tni , oziroma 
hlor i tn i , k a d a r h lor i t nadomešča biot i t . Avgi tn i andezi t je r azš i r j en p r ed -
vsem okoli Šaleške doline; n a j d e m o ga na Smrekovcu , p r i Belih vodah 
in drugod. Kot naha ja l i šče h ipers tenovega andezi ta n a v a j a T e l l e r (1898) 
Št. I l j p r i D r a m l j a h . Dacit i so v zahodnem delu P o h o r j a te r v bl ižnj i 
dolini r e k e D r a v e in v ša lešk i dolini. 

Andez i te n a Slovenskem o m e n j a j o številni av to r j i v geoloških ( T e l -
l e r , 1898) in pe t rogra f sk ih r a z p r a v a h ( G r a b e r , 1929), n j i hovega 
popolnega pe t rogra f skega opisa p a doslej še n i n ihče objavil . 

V na šem č lanku bomo obdelal i le p redorn ino od Sv. Roka ob Sotli, 
ki jo j e H a t l e (1881) označil kot avgi tn i andezi t in ka sne j e še 
D r e g e r (1920) kot roženast t rah i t . 

T e m n o siva do črna p redo rn ina p r i Sv. Roku ob Sotli j e s p o d n j e 
miocenske s taros t i in kaže por f i r sko s t ruk tu ro . N j e n e g lavne ses tavine so 
v t rošnik i plagioklazov (12 vol. °/o) in rombičn ih pi roksenov (5 vol. %), 
ostalo, razen d robn ih zrnc magne t i t a , p r i pada t e m n i a m o r f n i osnovi, k i pe 
ima tud i t a n j š e svet le jše pasove. 

Plagioklazovi v t rošnik i u s t r eza jo po opt ičnih las tnost ih v i sokotempe-
r a t u r n i m modi f ikac i j am. Nj ihova sestava n iha med 60 °/o in 71 °/o an — 
s redn ja vrednos t sedmih mer i t ev us t reza l ab rador i tu s 65 °/o anor t i tne 
k o m p o n e n t e ( Z a v a r i c k i j , 1958). Pr i rombičnih p i roksenih pa opazimo 
n i h a n j e ko ta opt ičnih osi med —53° in —63°; kot s r e d n j o vrednos t p r i 
š t i r ih m e r i t v a h dobimo 2 V = —59°, k a r us t reza h ipers tenu s 37 °/o fe ro -
si l i tne komponen te ( T r o g e r , 1956). 

K a m e n i n o p r i Sv. Roku ob Sotli m o r a m o to re j po n j e n i moda ln i 
sestavi, s t r u k t u r i in s taros t i imenova t i andezi t , točne je h ipers tenov l a b r a -
dor i tov andezi t . 

Ogle jmo si še kemično sestavo k a m e n i n e in k las i f ikaci jo na kemični 
podlagi ; anal izo in us t r ezne m a g m a t s k e p a r a m e t r e v id imo v 1. tabel i . 



Za p redorn ino pr i Sv. Roku ob Sotli je p redvsem značilna visoka količina 
pros te k remenice v no rma t ivn i sestavi; zato se tudi Niggli jevi p a r a m e t r i 
u j e m a j o z no rma lno k remenovo dior i tsko m a g m o in ne z dioritsko, kot 
bi pr ičakoval i glede na n j e n o moda lno sestavo, k i n ima k r e m e n a v v t roš -
nikih . Toda visoka kol ičina pros te k remen ice v no rma t ivn i sestavi n a m 
da sluti t i , da j e t u d i k r e m e n b is tvena ses tavina a m o r f n e osnove. Rombični 
p i rokseni v modaln i sestavi so v popolnem soglasju z no rma t ivno sestavo, 
s a j j e p r i n j e j wolas ton i tna k o m p o n e n t a t ako m a j h n a , da je ni t r eba 
upoš teva t i in t ako p r i p a d a j o tud i v no rma t ivn i sestavi p rak t i čno vsi 
p i rokseni rombični vrs t i . 

Naša k a m e n i n a us t reza to re j po Niggl i jevih p a r a m e t r i h n o r m a l n e m u 
k r e m e n o v e m u d ior i t skemu t ipu m a g m e in n e d ior i t skemu (B u r r i , 
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SI. 1. — Abb. 1 
Pr imerjava magmatske kamenine od Sv. Roka ob Sotli z andezitom in dacitom 
Vergleich des Eruptivgesteines von V. Rok ob Sotli mit Andesit und Dacit 

Označba Kamenina 
Bezeichnung Gestedn 

1 Andezat od Sv. Roka ob Sotli 
2 Andezit ( T r o g e r , 1935) 
3 Dacit ( T r o g e r , 1935) 

Q L M 

49.2 39,7 11,1 
35,8 43,3 20,9 
52,0 35,5 12,5 



1959), kot bi pr i andezitih v splošnem pričakovali. Zato nas tane vpra -
šanje, ali smo s kemičnega vidika sploh upravičeni, da imenujemo našo 
kamenino andezit. Tudi p r imer j ava vrednost i QLM ( B u r r i , 1959) 
s t ipičnim andezitom in dacitom, ki ju n a v a j a T r o g e r (1935), n a m 
pokaže, da zavzema sicer naš vzorec neko vmesno lego med obema ka -
meninama, vendar je n jegova projekci jska točka mnogo bliže dacitu kot 
andezi tu (1. slika). Tudi p r imer j ava istih kamenin s pomočjo parametrov 
Zavarickega n a m pove, da se po kemičnih lastnostih naša kamenina 
mnogo bol j pr ibl ižuje dacitu kot andezitu, saj je vrednost d proti dacitu 
3,1, prot i andezi tu pa 9,5 ( S a w a r i z k i , 1954). Po kemičnih lastnostih 
g re tore j p re j za dacit kot za andezit. Toda za klasifikacijo magmatskih 
kamenin je merodajne jša modalna sestava, ki kaže, da je naš vzorec 
tipični andezit. Kemična sestava pa n a m je le važno dopolnilo, k i kaže, 
da je predornina od Sv. Roka bolj kisla, kot bi pr i andezitih pričakovali. 

HYPERSTHENANDESIT BEI SV. ROK OB SOTLI 

Im Terziar h a t es in Slowenien eine s tarke vulkanische Tatigkeit 
gegeben. Der groBte Teil der Ergiisse f and im unteren Miozan stat, 
doch es gibt auch Anzeichen da fu r , dafi einzelne Ausbruche schon im 
Oligozan s ta tgefunden haben (H a m r 1 a , 1955). Die terziare vulkanische 
Tatigkeit f and im Pliozan mit Basaltergussen ihren AbschluB, doch ist 
diese letzte Phase n u r an das auBerste nordostliche Gebiet Sloweniens 
beschrankt . 

Die Spuren des oligozan-miozanen Vulkanismus sind in Slowenien 
sehr haufig . Es handel t sich vorwiegend u m Andesite und Dacite, die 
hauf ig von Tu f f en begleitet werden. Bei den Andesiten unterscheidet m a n 
Augi t - und Hypersthenandesi te , bei den Daciten t re ten aber als femische 
Einsprenglinge gewohnlich Hornblende und Biotit bzw. Chlorit auf. 

Die Aufgabe unserer Abhandlung ist die petrographische Beschrei-
bung des aus un te rem Miozan s tammenden ErguBgesteines, das bei 
Sv. Rok ob Sotli — einer Ortschaf t ostlich von Rogatec — auf t r i t . Das 
Gestein w u r d e ers tmals von H a 11 e (1881) als Augit-Andesi t beschrieben 
und spater von D r e g e r (1920) als Hornfels t rachyt bezeichnet. 

Das dunkle ErguBgestein von Sv. Rok ob Sotli weist eine porphyrische 
S t r u k t u r auf. Als Einsprenglinge t re ten Plagioklase (12 Vol. °/o) und 
rhombische Pyroxene (5 Vol. °/o) auf, den Rest, auBer uberall im Gestein 
auf t re tenden winzigen " Magneti tkornchen, bildet eine dunkle Grund-
masse, die auch schmalere lichtere Bander aufweist . 

Die Plagioklaseinsprenglinge entsprechen der optischen Eigenschaften 
nach den Hochtempera tur formen ( Z a v a r i c k i j , 1958). Ih re Zusam-
mensetzung schwankt zwischen 60 % und 71 %> An — der Mit telwert von 
sieben Messungen weist einen Gehal t von 65°/oAn auf und entspricht 
sonach einem Labradori t . Bei den rhombischen Pyroxenen aber schwankt 
der Winkel der optischen Achsen zwischen —53° und —63° — und der 
Mit te lwert von vier Messungen ergab 2 V = —59°; auf Grund dessen 
entscprechen die rhombischen Pyroxenen einem Hypers then mit 3 7 % 



Feros i l i tkomponente . Der mineralogischen Zusammense tzung , S t r u k t u r 
u n d Al ters nach muB das Gestein von Sv. Rok ob Sotli als Andesit , ge-
n a u e r gesagt als Hypers then labrador i t andes i t , klassif iziert werden . 

Die chemische Zusammense tzung ist in der Tabel le 1 ersichtlich. Es 
ist zunachs t da r in eine f u r d ie Andes i te ungewohnl ich grofie f re i Quarz-
menge auf fa l lend . Auch d ie Niggl i -Werte en tsprechen nicht e inem diori t i-
schen sondern e inem no rma len quarzdior i t i schen Magma (B u r r i , 1959), 
obwohl m a n bei den Andes i ten in a l lgemeinen ein diori t isches M a g m a 
e r w a r t e n solite. Auch der Vergleich der QLM-Wer te mi t e inem typischen 
Andes i t und Dacit , die von T r o g e r (1935) angegeben werden , zeigt 
uns, daB das Gestein von Sv. Rok ob Sotli zwar e ine Zwischenstel lung 
zwischen beiden Ges te ins typen e inn immt , doch es k o m m t an der Zeich-
n u n g (Abb. 1) viel n a h e r an den Dacit als an den Andesi t zu liegen. Auch 
der Vergleich des Chemismus derselben Gesteinen mi t te l s der Zavar ick i j -
P a r a m e t e r ( S a w a r i z k i , 1954) zeigt uns e ine viel groBere A n n a h e -
r u n g a n den Dacit a ls a n den Andesi t , d e n n d gegeni iber Daci t h a t den 
Wer t 3,1, gegenuber Andes i t abe r 9,5. Nach der chemischen Z u s a m m e n -
setzung miif t te das Gestein von Sv. Rok ob Sotli eher Dacit als Andesi t 
angesprochen werden . Doch wei l f u r die Klassif icat ion der E rup t iv -
geste inen die modale Zusammense tzung maBgebender ist, und nach dieser 
wi rd unser Gestein als Andes i t be t rachte t , muB dieser N a m e beibehal ten 
werden . Doch die chemische Zusammense tzung gibt uns A u s k u n f t , daB 
das Gestein von Sv. Rok ob Sotli s a u r e r ist als nach der mikroskopischen 
Un te r suchung zu e r w a r t e n ware . Da als Eindsprengl ing kein Quarz vo r -
h a n d e n ist, muB der n o r m a t i v e Quarzi iberschuB in der a m o r p h e n G r u n d -
masse en tha l t en sein. Durch die n iedere Wol las toni tmenge in der n o r m a -
t iven Zusammense tzung ist das A u f t r e t e n der rhombischen Pyroxenen 
in de r moda len Zusammense t zung vo l lkommen erklarl ich. 
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1. tabela Tabel le 1. 
HIPERSTENOV ANDEZIT PRI SV. ROKU OB SOTLI 

HYPERSTHENANDESIT VON SV. ROK OB SOTLI 

a) Kemična anal iza in sistem CIPW 

Anal i t ik : M a x W e i b e l , Zurich 

Utež. % 

S1O2 = 63,6 Q — 21,90 
TiO* = 0,51 or = 6,40 
AhOt 15,5 a b = 33.82 
Fe203 — 1,4 an = 21,14 
FeO = 3,8 j w o = 0,03 
M n O = 0,10 d i -J en = 0,02 
MgO = 1,9 | l s = 0,01 
CaO = 4,5 hy < ( e n — 4,70 
Na s O = 4,0 hy < U s = 5,13 
K 2 O = 1»! m t — 2,08 
PAOS — 0,16 il — 0,91 
H 2 O + — 3,0 ap = 0.36 
H 2 O - 0,6 Sal _ 83,26 Sal 83,26 

100,17 Fem — 13.24 
H 2 O rr 3,6 

Sistem CIPW 

Sal 83,26 
F e m 13,24 

Q 21,90 

F 61,36 

Na žO' + K j O ' _ 760 

CaO' 760 

K a O' 115 

Na2Oy 543 

6.3 

0.36 

1,00 

0.18 

C I P W (I) II. 4. 3. 4 (5). 

100,10 

b) Nigglijevi magmatsk i paramet r i in ekv iva len tna norma ( B u r r i , 1959) 

Nigglijevi pa ramet r i 

si — 248,0 
ti = 1,41 
P = 0,23 
al = 35,6 
f m = 27,9 
c — 18,7 
a l k = 17,8 
k — 0,15 
mg = 0,40 
qz = + 7 6 , 8 

Magma: n o r m a l n a kremenovo diori tska 

baza dopolnilni pa ramet r i ka t anorma 

Q = 49,19 71 = 0,35 Q = 20,83 
K p = 4,00 r = 0,01 Or = 6,67 
Ne = 22,47 /* = 0,45 A b = 37,45 
Cal = 13,24 k' = 0,15 A n = 22,07 
Cs = 0,05 mg' = 0,45 Wo = 0,06 
Fs = 1,57 En = 5,45 
Fo = 4,09 Hy = 5,21 
Fa = 4,70 Q = 49,19 Mt = 1,57 
Ru = 0,35 L = 4,70 Ru - 0,35 
Cp = 0,34 M - 11,10 Cp = 0,34 

100,00 100,00 
Sestava plagioklazov: 37,1 % An 

c) pa rame t r i Zavar ickega 

a = 10,8 r = 58,5 n = 84,9 
c = 5,4 m' = 38,2 t = 0,6 
b = 8,7 c' = 3,3 •P = 14,6 
s = 75,1 Q =-1-23,2 



POROČILO O DELU SLOVENSKEGA GEOLOŠKEGA DRUŠTVA 
V LETIH 1963 DO 1965 

Mario Pleničar 

V t em času je društvo iskalo stikov s slovenskimi in drugimi jugo-
slovanskimi ter inozemskimi geologi. Tesneje se je povezalo tudi s pre-
davate l j i geologije na s rednj ih šolah. 

Jeseni 1963 je organiziralo skupno z zavodom za napredek šolstva 
tečaj geologije za srednješolske predavatel je . Geološko druš tvo je pre-
skrbelo predavatel je , ki so teča j vodili. Na teča ju so obravnavali p red-
vsem teoretična vprašan ja . Podobni pr ihodnj i tečaji n a j b i zajeli prakt ično 
uporabo geoloških izsledkov in metod v gospodarstvu. 

Malo pred tem Časom je bil tudi dokončno izdelan diaf i lm kot učni 
pripomoček za pouk geologije. 

Druš tvo je povabilo v Ljubl jano več tu j ih geologov, k i so imeli pri 
nas p redavan ja in so se udeležili z nekater imi člani druš tva geoloških 
obhodov. V t em času j e bil dvakra t v Ljubl jan i duna j sk i paleontolog 
dr. O thmar Kiihn, častni član Slovenskega geološkega druš tva in dopisni 
član SAZU, dal je sta nas obiskala znani poljski sedimentolog dr . Stanislav 
Djul inski in sovjetski tektonik dr . Adran Sorski j. 

Jeseni 1964 j e druš tvo sodelovalo pr i organizaciji geološke ekskurzi je 
avstr i jskega in nemškega geološkega druš tva po Sloveniji ob priliki 
geološkega posvetovanja na Duna ju . Društvo je za to ekskurzi jo izdalo 
poseben vodič. Ekskurzi jo so vodili t r i j e naši člani (dr. Dušan Kuščer, 
dr. Anton Ramovš in Ančka Ravnik-Hinterlechner) . 

P rek Zveze geoloških društev je naše druš tvo poslalo dva člana na 
geološko posvetovanje o te rc ia r ju v Pečuh n a Madžarskem. Kot gosta 
Madžarskega geološkega druš tva so ju peljali še v Budimpešto, ter j ima 
omogočili s t ike z raznimi geološkimi s t rokovnjaki . 

Razen v poletnih mesecih je društvo organiziralo vsakih 14 dni s tro-
kovno p redavan je ali diskusijski večer. Od 25. 1. 1963 do 20. 3. 1965 so 
bila nas lednja j avna p redavan ja : 

25.1.1963 S. Gadžič, Hidrogeologija izvirnega območja Pive 
1.2. F. Habe, Geološko-morfološki paberki s poti po norveških le-

denikih in f jo rd ih 
22. 2. T. S. Lowering, The search for blind ore-bodies in the East 

Tintic district, Utah 



15. 3. D. Kuščer, Geološki vtisi s potovanja v Romunijo 
8. 3. M. Dolenc, S tan je železovih, svinčevih in cinkovih rudnikov 

v Alžiriji 
5. 4. R. Gospodarič, Geološki izlet v Poljske Tatre in predgor je 
25.4. H. Usova, Pr ikaz serije diapozitivov za pouk geologije na 

srednj ih šolah 
16. 5. skupno z Geografskim druš tvom: M. Šifrer , O historičnih gi-

banj ih ledenikov v Otztalskih in naših Alpah 
12.6. skupno z Geografskim druš tvom: N. Cadeževa, Povojna ba r -

van ja ponikalnic v Sloveniji 
25.10. O. Kiihn, Geološko potovanje v Etiopijo 
8.1.1964 Diskusijski večer o hidrogeološkem s tandardu; vodil ga je 

dr. Dušan Kuščer 
22.1. Napovedano predavan je S. Božičeviča o krasu v Liki je od-

padlo, ker se referent ni javil. Namesto predavanja smo 
predvaja l i diapozitive o podmorskem svetu. Tolmačil je 
D. Kuščer 

19. 2. M. Pleničar, O geoloških raziskovanjih v Alžiriji 
11.3. S. Buser, Geologija Trnovskega gozda 
25. 3. S. Buser, Geologija Vipavske doline 
8. 4. M. Iskra, Geologija Savskih j am 
22. 4. V. Bohinc, Vtisi s poti po Grčiji 
28. 10. J. Perkavac, Metode sledenja kraških vod 
18.11. F. Habe, Etna in Vezuv 
9.12. S. Janežič, Odvodnjavanje zgornjerenskega premogovnega 

bazena 
23. 12. R. Pavlovec, Geološki vtisi s Kephallenie in I thake 
13. 1. 1965 D. Ravnik, O geoloških raziskovanjih v Etiopiji in Eri t rej i 
27. 1. Diskusija o s tandardu inženirsko-geološke karte. Vodil jo je 

F. Drobne 
17. 2. M. Breznik, Hidrogeološke razmere pokraj ine Jezire v Siriji 
3. 2. J. Duhovnik, Ogled rudišč in organizacija raziskovalnega dela 

v Bolgarij i 
20. 3. 1965 Za občni zbor smo pripravil i naslednje kra tke referate : 

M. Dolenc, Geološke raziskave v tu j in i in perspektive 
E. Faninger, Magmatske kamenine v severni Sloveniji 
F. Drobne, Geologija Ljubl jane 
T. Nosan, Hidrogeološke in inženirsko-geološke raziskave 

v Sloveniji 

Dolgoletni društveni referent za šolstvo prof. Usova je napisala v tem 
času že drugi učbenik za pouk geologije na srednj ih šolah. Prednost tega 
učbenika je predvsem v tem, da nava ja pr imere za razne geološke zna-
čilnosti in pojave na slovenskem ozemlju in v mejah Jugoslavije. Drugi 
člani so priobčevali svoje izsledke v domačih in tu j ih strokovnih revijah. 



R I H A R D U Š I M N O V C U V S P O M I N 

Šestega maja 1966 zvečer je ugasnilo življenje Riharda S i m n o v c a , 
moža, ki je 45 let svojega življenja posvetil slovenskim geologom in slo-
venski geologiji. 

Rodil se je 3. aprila 1891 v ljubljanskem 
Trnovem. Po končani štirirazredni ljudski šoli 
na Grabnu in petih letnikih umetnoobrtne 
strokovne šole je delal kot pohištveni mizar 
in strokovni risar pri raznih podjetjih doma 
in v inozemstvu. Kot je bila takrat navada, 
je po končanem uku odšel z doma, da bi se 
izpopolnil v stroki in si nabral življenjskih 
izkušenj. Prva svetovna vojna mu je v Tirolah 
prekrižala načrte, moral je na fronto. Kmalu 
po ustanovitvi ljubljanske univerze je bil ime-
novan za provizornega uslužbenca in bil 22. fe-
bruarja 1921 dodeljen geološko-paleontolo-
škemu inštitutu. Prof. M. Salopek je v njem 
spoznal sposobnega in vestnega delavca in že 
6. junija 1924 je bil postavljen za laboranta. Na tem mestu je ostal kot 
aktivni delavec do 1. aprila 1956, odtlej naprej pa kot honorarni delavec 
vse do konca prejšnjega leta, ko mu je neozdravljiva bolezen načela še 
poslednje moči. 

Simnovčeve velike sposobnosti, njegova delavnost in njegova velika 
ljubezen do dela v službi geologije so mu naklonile, da je dal v svojem 
poklicu veliko več, kot je od njega terjala laborantska služba. Poleg običaj-
nih del se je lotil še študija osnovne določevalne paleontološke literature 
in s profesorjevimi nasveti uredil paleontološko zbirko in še dve manjši 
zbirki za študentske vaje in jih nenehno spopolnjeval. S pomočjo litera-
ture se je lotil določevanja različnih fosilnih ostankov iz naših krajev, 
nabranih na geoloških ekskurzijah. Veliko zanimanje in izreden spomin 
sta mu pomagala, da je kmalu poznal vse okamenine v obsežni zbirki 
in vedel zanje tudi potrebno literaturo. To pa je bilo neprecenljive vred-
nosti za študente, ki jim je znal vselej svetovati in pomagati, kolikor je 
mogel. Med službovanjem je prepariral nešteto najrazličnejših okamenin 
od vsepovsod; svoje bogate izkušnje pa je rad posredoval vsem, ki so ga 
prosili za pomoč. 

V njegovi skrbi je bila skozi štiri desetletja tudi obsežna inštitutska 
knjižnica in vzorne kartoteke so njegovo delo. Poznal je domala vso 



domačo in t u j o s t rokovno l i t e r a tu ro in n i ga bilo bol jšega svetovalca 
š tuden tom, ko t je bil n a š Simnovec. Števi lni geologi in d rug i s t rokov-
n j a k i so še po končanem š t u d i j u p r i h a j a l i k n j e m u po l i t e ra tu ro in 
nasvete . 

S svo j im tehn ičn im z n a n j e m in n a t a n č n o s t j o je v inš t i tu tu v celoti 
nadomes t i l še t ehničnega r i s a r j a . Izdelal j e več zah tevnih rokopisnih geo-
loških k a r t s lovenskih specialk, m n o g e geološke skice in š tevi lne š tud i j ske 
p r ipomočke za p r e d a v a n j a . Seveda so tud i sposobnost i n j egovega p r v o t -
nega poklica prišle vsepovsod do vel jave. Vselej in povsod se j e zavzemal 
za ugled inš t i tu ta , n a j b o l j pa j e to dokazal s svo j im ves tn im in n a t a n č n i m 
ter p r e d a n i m delom slovenski geologiji . 

S k o r a j vse generac i je s lovenskih geologov j e sp reml ja l od začetka 
š tud i j a do diplome, pomaga l p a j e še š tevi ln im š tuden tom biologije, geo-
gra f i j e , g radben i š tva in ruda r s tva . In p r a v vsem j e ostala globoka h v a -
ležnost za n jegovo nesebično pomoč, k i jo j e delil n a vse s t rani . 

Ob in t imni slovesnosti n j egovega 45-letnega l abo ran t skega dela j e bil 
o t roško vesel, da ga i m a j o n jegov i š t u d e n t j e t ako rad i in so se ga t a k o 
pr i s rčno spomnili . S svo j im delom p a j e zaslužil, da se ga s hva ležnos t jo 
s p o m i n j a m o tud i sedaj , k o ga ne bo več m e d nami . 

A. Ramovš 
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