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Biostratigrafija karnijske stopnje v okolici MeZice
Biostratigraphy of the Carnian beds in the MeZica area

Bogdan Jurkoviek
Geolodki zavod, 61000 Ljubljana, Parmova 33

Kratka vsebina

Zaporedje karnijskih plasti je v okolici MeZice neprekinjeno. Spodnja
meja karnijske stopnje zaenkrat $e ni dokazana, bolj pa je poznana no-
tranja razmejitev med podstopnjami. V julijski podstopnji so se odlozZili
trije skrilavi horizonti; v niihovi bazi leZi povsod apnentev oolit, med
skrilavei pa so razlini apnenci. Dolodeni fosili pripadajo dvema vrstama
polZev, sedmim vrstam 3koljk, eni navtilidni in petim amonitnim vrstam.
Vetina fosilov izvira iz prvega skrilavea. Litoloski razvoj in fosili kazejo
najvedjo sorodnost z Bleibergom na Koro3kem. Tuvalska podstopnja s fo-
sili ni dokazana; glede na konkordantno lego plasti pa obsega najbri
plastoviti apnenec med tretjim skrilavcem in noriskim dolomitom,

Absiract

The Carnian slage appears to be well developed in the Mezica area.
Nevertheless, its lower boundary is not closely defined, as the ore-bearing
limestone of the Cordevolian substage is devoid of all diagnostic fossils.
The Julian substage is characterized by three shaly horizons interbedded
by limestone and dolomite. Each of three shales is underlain by a black
limestone oolite sheet, From the shales were determined two gastropod,
seven pelecypod, one nautiloid, and five ammonoid species; most of them
were found in the first shale. The lithologic features and the fossil faunas
can be very well correlated with those of the Bleiberg area. The third
shale is overlain by a barren bedded limestone assigned to the Tuvalian
substage by means of lithological characters and its position under Norian
dolomite,

Uvod

Raziskano ozemlje se nahaja jugovzhodno od vrha Pece (2124 m) in zahodno
do severozahodno od Crne. Razteza se v ofjem pasu ob Helenskem potoku, od
njegovega izliva v MeZo (n. v. 626 m) do prvega kriZis¢a (n. v. 755 m) pribliZno
200 m pred rudarskim naseljem Helena (sl. 1).
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Po pisanih dokumentih je bilo prvo dovoljenje za raziskovanje svintevega
sijajnika v bliZini Crne izdano leta 1665, dobil pa ga je Hans Sigmund v. Othen-
fels; to je tudi rojstna letnica meZiskega rudarstva. Sele dvesto let pozneje sta
M. V. Lipold in W. C. Peters (F. Teller, 1896, 14) raziskala ozemlje
vzhodnih in zahodnih Karavank in narisala tudi prvo geolosko karto tega ozem-
lja v merilu 1:144 000. Od leta 1885 do 1919 je F. Teller kartiral cbmodje
Karavank ter Kamnigkih in Julijskih Alp. Leta 1953 sta Brejc in M. Ha-
mrla geoloSko kartirala to ozemlje v merilu 1:10 000,

Med novejsimi deli je treba poudariti raziskave A. Zorca (1955) in L
Strucla (1961). Zorc je poleg razvoja meidkega rudarstva opisal geolo-
gijo rudis¢a in SirSe okolice. V karnijski stopnji je razlikoval apnenec, dolomit,
skrilavec in lapor, ki jih je ¥tel k rabeljskim skladom. Loé&il je prvi in drugi
skrilavec, tretjega pa v svojem delu ni omenil. Strucl je v severnem apnen-
tevem pasu vzhodnih Karavank zelo natanéno razdelil plasti karnijske stopnje.
Se bolj pa je zanimiva njegova primerjava z Bleibergom.

Za pomol in nasvete pri izdelavi naloge se zahvaljujem dr. A. Ramov3u.

Stratigrafski pregled

Plasti karnijske stopnje v okolici MeZice so zelo pestro razvite. Ze na krajiih
razdaljah opazimo spremembe v petrografski sestavi kamenin in debelini
plasti, kar kaZe na spremembe sedimentacijskega okonlja. Vendar so kljub ver-
tikalni raznolikosti skladi podobno razviti na precej Sirokem obmoéju, kar je
vidno iz primerjave z Bleibergom.

V okolici MeZice imamo nad rudonosnim apnencem in dolomitom tri skrilave
horizonte; v njihovi bazi povsod leZi apnendev oolit, vimes pa so razli¢ni apnen-
¢i. Se preden priénem z detajlnim stratigrafskim opisom, moram omeniti, da
pri terenskem delu nisem nasel sklenjenega profila karnijskih kamenin; zato
je stratigrafska lestvica sestavljena iz ve¢ delnih profilov (sl. 2).

Rudonosni apnenec in dolomit vklju&no z apnendevim oolitom v talnini
prvega skrilavea sem raziskoval na sedmem obzorju meziskega rudnika v re-
virju Navrénik, vmesne plasti med prvim in drugim skrilavcem, lumakelno in
oolitno plast v talnini drugega skrilavca ter zadeine plasti drugega skrilavea
pa na sedmem obzorju v revirju Srednja cona. Celotni razvoj od talnine dru-
gega skrilavea do noritkega dolomita sem pregledal ob Helenskem potoku.
V prvem skrilavcu so Ze ve? let ustavljena vsa rudarska dela; rovi so zarueni
ali zaradi moénih pritiskov obzidani. Zato sem bogato fosilno favno zbral na
jaloviséih Kolerca, Ide in Na klinih.

7. obzorje (Srednja cona), nive -+ 545 m. Rov poteka v smeri severozahod-
jugovzhod in se konéuje ob plo¥¢i apnendevega oolita v talnini prvega skrilavca,.
Skladi vpadajo pod kotom 40° do 45° proti jugovzhodu (130° do 140%) in le redko
odstopajo od teh vrednosti.

Zgornji del apnenca pod prvo oolitno plos¢o pripada cordevolski podstopnji
in ga imenujemo tudi wettersteinski ali rudonosni apnenec. Natanéno mejo
med ladinsko stopnjo in cordevolsko podstopnjo je teiko dologiti, ker so mi-
krofosili v teh plasteh zelo redki in slabo ohranjeni. Debelina skladov, kon-
struirana po jamskih profilih in profilih Topla—Peca, zna%a 500 do 650 m (A.
Zorc, 1955, 32). Apnenec pod prvo colitno plo$¢o je bel, svetlo rjav in sivkast,
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ponekod je nekoliko dolomitiziran. Na videz sicer enotno kamenino mestoma
prekinjajo stromatalitno-onkolitne plasti in plasti pasovitega apnenca. Velkrat
s¢ vmes pojavi tudi tanjSa plast brefe s temnim vezivom.

Zadnja stromatolitno-onkolitna plast se pojavi pribliZno 2 m pod prvo oolitno
plo§Zo, nato sledi svetlo rjavi masivni apnenec s kalcitnimi Zilicami, ki prehaja
v plast svetlo rjavega apnentevega oolita, debelo 10 do 15 cm. Na prvi pogled
bi to oolitno plast prej prisodili spodnjim plastem kot pa érnemu apnentevemu
oolitu nad njo, saj so posamezni ooidi v njej precej vedji od enega cm in tudi
litolotko je nadaljevanje spodnjih plasti. Od spodnjega svetlo rjavega apnenca
jo loéi le tanek stilolitni 3iv, zgoraj pa je meja izrazitejsa.

S &rnim apnenevim oolitom se pri¢ne sedimentacija julijskih plasti. To po-
trjuje bogata julijska makrofavna iz prvega skrilavea, ki pripada naslednjim
rodovom in vrstam: Hypsipleura cf. cathedralis Koken, Coelostylina sp., Nucu-
lana cf. tirolensis (Wohrmann), Hoernesia sturi (Wohrmann), Mvyophoricardium
lineatum Wohrmann, Pleuronautilus gaudryi Mojsisovics, Carnites floridus
(Wulfen), Arcestes gaytani (Klipstein), Arcestes sp., Joannites cymbiformis
(Wulfen) in Megaphyilites jarbas (Miinster). Poleg zgoraj navedenih fosilov sem
nalel dva ostanka krinoidnih pecljev, ki pripadata dvema razlitnima vrstama.
V prvem skrilavcu redko najdemo tudi ostanke vretendarjev. Doslej sta iz teh
plasti znana le dva primerka, ki pripadata ribam kostnicam ali Osteichthyes.

Apnenéev oolit v talnini prvega skrilavca vsebuje mnogo pirita. Ooidi imajo
premer do 8 mm in so v bliZini apnenca navadno sivi in rjavkasto sivi, na pre-
hodu v skrilavec pa temno sivi in &rni; v zgornjem delu plasti so nekoliko
debelejsi.

Kot sem Ze omenil, je dostop do prvega skrilavca povsod zarusen ali obzidan.
Zato povzemam podatke, ki jih navaja I Struecl (1961, 255). V talnini prvega
skrilavea je 20 do 70 cm debela plast apnengevega oolita, bogatega s piritom,
v krovnini pa 60 cm debela plast temno sivega pestenjaka. Okrog devet metrov
nad apnencevim oolitom najdemo bogato fosilno leZis®e debeline 5 do 15cm.
Celotna debelina teh plasti znaa 15 do 20 m. Ob iskanju fosilne favne na jalo-
vis¢ih sem ugotovil, da so v prvem skrilaveu zelo pogostne apnendevo lapornate
pole in piritizirane konkrecije.

7. obzorje (Navrinik), nivo + 584 m. Rov poteka najprej od zahoda proti
vzhodu, v zadnji polovici pa se odkloni proti jugovzhodu. Skladi vpadajo 25° do
40° (povpreéno 35°% proti jugovzhodu.

V zatetnem delu rov preseka prvi skrilavec, vendar so ga zaradi moinih
pritiskov obzidali; zato sem njegovo debelino ocenil na 21 m le na podlagi sta-
rejiih geolokih podatkov. Tudi 60 cm debela plast temno sivega pefZenjaka
v njegovi krovnini je obzidana.

Med prvim in drugim skrilaveem je pribliZno 136 m belega in svetlo rjavega
masivnega apnenca, ki je zelo podoben rudonosnemu pod prvim skrilavcem. To
je tudi vzrok, da zanj uporabljajo ime psevdowetterstein. Med prvim in drugim
skrilaveem tu in tam prevladuje dolomit. Predvsem v spodnjem delu se pojavlja

Sl 2. Stratigrafska lestvica karnijskih plasti v okolici MeZice
Fig. 2. Columnar section of the Carnian beds in the MeZica area
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med masivnim apnencem plo$éasti apnenec. Posebno zanimiv je priblizno 2m
debel érni bituminozni plo$¢asti apnenec 35 do 40 m nad prvim skrilavcem.
Posamezne plasti so debele 2 do 27 cm, vmes pa so do 5 mm debele mo&no bitu-
minizirane pole. Tak3nih vloZkov v plasteh pod prvim skrilavcem nisem zasle-
dil. Tudi stromatolitno-onkolitne plasti so v apnencu med prvim in drugim
skrilavcem redkejse.

Proti drugemu skrilavcu postaja apnenec rjav, sivkasto rjav, siv in temno
siv. Nad njim lezi 21 em debela plast lumakelnega apnenca (v osnovi so drobni
ooidi), nato pa 40 cm debela ploita apnendevega oolita, ki je spodaj temno rjava,
na meji z drugim skrilaveem pa ¢rna. Sestavljajo jo 10 do 15 em debele plasti.
Ooidi imajo dalj¥o os vzporedno plastovitosti. Tudi v drugem apnenéevem oolitu
je precej Zelezovih spojin, vendar za spoznanje manj kot v prvem. Mikrofavna
iz teh plasti pripada vrstam Trocholina biconvexa, T. procere, Imvoluting si-
nuose pragsoides in I cf. sinuosa (A. Ramov§, 1973, 384). Sledi drugi skri-
lavec, ki je &érn z rahlim zelenim odtenkom in v tem spodnjem delu ne reagira
z razredéeno HCL

Helenski potok tele v spodnjem delu od severa proti jugu, v zgornjem pa
od jugozahoda proti severovzhodu. V grapi ob njem se neprekinjeno pojavljajo
plasti od talnine drugega skrilavea do noriskega dolomita. Skladi vpadajo proti
jugozahodu pod kotom 30° do 50°. Ker je naklon doline manjii od vpadnega
kota plasti, se najstarejsi sedimenti pojavljajo na vrhu doline, najmlajsi pa na
samem zaCetku ob izlivu Helenskega potoka v MeZo. Ceprav sta drugi in tretji
skrilavec odkrita le na Sestih ve&jih golicah, sem po enotnem vpadu in smeri
vseh skladov s pomot&jo pravila V skonstruiral meje med posameznimi enotami
in jih v kontinuiranem zaporedju uvrstil v stratigrafsko lestvico.

Drugi skrilavec se pojavlja v dveh golicah na vzhodnem (sl. 3) in zahodnem
(sl. 4) pubodju zgornjega dela soteske. V njegovi talnini leze spodaj plasti rja-
vega in temno rjavega apnenca, debele 5 do 100 cm, Skupna debelina apnenca
znaSa 2 m. Vsebuje redke ostanke krinoidnih plogéic. Na njem lezi 40 cm debela
blast temno sivega apnendevega oolita, ki je na povr§ju rjava zaradi prepere-
vanja. Vsebuje $koljke, polie in druge fosile, Lumakelna plast v tem profilu
povsem manjka.

Vise sledi drugi skrilavec, debel priblizno 14 m. Le-ta zaradi vedje koliine
karbonatne komponente v posameznih delih burno reagira z razredteno HCL
Drugi skrilavec se 1oéi od prvega in tretjega po dveh plasteh temno sivega ap-
nenca s kalcitnimi Zilicami, ki leze 50 do 80 cm pod njegovo kravnino. Zgornja
je debela 40 do 60 cm, spodnja pa 54 do 60 cm. Vmes je 7 do 10 cm debela pola
sivega do zelenkasto sivega laporja.

V drugem skrilaveu najdemo 2 m pod njegovo zgornjo mejo tudi plast z le-
tami temno sivega gostega apnenca, velikimi do 30 X 10 cm. V golici na vzhod-
nem poboéju lezi 3 m pod krovnino fosilonosna plast s 8koljkami vrste Hoernesia
sturi (Wohrmann}, debela 7 do 10 cm. Lupine so dobro ohranjene, vendar moéno
poapnele, zato rade odpadajo od jedra. Njihov poloZaj v plasti kaZe dolodene
zakonitosti. Praviloma so vse lupine z vedjo ploskvijo vzporedne plastovitosti
in so torej v prvotnem Zivljenjskem poloZzaju. En meter pod to plastjo sledi
druga fosilonosna plast. Skoljke v njej so vedje in bolje ohranjene, vendar
redkejSe kot zgoraj. Vrsti Hoernesia sturi se pridruZijo manjSe ovalne %koljke,
ki pa jih nisem mogel doloéiti zaradi slabe ohranjenosti.
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Sl. 3. Profil A—B skozi drugi
skrilavec (glej sl. 1)

— > 730

Fig. 3. Cross section through
the second shale (see fig. 1) A B

Sl. 4. Zahodno pobotje soteske Helenskega potoka z drugim skrilavecem

Fig. 4. The western steep side of the Helena brook with the second shale
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SL. 5. Plostasti apnenec z laporastimi vloZki in sledovi lazenja anelidov
Fig. 5. Plate-like limestone intercalated by marl showing annelid trails
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" - "
Sl 6. Meja med plostastim apnencem in dolomitom na vzhodni strani Helenskega
potoka nedale¢ od jalovisca

Fig. 6. The plate-like limestone/dolomite boundary on the eastern side of the Helena
brook not far away from a dump



Biostratigrafija karnijske stopnje v okolici MeZice 181

Sl. 7. Kos apnentevega oolita iz talnine tretjega skrilavca

Fig 7. Specimen of limestone oolite taken from the footwall
of the third shale

Sl. 8. Krinoidne plostice v zgornji plasti apnentevega oolita v tal-
nini tretjega skrilavca
Fig. 8. Crinoid calcareous plates from the top layer of limestone
oolite underlying the third shale
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V profilu na zahodnem pobo&ju nisem na3el fosilov, kajti tam je skrilavec
s fosili vred motneje preperel v skrilavo humusno meSanico.

Plasti med drugim in tretjim skrilavecem tvori temno sivi, sivi, rjavi in rjav-
kasto sivi ploS¢asti apnenec s kalcitnimi Zilicami. Vsebuje vlozke sivkasto
zelenega in &¢rnega laporja. Pet do deset metrov nad drugim skrilavecem je
v laporastih vlozkih vse polno sledov lazenja anelidov, razporejenih samo vzpo-
redno plastovitosti (sl. 5).

Po 35 do 45 m meji ploj¢asti apnenec ostro na sivi in svetlo rjavi drobno-
zrnati bituminozni dolomit, ki je masiven in zelo krusljiv. Debelina dolomita na
vzhodnem pobo#ju soteske znasa 30 do 35 m (sl. 6). Enak dolomit zasledimo tudi
v spodnjem delu soteske na zahodnem pobo&ju, kjer prav tako tvori zgornji del
vmesnih plasti med drugim in tretjim skrilavcem.

Nad dolomitom sledi 3m rjavkasto sivega apnenca s kalcitnimi Zilicami,
nato pa 50 cm debela plast s §tevilnimi 3koljkami vrste Cornucardia hornigii
(Bittner). Skoljke so razporejene po vsej plasti enakomerno. Ohranjena je pona-
vadi le polovica, ki lezi s konveksno ploskvijo vzporedno plastovitosti, sicer pa
so primerki neobruSeni in celi, kar izkljutuje moZnost daljSega transporta.
Kamenina je sivi apnenec z vmesnimi rde¢kasto rjavimi lisami Zelezovih spojin
in hitro prepereva.

ViSe sledi 6 do 7m apnentevega oolita. Spodnja plast, debela 65 cm, je temno
siva, hitro prepereva in vsebuje precej glinaste komponente. Zgornje plasti so
debele 5 do 30 cm in so med seboj ostro lofene. Ponekod so vmes tudi tanjsi
vlozki laporja. V glavnem prevladujejo veliki ooidi (sl. 7), proti vrhu pa se
pojavijo plasti z drobnimi ooidi, ki pa so v manjSini. Mejno plast s tretjim
skrilavcem tvori apnenéev oolit, debel nekaj cm; lahko bi ga imenovali celo
trohitni apnenee, saj vsebuje vse polno apnenih ¢lenkov morskih lilij, ki pripa-
dajo najmanj dvema rodovoma (sl. 8). Veliki ooidi so v tej plasti redki, mnogo
pa je 3koljk, polZev, brahiopodov in drugih fosilov. Fosilni material pripada
vrstam Gervillia (Cultriopsis) angusta Munster, Myophoria inaequicostata Klip-
stein in Lopha sp. Stevilne so tudi foraminifere Trocholina biconvexa, T. procera
in Involutine sinuosa pragsoides (A. Ramov3§, 1973, 384). Le-te se pojavljajo
tudi v drugem skrilavecu in spremljajotem apnenevem oolitu.

Nad apnentevim oolitom sledi tretji skrilavec. Za razliko od drugega skri-
lavea, ki se pogosto iverasto kroji, se tretji kolje v zelo tanke listide. Tudi ta
vsebuje precej karbonatne komponente. Debel je 14 do 18 m in vife ostro meji
na rjavi apnenec, ki je Ze verjetno tuvalske starosti (sl. 9).

Podobne so razmere tudi v spodnjem delu soteske, kjer se tretji skrilavec
s krovninskimi in talninskimi plastmi po pravilu V ujame v njeno dno in po-
boéja ter tako preide na zahodno stran soteske. Nekoliko ved pozornosti v pa-
leontoloSkem pomenu je vredna le finolistasta meter debela plast priblizno
3tiri metre pod zgornjo mejo tretjega skrilavca, ker vsebuje $tevilne zelo
drobne odlomke lupin mehkuZcev.

Nad tretjim skrilavcem leZi sivi in svetlo rjavi plastoviti in plo3tasti apne-
nec (sl. 10). Lapornih vloZzkov je v tem delu karnijskih plasti manj kot v plasteh
med prvim in drugim skrilavcem. Po pribliZno 40 do 60 m meji apnenec nad
tretjim skrilavcem na sivi in rjavkasti bituminozni dolomit norifke stopnje.
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Sl. 9. Profil C—D skozi tretji skrilavec
Fig. 9. Cross section through the third shale

Sl. 10. PloSéasti in plastoviti apnenec nad tretjim skrilavcem
Fig. 10. Plate-like and bedded limestone overlying in the third shale
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Paleontoloski del
Classis GASTROPODA Cuvier 1797

Ordo Caenogastropoda Cox 1959
Familia Zygopleuridae Wenz 1938
Genus Hypsipleura Koken 1892

Hypsipleura cf. cathedralis Koken 1892
Sl 11

cf. 1961 Hypsipleura cathedralis Koken, Wenz, str. 387, sl. 927.

Material: Bo¢no stisnjen primerek v kamenini. Ob ustju in na apikal-
nem delu je odlomljen.

Opis: Vitek polz z rahlo nagnjenimi $ivi. Znaéilna so $tevilna radialna
rebra. Ob zgornjem Sivu zavojev so rebra moé¢nej$a kot na drugih delih. Na
enem zavoju je okoli 10 do 12 reber, ki na najmlajsih zavojih postanejo zelo
Sibka. Sklepam, da je bilo ustje sifonostomno, vendar na primerku ni ohranjeno.

Primerjava: Primerek se delno ujema z Ze opisano vrsto H. cathedralis,
vendar zaradi poskodovanosti ni mogoée natanéno dolo¢iti vrste.

Dimenzije: apikalni kot 14°, visina hiSice 13,5 mm, $irina zadnjega za-
voja 4,5 mm.

Sl. 11 — Fig. 11
Hypsipleura cf. cathedralis Koken
Prvi skrilavec v meziskem rud-

niku
The first shale (éf;hc Mezica mine
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Stratigrafska razSirjenost: H. cathedralis, ki je opisanemu pri-
merku najbolj podobna, se pojavlja v rabeljskem skrilavcu, sam rod pa je po-
gosten tudi v srednjetriadnih plasteh. Primerek sem nasel v prvem julijskem
skrilaveu meziskega rudnika.

Familia Coelostylinidae
Genus Coelostylina Kittl 1894

Coelostylina sp.
Sl. 12 in 13

Material: 38 bolj ali manj dobro ohranjenih hisic. Vse imajo poskodo-
vana ustja.

Opis: Popretna visina konvolutne hiice zna$a pri odraslih osebkih 8 mm
in nikdar ne preseze 10 mm. HiSica je koni¢na s konveksnimi zavoji, potekajo-
timi v levo. Zadnji zavoj je v primerjavi z drugimi zelo §irok. Ovalno ustje je
holostomno. Popek je majhen in delno zalizan s kalusom, vendar s strani $e
dobro viden. Na kolumeli ni opaziti posebnih grbin. Vklju¢no z embrionalnimi
zavoji sestoji hiSica iz Sestih zavojev. Na zgornjem delu zavojev poteka tik ob
Sivu rahel grebencek, ki postane izrazitej$i na najmlajSem zavoju ob ustju.
Dva SibkejSa grebena, ki sta tesno skupaj, obdajata zunanjo stran popka in
prehajata v zunanjo ustno. Prirastnice so opazne le na najmlaj$em zavoju, kjer
SO sorazmerno mocne.

Vrste zaradi poSkodovanosti ustja pri vseh hiSicah nisem mogel z goto-
vostjo dolociti. Morfolosko se najdeni primerki najbolj priblizujejo vrsti C. ro-
tundata, visoki 2 cm, manj pa vrsti C. trochiformis, ki po velikosti sicer ustreza,
ima pa nekoliko $ibkejsi najmlajsi zavoj.

Dimenzije: apikalni kot 59° vi$ina hiSice pri sedmih primerkih: 6,7 mm,
6,8 mm, 8,3 mm, 8,5 mm, 7,5 mm, 7,2 mm, 6,8 mm.
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Sl 12 — Fig. 12
Coelostylina sp.

Prvi skrilavec v meziskem rudniku

The first shale of the MeZica mine
X

2 — Geologija 21/11
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Stratigrafska razSirjenost: Koken (1897, 7) uvrita C. trochi-
formis v karnijsko stopnjo. NaSel jo je v skrilavecu Feuerkogela. Nekatere vrste
pa so bile razsirjene tudi v drugih triadnih dobah. V prvem julijskem skrilavcu
je rod Coelostylina med vsemi drugimi fosili najstevilnejsi.

Y LTY.

Sl. 13 — Fig. 13
Coelostylina sp.

Prvi skrilavec v meziskem rudniku

The first shale of the Mezica mine
3 X

Classis BIVALVIA Linne 1758
Subclassis PALAEOTAXODONTA Korobkov 1954

Ordo Nuculoida Dall 1889
Familia Nuculanidae Adams & Adams 1858
Genus Nuculana Link 1807

Nuculana cf. tirolensis (W6hrmann)
Sl. 14, 15; tabela 1

cf. 1895 Leda tirolensis Wohrmann, Bittner, str. 152, tab. 18, sl. 21—23.

Material: Sest v celoti ohranjenih zaprtih lupin, ena leva lupina z na-
ravno preparirano notranjo stranjo in s sklepom ter en odprti primerek z obema
lupinama in vidno notranjostjo.

Opis: Lupine so majhne; najveéje ne presegajo 1cm dolzine. So ovalne
in bolj dolge kot visoke, vrh je pomaknjen naprej. Sklep je taksodonten, v sredini
prelomljen. Sklepna ploskev se v sredini izklini, proti sprednjemu in zadnjemu
delu dorzalne strani se razSiri. V sprednjem delu sklepa je 7 do 9 zobcev,
v zadnjem pa 13 do 15. Odtis zunanjega ligamenta je dolg in sega skoraj do
konca obeh lupin. Sprednji rob je enakomerno ukrivljen, zadnji pa nekoliko

Sl. 14 — Fig. 14
Nuculana cf. tirolensis (Wohrmann)

Notranjost leve lupine s sklepom

Left interior with the hinge line and beak
6 X
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ostreje. Na povrsju lupine so zelo goste in fine koncentri¢ne prirastnice, druge
skulpturiranosti na povrsju ni.

Primerjava: Primerki iz meziskega rudnika morfolodko najbolj ustre-
zajo vrsti Leda tirolensis, ki jo je Bittner opisal iz severnih Tirolov (St. Cas-
sian). Zaradi pomanjkljivo ohranjene notranje strani in poskodovanosti sklepov
sem vrsto oznatil kot Nuculana cf. tirolensis.

Stratigrafska raz§irjenost: Bittner je opisal vrsto Leda
tirolensis iz carditskega skrilavca severne Tirolske (Issberg bei Hall), ki spada
v julijsko podstopnjo. Enako stari so tudi meZiski primerki, vendar se naha-
jajo le v prvem skrilavcu, v drugem in tretjem pa jih ni ve.

Sl. 15 — Fig. 15
Nuculana cf. tirolensis (Wohrmann)
Prvi skrilavec v meziskem rudniku

The first shale of the MeZica mine
4 X

Tabela 1. Mere (v mm) primerkov vrste Nucu-
lana cf. tirolensis (Wéhrmann)
Table 1 Measurements (in mm) for six speci-
mens of Nuculana cf. tirolensis (Wohrmann)
from Mezica

dendpey 1 2 3 4 5 6
Specimen

vigina

height 5.4 5.3 4.7 4.5 4,0 43
dolzina 7.5 6.8 6,0 6,0 5.3 5,8
length

de.belino 4.0 3.2 3.7 3.4 2.7 3.1
thickness

Subclassis PTERINOMORPHIA Beurlen 1944

Ordo Pterioida Newell 1965
Familia Bakevellidae King 1850
Genus Gervillia (Cultriopsis) Cossmann 1904

Gervillia (Cultriopsis) angusta Miinster 1836
Sl. 16
1895 Gervilleia angusta Goldfuss, Bittner, str. 85, tab. 9, sl 7—10. 12, 16, 18.

1901 Gervilleia angusta Goldfuss, Bittner, str. 32, tab. 4, sl. 18.
1969 Gervillia (Cultriopsis) angusta Miinster, Moore, str. N 308, sl. C 41/3.
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Sl. 16 — Fig. 16

Gervillia (Cultriopsis) angusta Munster
Apnentev oolit v talnini tretjega skrilaveca ob Helenskem potoku

Limestone oolite underlying the third shale along the Helena brook
1.7 X

Material: En fragment desne lupine in dva fragmenta levih lupin; poleg
fragmenta leve lupine je viden tudi odtis drugih delov lupine.

Opis: Lupina je zelo ozka in podolgovata. Ventralni rob je skoraj raven,
na sprednjem delu se rahlo uslo¢i navzgor. Vrh je neizrazit in malo dvignjen
nad sprednji del sklepnega robu. Sklep je disodonten z redkimi vboklinicami,
ki potekajo poSevno na zunanji sklepni rob, sklepna ploskev se od vrha proti
zadnjemu delu enakomerno ozi. Na dorzalni strani lupine je uSesce, ki se kon¢a
na robu sklepne ploskve. Od vrha proti zadnjemu delu lupine poteka blize
ventralnemu rcobu precej izrazit greben.

Primerjava: Ker so vsi primerki poskodovani, ne navajam dimenzij,
vendar sem lahko na podlagi posameznih fragmentov treh razli¢nih primerkov
zanesljivo dolo¢il vrsto Gervillia (Cultriopsis) angusta. Morfolo$ko se fragmenti
lupin iz Helenskega potoka ujemajo z obema Bittnerjevima opisoma.

Stratigrafska razSirjenost: Bittner je dolo¢il vrsto G. an-
gusta iz julijskih plasti St. Cassiana in Madzarske, kjer navaja, da nastopa
v laporju skupaj z vrsto Cornucardia hornigii (Bittner). V Helenskem potoku
sem naSel vrsto G. angusta na meji apnenéevega oolita, tik pod tretjim skri-
lavecem, to je 6 do 7 m nad plastjo z vrsto C. hornigii.

Opomba: Na notranji strani ve¢jega fragmenta leve lupine so se pritrdile
stiri majhne sesilne Skoljke in se delno izvihale prek njenih odlomljenih robov.
To dokazuje, da so bili nasi primerki Ze na tedanjem morskem dnu fragmenti
in se niso poSkodovali kasneje pri fosilizaciji. Sesilnih §koljk zaradi pomanj-
kanja literature nisem mogel doloéiti.
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Genus Hoernesia Laube 1866

Hoernesia sturi (W6hrman) 1889
Sl. 17, tabela 2

1895 Hoernesia sturi Wohrmann, Bittner, str. 84, tab. 10, sl. 1—4.

Material: V celoti ohranjen in izluZen primerek iz prvega skrilavca in
tri slabSe ohranjena kamena jedra z bolj ali manj poskodovano lupino iz dru-
gega skrilavca.

Opis: Obe lupini se med seboj mo¢no razlikujeta. Leva je precej izboéena
z izrazitim naprej pomaknjenim vrhom, desna lupina pa rahlo vbofena na
zadnjem, nekoliko moé¢neje na sprednjem delu, kjer se prilagodi sprednjemu
uSescu leve lupine. Sklep je disodonten, njegov rob pa raven z izrazitima
uSescema. Sprednje uSesce lo¢i od vrha leve lupine zaobljena brazda, ki poteka
izpred vrha proti sprednji ventralni strani lupine. Zadnje uSesce je manjSe,
plosko in se zgoraj konéuje ob sklepnem robu, medtem ko se sprednje, podobno
kot sam vrh, nadaljuje nad sklepni rob in 3ele nato upogne nazaj k njemu.
Ventralni rob je polkrozen, zadnji pa skoraj raven in se pod zadnjim uSescem
le malo upogne proti sprednjemu delu. Na povr§ju leve lupine so, razen na
uSescih, opazna rebra, ki se skladno z zunanjo obliko razhajajo od vrha proti

Sl 17 — Fig. 17
Hoernesia sturi (Wohrmann)
Leva lupina iz prvega skrilavca v meziskem rud-
niku
The left valve taken from the first shale of the

Mezica mine
4 X

Tabela 2. Mere (v mm) primerkov vrste Hoernesia sturi
(Wéhrmann)

Table 2. Measurements (in mm) for three specimens of
Hoernesia sturi (Wohrmann) from Mezica

primerek iz primerka iz

1, skrilavca 2, skrilavea
f:elﬁnlznl;&im 12,2 23,4 12
Zdi'.?“hL‘.‘ZL?e 1.4 20,0 10,4
:‘:::ch ::fsce 4.4 9.0 3.8
zadnje uiesce 6.4 .5 is

posterior ear
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ventralnemu in zadnjemu robu. Rebra so med seboj enaka, tu in tam pa se
vmes pojavi posamezno tanjfe rebrce. Pre¢no na rebra potekajo prirastnice,
ki so najbolj izrazite na sprednjem usSescu. Desna lupina ni skulpturirana, slabo
vidne so tudi prirastnice. Ima dva §ibkej$a zaobljena grebena, ki se $irita od
sklepnega roba pod vrhom proti ventralni strani lupine.

Primerjava: Vsi meziski primerki se ujemajo z Bittnerjevim
opisom vrste H. sturi iz Bleiberga (dolzina bleiberskega primerka je 7,8 mm).

Stratigrafska razS§irjenost: Bittner je opisal vrsto H. sturi
iz carditskega skrilavca v Bleibergu, ki je julijske starosti. Enako stari so tudi
primerki iz Mezice; zanje lahko z gotovostjo trdim, da se pojavljajo le v prvem
in drugem skrilavcu, v tretjem pa jih ni veé.

Familia Ostreidae Rafinesque 1815

Lopha sp.
Sl. 18
Material: Mo¢no deformirana fragmentarno ohranjena lupina odraslega
osebka.
Opis: Lupina je podolgovata z vet kot devetimi visokimi, vijugastimi in
ostrimi rebri. Na spodnjem delu se eno od reber dihotomno cepi; podobno ce-

Sl 18 — Fig. 18
Lopha sp.

Apnenéev oolit v talnini tretjega
skrilavca ob Helenskem potoku

Limestone oolite underlying the
third shale along the Helena brook
3 X




Biostratigrafija karnijske stopnje v okolici MezZice

191

pitev je opaziti tudi ob vrhu, kjer se rebra zgostijo in stanjSajo. Ob vrhu je
lupina mo¢neje izbo¢ena, zadnji rob je verjetno raven ali le malo upognjen.

Stratigrafski polozZzaj: Primerek je iz zgornjega dela apnencevega
oolita tik pod tretjim skrilavcem. Nastopa skupaj s Stevilnimi krinoidi in vr-
stama Gervillia angusta ter Myophoria inaequicostata, ki dokazujeta julijsko
starost plasti.

Subclassis PALAEOHETERODONTA Newell 1965

Ordo Trigonioida Dall 1889
Familia Myophoridae Bronn 1849
Genus Myophoria Bronn & Alberti 1834

Myophoria inaequicostata Klipstein
Sl. 19

1895 Myophoria inaequicostata Klipstein, Bittner, str. 94, tab. 11, sl. 1—14.

Material: V celoti ohranjen vrh desne lupine z zgornjim robom. Zadnji
rob je odlomljen, sprednji in ventralni sta v kamenini.

Opis: Vrh je oster, zavit navzdol in pomaknjen pred srediS¢no Ccrto.
Zgornji zadnji rob, ki poteka nekoliko pod vrhom, je skoraj horizontalen in

Sl. 19 — Fig. 19
Muyophoria inaequicostata Klipstein

Fragment desne lupine iz apnentevega
oolita v talnini tretjega skrilavca ob He-
lenskem potoku
Fragment of a broken right valve taken
from the limestone oolite underlying the
third shale along the Helena brook
5 X
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nosi razloéno brazdo zunanjega ligamenta. Od vrha proti ventralnemu delu se
Sirijo razliétno motna radialna rebra. Zadnje rebro je nizko in $iroko, pred-
zadnje, ki lezi vise, je od vseh najmo¢nej§e. Med njima je tudi najvedji pre-
sledek. Sorazmerno izrazita so tudi naslednja $tiri rebra. Sledi jih $e $tirinajst,
ki pa so ¢edalje Sibkejsa, manjsajo se tudi njihove medsebojne razdalje. Moéne
prirastnice, ki potekajo koncentri¢no, se prilagajajo skulpturiranosti lupine,
med zadnjim rebrom in ligamentno brazdo pa se ostro obrnejo proti vrhu.

Stratigrafska raz§irjenost: Bittner je naSel vrsto M. inae-
quicostata v karnijskih plasteh v okolici Rablja in St. Cassiana ter v carditskem
skrilaveu Berg-Angerla. V Helenskem potoku pri MeZici se ta vrsta pojavlja
v apnencevem oolitu tik pod tretjim julijskim skrilavcem skupaj z vrsto
Gervillia angusta.

Subclassis HETERODONTA Neumayr 1884

Ordo Veneroida Adams & Adams 1856
Familia Dicerocardiidae Kutassy 1934
Genus Cornucardia Koken 1913

Cornucardia hornigii (Bittner) 1901
Sl. 20, tabela 3

1901 Craspedodon n. gen. hornigii n. sp., Bittner, str. 8, tab. 1, sl. 1—9.
1969 Cornucardia hornigii Bittner, Moore, str. N 660, sl. E 136/4.

Material: Kamena jedra $tirih levih in dveh desnih lupin ter odli¢no
ohranjeno jedro cele $koljke.

Opis: Kamena jedra so srednje velika, ovalna in nekoliko bolj visoka
kot dolga. Zobna ploskev (heterodontna) ni na nobenem primerku ohranjena,
vendar se da sklepati, da je bila precej masivna in z moénimi zobci. Vrh ka-
menega jedra je dvignjen nad osnovo in zavit v zatetnem delu naprej, v zad-
njem pa nazaj in nekoliko vstran od simetrijske ravnine. Zavojna os tvori kot
45 do 50° s simetrijsko ravnino in 10° do 20° s horizontalno ravnino. V preseku
je kameno jedro srtasto, vrhova sta razmaknjena. Ob zadnjem robu poteka
plitva brazda, ki se pri¢ne na notranji strani vrha in konéa na zadnjem delu
ventralnega roba. Presek jedra skozi simetrijsko ravnino se mo&no priblizuje
krogu, ki predstavlja stikalis¢e obeh lupin.

Sl. 20 — Fig. 20
Cornucardia hornigii (Bittner)

Kameno jedro iz plasti (50 cm) pod tretjim apnentevim
oolitom. Profil C—D ob Helenskem potoku.
Naravna velikost
Cast taken from the layer (50 cm) underlying the third li-
mestone oolite. Cross section along the Helena brook.
Natural size
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Stratigrafska raz3irjenost: Vrsto C. hornigii so nali doslej
v zgornjetriadnih plasteh Severnih in JuZnih apneni$kih Alp ter na MadZar-
skem. Primerki, ki jih je opisal Bittner, so iz Bakonjskega gozda. V Helen-
skem potoku nastopa ta vrsta v 50 cm debeli plasti sivega apnenca tik pod
apnendevim oolitom tretjega skrilavca (v plasti ni druge julijske makrofavne).

Tabela 3. Mere (v mm) primerkov vrste Cornucardia hornigii (Bit-
tner) ter primerjava s primerki po Bittnerju in Mooru

Table 3. Measurements (in mm) of Cornucardia hornigii (Bittner)
from Helenski potok at MeZica and specimens identified by Bittner
(1901) and Moore (1969}

Helenski p. Bittner (1901) Moore (1969)
kameno jedro lev, lupina des, lupina des, lupinc
cast left valve right valve right volve
vidina
height 29,2 63 &5 31.5
dolzina -
length 27,9 57 28
debelina
thickness 30 7 -

Familia Myophoricardiidae Chaven & Vokes 1967
Genus Myophoricardium Woéhrmann 1889

Myophoricardium lineatum Wohrmann 1889

Sl 21, tabela 4
1889 Myophoricardium lineatum n. sp, Woéhrmann, str. 227, tab. 10,
sl. 10—14,
1895 Myophoricardium linegturn Wohrmann, Bittner, str. 117, tab. 13,
sl. 18—22.
1966 Myophoricardium lineatum Wohrmann, Allasinaz, str. 707, tab. 55,
sl. 4—11.

Material: V celoti ohranjen primerek z nekoliko premaknjenima lupi-
nama ob simetrijski ravnini in kameno jedro desne lupine v prikamenini.

Opis: Lupina je visoka, trapezoidna do triangularna in moéno konveksna.
Vrh je oster in mo&no zavit ter premaknjen pred sredigéno &rto. Lunula je po-
dolgovata, sréasta in ostro omejena od soseiCine. Od vrha proti zadnjemu
ventralnemu delu se razteza skoraj raven oster greben. Zadnji rob poteka pod
vetjim kotom kot greben in postane v zgornjem delu, ko zavije proti vrhu,
skoraj horizontalen. Tudi spodnji rob je v zgornjem delu poSeven in raven,
v prehodnem delu z ventralnim pa se oba robova polkrozno stikata. Ventralni
rob je rahlo konveksen vse do meje z grebenom, kjer se mu pod ostrim kotom
prikljudi zadnji rob. Po lupini potekajo koncentritne prirastnice.
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Stratigrafska razsirjenost: Nekateri menijo, da se pojavlja
M. lineatum od cordevolske do julijske podstopnje. A. Allasinaz (1966,
780) jo je uvrstil v julijsko podstopnjo. Bittner jo je omenil iz julijskega
skrilavea v Bleibergu ter iz nekaterih severnoalpskih krajev. V prvem julijskem
skrilaveu v meziSkem rudniku nastopajo fosilni ostanki vrste M. lineatum pra-
viloma skupaj v veé¢jem Stevilu.

Sl. 21 — Fig. 21
Muyophoricardium lineatum Woéhrmann

Dorzalna stran. Dobro ohranjen primerek z
nekoliko premaknjenima lupinama
Prvi skrilavec v meziskem rudniku

Dorsal view. Well preserved specimen sho-

wing slightly shifted valves taken from the

first shale of the MeZica mine
35 X

Tabela 4. Mere (v mm) primerkov vrste Myophoricardium
lineatum Wohrmann in primerjava z Bittnerjevimi podatki

Table 4. Comparative measurements (in mm) of Myopho-
ricardium lineatum Woéhrmann from Mezica and Bleiberg
(Bittner, 1895)

Mezica
5 cel, primerek q
fizsh't oo s“;“jr':e'j (en?r:fe;gs%)
dolZing 9.6 137.3 18,5
length
;:llgn:t 8.2 12,8 16
i - 6.8 10

Classis CEPHALOPODA Leach 1817

Superordo Nautiloidea Agassiz 1847
Ordo Nautilida Agassiz 1847

Familia Tainoceratidae Hyatt 1883
Genus Pleuronoutilus Mojsisovics 1884
Pleuronautilus gaudryi Mojsisovics
Sl. 22, tabela 5

1901 Pleuronautilus gaudryi Mojsisovics. Mojsisovics, str. 242, tab. 9, sl. 5.
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Material: Kameno jedro, z delno ohranjeno lupino; starejsi zavoji so
boéno stisnjeni, zelo dobro pa je ohranjen najmlajsi zavoj, ki ima vse potrebne
elemente za natan¢no doloéitev.

Opis: HiSica je rahlo konvolutna s Siroko ventralno ploskvijo ki se ena-
komerno ozi od mlaj$ih kamric proti starej§im. Oblika ustja je pravokotna in
se ze nekoliko priblizuje kvadratni, marginalni in umbilikalni del pa sta ena-
komerno zaokrozena. Umbilikalni del je tako poSkodovan, da se ne d4 ugotoviti
perforacije. Skulpturiranost lupine je zelo izrazita za navtilide. Od dorzalne
proti ventralni strani zavojev potekajo rebra, ki se na obeh straneh konéujejo
z vozli. Dorzalni vozel je SibkejSi in je na zgornji meji umbilikalnega polja,

Sl. 22 — Fig. 22
Pleuronautilus gaudryi Mojsisovics

a) ventralna stran, b) pogled s strani
Prvi julijski skrilavec v meziskem rudniku
Naravna velikost
a) ventral view, b) lateral view
The first shale of the Mezica mine
Natural size
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Tabela 5. Mere (v mm) primerka vrste Pleuronautilus
gaudryi Mojsisavics in primerjava z Mojsisovicsevimi
podatki
Table 5. Comparative measurements {(in mm) of Pleuro-

nautilus gaudryi Mojsisovics from MeZica and Réthel-
stein (Mojsisovies, 1901)

Mezica (Mo?s?:gj:izinl 901)
f}::T;eLi:::iect:r 77 1%
e
LI .
bt oy wicth ) 3945
popkova perforacija - 1

umbilical perforation

ventralni pa motnejgi in izrazito izsiopa na meji med marginalnim in ventral-
nim delom. Zgornji vozel se ne dviga nad ventralni del, temved je nekaj mili-
metrov pod njim. Rebra potekajo v konkavni liniji proti zgornjemu vozlu, ga
za nekaj milimetrov preidejo, zavijejo nazaj in se zgubijo v ventralni ploskvi
zavoja. Cim bolj se oddaljujejo od ustja, tem izrazitejsi so podalj$ki reber prek
zgornjega vozla, dokler se konéno levo in desno v rahlem, nazaj upognjenem
loku ne zdruZita. Na povriju lupine so opazne izredno $ibke podolZne in prefne
linije, ki tvorijo nekak3$no mreZo. PodolZne so SibkejSe, komaj opazne in nimajo
odlotilne vloge pri dolodevanju navtilidov. Pomembnej$e so pretne; med njimi
se na vsakih 6,5mm (merjeno na ventralni strani najmlajiega zavoja), pojav-
ljajo mo¢nejde brazde, Siroke do 0,8 mm.

Primerjava in dimenzije v mm: Mojsisovics je opisal pri-
merek iz Réthelsteina in navedel tudi dimenzije. Po vseh strukturnih elementih
se opisani navtilid povsem ujema z Mojsisovicsevim., Nekoliko odsto~
pajo le razmerja posameznih dimenzij, kar pa je zaradi mofne deformacije me-
ziSkega primerka povsem razumljivo., Zanesljive so le dimenzije najmlajsega
zavoja.

Stratigrafska razSirjenost: Mojsisovics je omenil vrsto
P. gaudryi iz skrilavca julijske podstopnje skupaj z amonitom Trachyceras
qustriacum v spodnjem delu cone T. anonoides, MeZiski primerek je iz prvega
skrilaveca julijske podstopnje in dokazuje njene najstareje plasti.
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Superordo Ammonoidea Zittel 1884
Subordo Ceratitina Hyatt 1884

Familia Carnitidae Arthaber 1911
Genus Carnites Mojsisovics 1879

Carnites floridus (Wulfen) 1793
Sl1. 23, 24, 25; tabela 6

1873 Pinakoceras floridum Wulfen sp., Mojsisovics, str. 58, tab. 22, sl
15—186, tab. 25.

1882 Carnites floridus Wulfen, Mojsisovics, str. 228, tab. 50, sl. 5—8,
tab. 51, sl. 1—8.

1957 Carnites floridus Wulfen, Moore, str. L 157, sl 188/5.

Material: Deset odraslih in est juvenilnih primerkov ter ve¢ odlomkov.
Vsi so sorazmerno dobro ohranjeni, juvenilni primerki pa najvefkrat mo¢no
piritizirani, Lupina je ohranjena le pri redkih, obiajno je odstranjena od ka-
menega jedra, zato je lobna linija skoraj pri vseh zelo razloéna.

Opis: Oblika hidice se je v razlitnih starostih amonita mo¢no spreminjala.
V juvenilnem stadiju, ko hisica Se ni presegla premera okoli 10 mm, je eksterna
stran zadnjega zavoja Siroko zaobljena, po sredini pa poteka Zibek ‘greben, ki
ga spremljata na vsaki strani po ena plitva brazda. Lobna linija je v tem
stadiju enostavna z nazobéanimi lobusi, sedla pa so gladka. Navadno se vidijo
stirje lobusi. Higica juvenilnih primerkov je konvolutna. Ko se amonit stara,
torej presefe premer priblizno 10 mm, postaja hiSica vse bolj involutna, greben
z dvema brazdama pa je modneje razvit. Skulpturiranost lupine, ki je pri ju-
venilnih primerkih $e precej izrazita v obliki radialnih reber, se pri¢ne redu-
cirati, dokler ne ostanejo od nje le maloStevilna kratka in skoraj neopazna
srpasta rebrca. Pri odraslih osebkih postane hisica diskasta. Nekateri manjii
primerki imajo mo&no poviSan zadnji zavoj, kot smo ga vajeni pri navtilidih.
S staranjem se bolj razileni tudi lobna linija. Tanke in goste prirastnice so
opazne le pri primerkih z ohranjeno lupino. Od ventralnega roba do sredine
zavoja so uslodene v rahlem loku nazaj, pred umbilikalnim delom pa se v ne-
koliko &ibkejsem loku zopet obrnejo proti starejiemu delu hisice.

Stratigrafska raz§irjenost: Vrsta C. floridus je znana doslej
iz &tevilnih severnoalpskih nahajalis¢ in Karavank. Najbolj znano nahajaliste
je prav gotovo Bleiberg na Korofkem, kjer se nahajajo amoniti v julijskem
skrilavcu, vendar sem mnenja, da meZifka nahajaliS¢a po pestrosti oblik in
stevilu primerkov ne zaostajajo za njim. V MeZici nastopa C. floridus samo
v prvem julijskem skrilavcu v 5 do 15 cm debeli plasti pribliZno 9 m nad apnen-
devim oolitom. Mojsisovics je omenil to vrsto tudi iz belega in rdegega
hallstattskega apnenca. C. floridus spada v cono Trachyceras eonoides in je
v prvem skrilaveu najpogostejsi amonit.
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Sl. 23 — Fig. 23

Carnites floridus (Wulfen)

Kameno jedro z razlo¢no vidno lobno linijo
a) pogled proti ustju, b) pogled s strani
Prvi skrilavec v meziskem rudniku
Naravna velikost

Cast showing distinct lobe line
a) apertural view, b) lateral view
Taken from the first shale of the MeZica mine
Natural size



Sl. 24 — Fig. 24
Carnites floridus (Wulfen)

Kameno jedro juvenilnega primerka z moéno podaljsanim
zadnjim zavojem
Prvi skrilavec v meziskem rudniku

Cast of a juvenile specimen with the elongated last whorl

Taken from the first shale of Mezica mine
2 X

Tabela 6. Mere (v mm) primerkov vrste Carnites floridus (Wulfen) in primerjava

z Mojsisovicsevimi podatki

Table 6. Statistical comparison of ten specimens of Carnites floridus (Wulfen) with
the specimens recorded after Mojsisovics (1882). All measurements in millimeters

primerek Rudnik Mezica Mojsisovics (1882)
%, [1 2 3 4 5 6 7 8 9 1|1 2 3 a4
pERmAY 99 101 41 92 30 147 120 98 78 21 [134 122 11 5
hitice
viina
zodnjega | 60 62 26 63 20 83 69 58 46 11,5 70 70 6 2
zavoja
Zirina
zadnjega |23 24 10 26,7 6,6 31 24 23,5 21,5 5.5| 32 25 3.5 2.5
zavoja
pERTSE, 3.8 4.5 2.6 = 2 8 5 4,5 43 1.5| 5 45 2 1.5
popka

Explanation of table 6
primerek — specimen
premer hiSice — shell diameter
viSina zadnjega zavoja — last whorl height
Sirina zadnjega zavoja — last whorl width
premer popka — umbilicus width
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Sl. 25 — Fig. 25

Carnites floridus (Wulfen)

Kameno jedro z rahlo vidnimi srpastimi rebri
a) pogled proti ustju, b) pogled s strani
Prvi skrilavec v meziskem rudniku

Cast with slightly seen sickle-shaped ribs
a) apertiural view, b) lateral view
The first shale of the MezZica mine

2 X

Familia Arcestidae Mojsisovics 1875
Genus Arcestes Suess 1865

Arcestes gaytani (Klipstein) 1845
Sl. 26, tabela 7

1873 Arcestes gaytani Klipstein sp.,, Mojsisovics, str. 100, tab. 58, sl. 1—3.
1875 Amm. (Arcestes) gaytani Klipstein, Hauer, str. 302, sl. 156—166.

Material: Kameno jedro z odlomljenim sprednjim in zadnjim delom zu-
nanjega zavoja.

Opis: Kameno jedro je gladko in tudi lupina ni skulpturirana. HiSica je
bila involutna z majhnim popkom. Bivalni del zavoja je v blizini ustja zelo
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Sl. 26 — Fig. 26
Arcestes gaytani (Klipstein)

Kameno jedro z odlomljenim sprednjim in zadnjim delom
zunanjega zavoja
a) pogled proti ustju, b) pogled s strani
Prvi skrilavec v meziskem rudniku
Naravna velikost

Cast with broken anterior and posterior parts of the last whorl
a) apertural view, b) lateral view
The first shale of the Mezica mine
Natural size

Tabela 7. Mere (v mm) primerka vrste Arcestes gaytani
(Klipstein) in primerjava z Mojsisovicsevimi podatki

Table 7. Comparative measurements (in mm) of Ar-
cestes gaytani (Klipstein) from MeZica and specimen
determined by Mojsisovics (1873)

Mojsisovics

Mezica (1873)

premer hisice

shell diameter 51 88
visina zadnjega zavoja

last whorl height 27 45
3irina zadnjega zavoja

last whorl width 23.3 50
sirina popka 5 "

umbilicus width

3 — Geologija 2U/II
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nizek in kot plas¢ obdaja starej$i zavoj. Ventralna stran je pravilno polkrozna,
v umbilikalni coni pa hitreje zavije proti dorzalnemu delu. Lobna linija je raz-
galjena na nekaj delih kamenega jedra in se ujema z Mojsisovicsevim
opisom.

Primerjalni podatki kaZejo, da se razmerja dimenzij ujemajoz Mojsiso-
vicsevim primerkom. MorfoloSko pa ima A. gaytani tako znacilno obliko-
vano hiSico, da ga le tezko zamenjamo z drugimi predstavniki rodu Arcestes.

Arcestes sp.
Sl. 27

Material: Kameno jedro adultnega osebka s poskodovanim lateralnim
dnom zadnjega zavoja.
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Opis: Kameno jedro kaZe, da je bila hiSica involutna z majhnim popkom
in gladkim povrsjem. Cel zadnji zavoj in morda e pol naslednjega, ki je pripa-
dal bivalni kamrici, ima zelo majhen povisek, lateralno proti umbilikalnemu
delu pa se stanjia le na nekaj milimetrov. Popek je majhen, pravilno okrogel
in na kamenem jedru razlo¢no viden. Pod lateralnim delom zadnjega zavoja je
povrije drugega zavoja prepredeno z gostimi radialnimi in vijugastimi razami.
S podobnimi strukturami je bilo morda prepredeno povrsje celotne hiSice. Lob-
na linija amonitnega tipa, ki je zelo gosto nazobZana, je podobna kot pri pred-
stavnikih rodu Arcestes.

Dimenzije: premer hilice 185 mm, vidina zadnjega zavoja 93 mm, pri-
blizna 3irina zadnjega zavoja od 60 do 70 mm, premer popka 10 mm.

Stratigrafski poloZaj: Samo v prvem julijskem skrilaveu.

Familia Joannitidae Mojsisovics 1882
Genus Joannites Mojsisovics 1879

Joannites cymbiformis (Wulfen) 1793
Sl. 28, tabela 8

1873 Arcestes cymbiformis Wulfen sp.,, Mojsisovics, str. 85, tab. 61, sl. 1,
5, tab. 62, sl. 1, tab. 63, sl. 1, tab, 65.
1957 Joannites cymbiformis Wulfen, Moore, str. L 178,

Material: Kameno jedro z ohranjeno lupino na eni strani, spredaj pod
ustjem nekoliko poskodovano.

Opis: Primerek je juvenilen; o tem pri¢ajo dimenzije jedra in odprt popek
{pri odraslih Zivalih ga je zapiral kalus). Ima sorazmerno visoko ustje, ki ga
tudi lo¢uje od rodu Arcestes. Na mo€no involutnem kamenem jedru vidimo $tiri
zaZetke, ki so sledovi letvic na notranji strani lupine (varices), povr§je lupine
pa je gladko. Ventralni del zavoja je polkroZno obokan in brez grebena. Razga-
ljena lobna linija kaZe, da je amonitna; ukrivljena je med internim in ekster-
nim delom naprej, v eksternem pa nazaj proti starej§im kamricam, kar ustreza
vrsti J. cymbiformis,

Razmerja dimenzij se dobro ujemajo, prav tako pa ustrezajo Mojsiso-
vicsevemu opisu tudi vse morfoloSke znaéilnosti meziskega primerka.

Stratigrafska razfirjenost: Mojsisovics je opisal vet pri-
merkov vrste J. eymbiformis iz karnijske stopnje. V skrilavcu Rothelsteina na-
stopajo skupaj z vrsto Lobites ellipticus in Trachyceras austriacum, v Rosch-
bergu pa v skrilaveu vodilnega conskega amonita Trachyceras eonoides. Omenil
jih je $e iz rabeljskega skrilavca Severnih in JuZnih apneni$kih Alp. V Sloveniji,
razen v okolici MeZice, ne poznamo drugih nahajali§¢ te vrste. Tu se nahaja
v prvem skrilavcu skupaj z amonitom Carnites floridus. Po Mojsisovicsu
(1893, 820) sega vrsta J. cymbiformis tudi v cono Trachyceras aon.

Sl. 27 — Fig. 27
Arcestes sp.
Kameno jedro iz prvega skrilavca v meZitkem rudniku

Cast taken from the first shale of the MeZica mine
075 X
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Sl. 28 — Fig. 28
Joannites cymbiformis (Wulfen)

Kameno jedro iz prvega skrilavca v meziskem rudniku
Pogled s strani a) brez lupine, b) z ohranjeno lupino
Naravna velikost

Cast taken from the first shale of the MeZica mine
Lateral view a) without shell, b) shell preserved
Natural size

Tabela 8. Mere (v mm) primerka vrste Joannites
cymbiformis (Wulfen) in primerjava z Mojsiso-
vicsevimi podatki

Table 8. Comparative measurements (in mm) of
Joannites cymbiformis (Wulfen) and specimen de-
termined by Mojsisovies (1873)

Mezica Moo

premer higice 1
shell diameter 33 2
vifina zadnjega zavoja

last whorl height & 46
debelina zadnjega zavoja

last whorl thikness Boe? *
sirina popka 5.2 8

umbilicus width
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Familia Megaphyllitidae Mojsisovics 1896
Genus Megaphyllites Mojsisovics 1879

Megaphyllites jarbas Munster
Sl. 29, tabela 9

1882 Megaphyllites jarbas Miinster, Mojsisovics, str. 193, tab. 53, sl. 7, 8.
1957 Megaphyllites jarbas Miinster, Moore, str. L 179, sl. 210/4.

Material: Neposkodovano kameno jedro manjSega primerka z razlo¢no
vidno lobno linijo.

Opis: Hisica je bila involutna. Ventralna stran zavojev je enakomerno
polkrozno zaobljena in brez grebena. Zavoji se od ustja, ki je sorazmerno vi-
soko, enakomerno ozijo proti starejSemu delu. Lobna linija je ceratitna z glad-
kimi sedli, ki so proti vratu zozZena, in z nazob¢animi lobusi. Od ventralne
strani proti dorzalni se lobusi in sedla naglo manjsajo. Na opisanem primerku
sem naS$tel do popka deset lobusov, drugi trije ali $tirje pa so izredno majhni
in jih ni videti.

Mojsisovicsev primerek je precej vetji od meziskega, ki je bil ob
smrti Se v juvenilnem stadiju. Razmerja posameznih dimenzij se bolj ali manj
ujemajo, lobna linija pa dokonéno potrjuje pripadnost vrsti M. jarbas.

Sl. 29 — Fig. 29
Megaphyllites jarbas (Miinster)

Kameno jedro iz prvega skrilavca v meziSkem
rudniku
a) pogled proti ustju, b) pogled s strani

Cast taken from the first shale of the Mezica mine
a) apertural view, b) lateral view
1.7 X a b

Tabela 9. Mere (v mm) primerka vrste Megaphylli-
tes jarbas (Minster) in primerjava z Mojsisovicse-
vimi podatki
Table 9. Comparative measurements (in mm) ol
Megaphyliites jarbas (Miinster) from Mezica and
specimen determined by Mojsisovics (1882)

Mojsisovics

Kigkisa (1882)
premer hisice - -
shell diameter .
vifina zadnjega zavoja
last whorl height 6.1 25
Sirina zadnjega zavoja
last whorl width 5.2 15
sirina popka o )

umbilicus width
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Stratigrafska razSirjenost: Mojsisovics (1893, 820) je
trdil, da se pojavlja M. jarbas v conah Trachyceras aonoides in T. aon, podobno
kot vrsta Joannites cymbiformis. NaSel jih je v skrilavcu Raschberga, Rithel-
steina in Bleiberga (povsod v coni Trachyceras aonoides) ter v laporju St. Cassi-
ana. Omenil je tudi nahajali’%a z Balkana {povsod v coni Trachyceras aon).
V Mezici se najde vrsta M. jarbas poleg stevilnih drugih amonitov samo v pr-
vem julijskem skrilavcu.

Sklep

Biostratigrafske raziskave v okolici MeZice in v meZifkem rudniku so dale
nekaj novih spoznanj o julijskih plasteh; prvié je bila sistemati¢no obdelana
tudi njihova makrofavna.

Dolotil sem 109 primerkov, ki pripadajo trem razredom in 13 druZinam.
V oklepaju je poleg imena $tevilo najdenih primerkov.

Hypsipleura cf. cathedralis Koken (1)
Coelostyling sp. (38)

Nuculana cf. tirolensis (Wihrmann) (8)
Gervillia (Cultriopsis) angusta Miinster (3)
Hoernesia sturi (Wéhrmann) (4)

Lopha sp. (1)

Myophoria inaequicostata Klipstein (1)
Myophaoricardium lineatum Wo&hrmann (2)
Cornucardia hornigii (Bittner) (7)
Pleuronautilus gaudryi Mojsisovics (1)
Carnites floridus (Wulfen) (16)

Arcestes gaytani (Klipstein) (1)

Arcestes sp. (1)

Joannites cymbiformis (Wulfen) (1)
Megaphyliites jarbas (Miinster) (1)

Drugi fosili so ostali nedologeni, ker so slabo ohranjeni. Zaradi pomanjkanja
literature nisem uspel dolotiti ribjih vretenc in ostankov iglokozZcev.

Ze pri opisovanju stratigrafske raz$irjenosti posameznih vrst sem navedel
nekatera tuja nahajalis¢a in kamenine, v katerih nastopajo. Ti podatki so Ze
stari in so se v zadnjih letih z napredujofimi paleontolo$kimi raziskavami prav
gotovo spremenili. Vse cefalopodne vrste razen Arcestes gaytani in Pleuronauti-
lus gaudryi so nadli tudi v julijskem skrilavcu Bleiberga, Zal pa avtorji ne na-
vajajo, v katerem horizontu. Tudi iz hallstattskega apnenca poznamo 3tevilne
skupne vrste. Skoljéna favna je podobna kot v okolici St. Cassiana, Bleiberga,
Rablja in v Bakonyskem gozdu ter v severnih Tirolah, z Lombardijo pa jo
druzi le vrsta Myophoricardium lineatum.

Za vse tri julijske skrilavce se je v MeZici udomadilo ime carditski skrila-
vee po vrsti Cardita guembelli. Tme ne ustreza, ker se ta vrsta v omenjenih
plasteh ne pojavlja ali pa je zelo redka. Verjetno gre za zamenjavo z drobnimi
rebratimi spiriferinami, pogostimi v talnini drugega in tretjega skrilavca.
Mislim, da bi bilo bolj prav, &e bi jih preimenovali v julijski skrilavec po julij-
ski makrofavni.
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Ze dalj &asa se postavlja vpraSanje meje med srednjo in zgornjo triado.
Mikropaleontolo$ke raziskave tako imenovanega wettersteinskega apnenca pod
prvim skrilavcem niso dale Zeljenih rezultatov, ker ni fosilov, ali pa so zelo
moéno prekristalizirani in zato nedologljivi.

Bolj razlo&na je meja med cordevolsko in julijsko podstopnjo. V prvem skri-
laveu se pojavijo amoniti, ki so jih v Stevilnih znanih nahajali$¢ih zgornje-
triadne makrofavne na$li skupaj z vrsto Trachyceras aonoides. Le-ta je vodilni
fosil za julijsko podstopnjo. V cono Trachyceras aon segata od vseh nabranih
primerkov le vrsti Joannites cymbiformis in Megaphyllites jarbas. Vefina me-
%i8kih amonitov se je pojavila e v zadetku julijske podstopnje; o tem pri¢ajo
skupne najdbe z vrsto Traechyceras austriacum, ki je predstavnik spodnjega dela
cone Trachyceras aonoides (Mojsisovics, 1893, 810). Ceprav cordevolska
mikrofavna v raziskanih profilih $e ni dokazana, lahko meja glede na te dolo-
¢itve ostane tik pod talnino prvega skrilavca.

Drugi skrilavec je mnogo bolj siromafen s fosili: vanj seZe iz prvega skri-
lavea le vrsta Hoernesia sturi. V talnini tretjega skrilavca se makrofavna moéno
spremeni. Zastopane so Stiri znaéilne julijske vrste: Cornucardia hornigii, My-
ophoria inaequicostata, Gervillic (Cultriopsis) engusta in Lopha sp. V doslej
znanih nahajali§éih sta vrsti C. hornigii in G. (C.) angusta v isti plasti. V na-
gem primeru pa leZi G. (C.) angusta pribliZno Sest metrov nad vrsto C. hornigii,
ki predstavlja monofavno v plasti, debeli 50 em.

Na koncu naj podamo e sliko o razdelitvi julijskih plasti v okolici MeZice.
Spodnji del julijskih plasti tvori prvi skrilavec z bogato Zkoljéno in amonitno
favno, med katero je najpogostnejdi Cuarnites floridus. V srednji julijski ped-
stopnji je drugi skrilavec z vrsto Hoernesia sturi, zgornji del julijske podstopnje
pa se priéne z vrsto Cornucardia hornigii in se konda s tretjim skrilavcem.
Tuvalskih plasti nad tretjim skrilavcem kljub 3tevilnim zbruskom ni bilo mo-
gote dokazati, vendar lahko po konkordantni legi plasti med tretjim skrilaveem
in noriskim dolomitom sklepamo, da sedimentacija v tem &asu ni bila pre-
kinjena.

S tem pa e niso kon&ane biostratigrafske raziskave karnijskih plasti v oko-
lici MezZice. V nadaljevanju bi bilo treba napraviti Se ve¢ mikropaleontolo3kih
analiz in dokonéno dokazati vse meje. Tudi paleontoloZke raziskave bi se morale
raz8iriti, saj bi le s sistemati¢nim nabiranjem makrofosilov skozi vet let lahko
dobili celovito predstavo o Zivljenju v zgornjetriadnem morju na mezZiskem
prostoru.
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Tortonska in sarmatska mikrofavna v zahodnem delu
Slovenskih goric

Tortonian and Sarmatian microfauna from the Western Slovenske Gorice
hills

Lija Rijavec
Geologki zavod, 61000 Ljubljana, Parmova 33

Kratka vsebina

Tortonske plasti vsebujejo tri foraminiferne zdruZbe. Znaéilni pred-
stavnici spodnjetorionske zdruZbe sta Uwigering macrocarinata in Uvi-
gerina grilli, ki ju spremljajo zastopniki druzin nodosariid in eouvigerinid.
V srednjetortonski zdruZbi so poleg vrst Uvigerina venusta in Uvigerinag
¢f. pygmaea foraminifere s pedtenimi hilicami. Zgornjetortonska zdruzba
pa sestoji iz znatilne vrste Uvigerina venusta liesingensis in predstavni-
kov rodov Bolivine, Bulimina, Harzawaia in Heterolepa.

Tudi v sarmatskih plasteh so tri foraminiferne zdruzbe, in sicer dve
v spodnjem delu in ena v srednjem delu. Prvo predstavljajo Elphidium
reginum in Cibicides badenensis v spremstvu drugih elfidijskih vrst, Am-
monia beccarii in Cytheridea hungarice. Druga zdruzba obsega Elphidium
hauerinum, poleg oblik Elphidium antoninum, Elphidium josephinum,
Articuling sarmatica in Haplocytheridea dacica dacica. Znadilen pred-
stavnik tretje zdruzbe pa je Protelphidium subgranosum, ki ga spremljata
Protelphidium tuberculatum in Elphidium flexuosum grilli.

Tortonske plasti so razdeljene na pet biocon, sarmatske pa na tri
biocone.

Abstract

The succession of the Tortonian-Sarmatian strata of the Western
Slovenske Gorice hills is ascertained by foraminifers. Six assemblages
have been distinguished, three from the Tortonian and three from the
Sarmatian beds. The characteristic representatives of the Lower Torto-
nian assemblage are Uwigerina macrocarinata and Uvigering grilli ac-
companied by some forms from the two families Nodosariidae and
Eouvigerinidae. In the Middle Tortonian series Uvigerina venusta venusta
and Uwvigerina ¢f. pygmaea are associated with some foraminifers marked
by arenaceous tests. The Upper Tortonian series is characterized by
Uvigerina venusta liesingensis and the representatives of the genera
Bolivina, Bulimina, Hanzewaia, and Heterolepa. From the Lower Sar-
matian sequence two assemblages have been recognized. In the first one
Elphidium reginum and Cibicides badenensis occur associated with some
other elphidiums, Ammonia beccarii, and Cytheridea hungarica. The second
one comprises Elphidtum hauerinum beside Elphidium antoninum, Elphi-
dium josephinum, Articulina sarmatice, and Haplocytheridea dacice da-
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cica. Finally the Middle Sarmatian assemblage is represented by Protel-
phidium subgranosum accompanied by Protelphidium tuberculatum and
Elphidium flexuosum grilli. The vertical distribution of different Uwvi-
gerina species indicates five Tortonian biozones and that: U. macrocari-
nata, U. grilli, U. venusta venusta, U. cf. pygmaea, and U. venusta liesin-
gensis. The three Middle Sarmatian biozones have been determined by
Cibicides badenensis, Elphidium hauerinum, and Protelphidium subgra-
nasum.,

Uvod

V zahodnem delu Slovenskih goric prevladujejo tortonske in sarmatske
usedline. Njihova podlaga sestoji iz metamorfnih kamenin in erozijskih ostan-
kov mezozojskih sedimentnih kamenin. Litostratigrafsko je bilo zaporedje
terciarnih plasti Ze prej razélenjeno, predvsem takrat, ko so raziskovali nafto-
nosne miocenske formacije. Za nadrobno korelacijo z drugimi terciarnimi ob-
motji pa je potrebna tudi biostratigrafska horizontacija. Tortonska makrofavna
je v zahodnih Slovenskih goricah zelo siromana in ne pride v postev za hori-
zontiranje plasti. Bogatejia pa je mikrofavna, zlasti §tevilne so foraminifere.
Zato sem se odlodila nabrati vedje $tevilo povriinskih vzorcev in doloditi mikro-
favno. Na obmotju Sentilj—Jurovski dol, S%avnica, Lenart, Negova—Radgona,
velikem okrog 75km?, sem vzela 490 vzorcev. Mikrofavno je vsebovalo 274
vzorcev, makrofavno pa samo 3est vzorcev. Med mikrofavno so prevladovale
tortonske foraminifere, manj je bilo sarmatskih ostrakodov. S pomodjo uvigerin
sem razdelila tortonske plasti na pet biocon, sarmatske pa na tri biocone delno
po foraminiferah delno po ostrakodih.

Delo sta finanéno podprla Geologki zavod v Ljubljani in Raziskovalna skup-
nost Slovenije, obema ustanovama gre moja topla zahvala. Posebno pa se zahva-
ljujem prof. dr. Vandi Kochansky-Devidé, redni profesorici zagrebke univerze,
ki je kot mentor spremljala moje delo od izbire naloge do njene refitve na
visini magistrskega dela.

Pregled dosedanjih raziskovanj

Prve foraminifere v miocenskih plasteh Slovenskih goric je dolodil A.
Reuss (1850, cit. po F. Rolleju, 1855, 353—354), ki je raziskal glinasti
lapor v talnini litotamnijskega apnenca pri Sentilju. R. Jae ger (1914, 123 do
141) je vzorteval foraminiferni lapor zahodno in jufno od Sentilja. Na podlagi
foraminifer je dolodil globokomorske sedimente, nadrobneje pa miocenskih
plasti ni razélenil. I. Meznerics (1935, 118) je raziskala foraminifere iz
usedlin pri Poli¢ki vasi, Politkem vrhu in Jareninskem dvoru. L. Rijavec
(1970, 275—286) je s pomoéjo foraminifer razélenila helvetske, tortonske in sar-
matske plasti. O. Spaji¢ & L. Rijavec (1973, 183—189) sta razdelili
spodnjesarmatske, tj. volinske usedline na podlagi makrofavne in mikrofavne
na dve bioconi:

2. Elphidium hauerinum-Ervilia

1. Cibicides badenensis ali Elpkidium reginum-Rissoa in Hydrobia

L. Rijavec (1976, 53—82) je definirala biostratigrafske cone miocenskih
plasti v Slovenskih goricah in jih primerjala z bioconami v okolici Gnasa in
v Dunajski kotlini. Tortonske plasti je razdelila na tri biocone: Praeorbulina in
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Orbuling suturalis, Spiroplectammina carinata ali biocona pesfenih hiSic in
Boliving dilatata. Biocona Ammonia beccarii znadilna za Gnas in Dunajsko
kotlino je v Slovenskih goricah erodirana. V sarmatskih plasteh je dolodila vse
tri biocone Elphidium reginum ali Cibicides badenensis, Elphidium hauerinum
in Protelphidium subgranosum.

Opis dologenih vrst

Opisala nisem vseh najdenih oblik, temve® samo stratigrafsko pomembne;
to so vrste rodov Heterostegina, Globorotalia, Globigerina, Globigerinoides, Or-
bulina, Uvigerina, Elphidium, Protelphidium in Cibicides. Med heterosteginami
sem nagla obliko, ki je verjetno nova, vendar sem jo zaradi pomanjkanja ma-
teriala dolo&ila zaenkrat kot Heterostegina sp.

Favno sem razdelila na &tiri skupine: 1. velike foraminifere, 2. male fora-
minifere (plankti¢ne in bentine), 3. ostrakoda in 4. spremljevalna favna.

1. velike foraminifere

Na ve¢ krajih zahodnega dela Slovenskih goric sem na$la od velikih fora-
minifer rod Heterosteginag, ki je vezan na facies apnenega pe¥Cenjaka, litotam-
nijskega apnenca, laporastega apnenca in apnenega laporja.

Rod Heterostegina d'Orbigny 1826
Heterostegina costate costata d’Orbigny

Tabla 1, desna slika

1846 Heterostegina costata d’'Orbigny — d’Orbigny, str. 212, tab. 12, sl
15—117.

1954 Heterostegina costata costata d’Orbigny —Papp & Kiipper, str. 116,
tekst. tab. 3, sl. 8—10.

1959 Heterostegina costata d’Orbigny -— Pavlovsky, str. 32.

Podvrsta Heterostegina costata costat®d’Orbigny je zelo pogostna v lapora-
stem apnencu in apnenem laporju pri Srebotju vzhodno od Sentilja. Po obliki
popolnoma ustreza opisu in sliki, ki sta ju objavila A. Papp & K. Kiipper
(1954). To podvrsto sem nafla v bioconi Uvigerina venusta venusta v spodnjem
delu srednjega tortona, ki ustreza bioconi peStenih hific v Dunajski kotlini
(R. Grill, 1941; A. Papp & K. Turnovsky, 1953).

Heterostegina ex gr. costata d’Orbigny

V laporastem litotamnijskem apnencu pri Srebotju sem na3la nekaj primer-
kov te vrste, vendar so tako slabo ohranjeni, da podvrste nisem mogla doloéiti.
Ornamentacija in zgradba hisice pa potrjujeta, da najdena oblika pripada tej
vrsti, ki se nahaja v isti bioconi kot nominalna podvrsta.
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Heterostegina granulatatesta granulatatesta Papp & Kiipper

1954 Heterostegina granulatatesta granulatatesta Papp & Kiipper — Papp &
Kiipper, str. 122, tab. 22, sl. 1--5.

Apneni pestenjak pri Berlogi zahodno od Sentilja vsebuje mnogo hetero-
stegin, dobro ohranjenih v prerezih. Dolodila sem vrsto Heterostegina granula-
tatesta granulatatesta. Primerki kaZejo na filogenetsko razvojno stopnjo, zna-
¢ilno za zgornjo lagenidno cono. Na primerkih se je lepo ohranila ornamen-
tacija, pomembna za to podvrsto.

Na omenjenem ped¥enjaku leZi lapor z bogato foraminiferno zdruzbo z uvi-
gerinami. Po njih sem dolo&ila biocono Uwigerina grilli, kar potrjuje Pappovo
misljenje o starosti plasti.

Heterostegina sp.
Tabla 1, leva slika

Laporasti apnenec pri Srebotju vsebuje med drugim tudi obliko, ki je vedja
kot druge heterostegine in ima en zavoj ved. Na sliki (tabla 1, leva slika) so
dobro vidni protokonh, devterokonh, primarna in sekundarna septa ter zavoj.
Sekundarna septa kaZejo na evolucijo vrste Heterostegina costate; zato sklepam
na viSe specializirano vrsto, ki je zaenkrat nisem mogla dolotiti. Gre verjetno
za novo vrsto, vendar je treba za njeno dolofitev zbrati ve¢ primerkov.

Tabela 1. Stratigratska razsirjenost heterosteginskih vrst in podvrst v zahodnih
Slovenskih goricah

Table 1. Stratigraphic distribution of Heterostegina species and subspecies
recovered from Western Slovenske Gorlee
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Rod Heterostegina je pomemben za razélenjevanje tortonskih plasti zahod-
nega dela Slovenskih gorie. Vertikalno raziirjenost heterosteginskih vrst kaze
tabela 1.

A.Papp & K. Kiipper sta dolo¢ila heterostegine zgornjega terciarja iz
razliénih nahajali3¢ Evrope. Nasla sta vet novih podvrst in sestavila tabelo
o stratigrafski raziirjenosti posameznih podvrst. Slovenskogorilke oblike se
¢asovno ujemajo s podvrstami drugih evropskih najdi$¢. KaZe pa, da drugod
med podvrstami, znanimi doslej, ni oblike, ki sem jo oznatila s Heterostegina sp.

Heterostegine hrvakih najdis¢ je obdelala M. Pavlovsky (1939) in od
tortonskih oblik dolodila vrsto Heterostegina costata d’Orbigny, ki se 3teje
v biocono Spiroplectammina carinata, oziroma v biocono Uvigerina venusta
venusta in Uvigering cf. pygmaea v zahodnem delu Slovenskih goric.

Heterostegine so tudi pomemben indikator okolja; kaZejo na plitvo obrezno
morje in toplo klimo.

2. male foraminifere
Plonkti¢ne oblike

S pomotjo planktiénih foraminifer sem razmejila tortonske in helvetske
plasti. Za razélenitev tortona pa ne pridejo v postev, ker so siromasne z vrstami,
na drugi strani pa imajo nekatere precej$njo vertikalno razdirjenost. To velja
za nase obmotje. H. M. Bolli (1966, cit. po J. A. Postuma, 1971) je na
podlagi planktiénih foraminifer, in sicer po globorotalijah in v najnizjem delu
po preorbulini, horizontiral tortonske plasti.

Tudi W. Blow je leta 1969 (cit. po J. A. Postuma, 1971) s pomodjo
oblik Globorotalia, Globigerina, Globigerinoides in Orbulina razdelil tortonske
plasti.

Rod Globorotalia Cushman 1927
Globorotalia fohsi baricanensis (Le Roy)
Tabla 2, sl. 1

1963 Globorotalia fohsi barisanensis (Le Roy) — Papp, str. 239, tab. 2,
sl. 8—11.

Vrsta Globorotalia barisanensis Le Roy je bila najprej dolofena na Trini-
dadu. Med na¥imi primerki le redki ustrezajo Pappovemu opisu, ki je imel
primerjalni material s Trinidada (A. Papp, 1963).

V zahodnem delu Slovenskih goric je Globorotalia fohsi barisanensis ome-
jena na cono Uvigerina macrocarinata in na najnizji del cone Uvigerina grilli.

Globorotalia mayeri Cushman & Ellisor ssp. indet.

Tabla 2, sl. 2

1963 Globorotalie mayeri ssp. Cushman & Ellisor — Papp, str. 238, tab. 2,
sl 7.

Ta oblika ima v zadnjem zavoju $est kamric in se zelo razlikuje od prejsnje
podvrste, V primerjavi s Pappovimi primerki nisem ugotovila bistvenih razlik.
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To vrsto sem dolodila samo v bioconi Uvigerina grilli in v spodnjem delu
biocone Uvigerina venuste venusta. Po A. Pappu (1963) je razdirjena samo
v spodnji lagenidni coni, ki ustreza bioconi Uvigerina macrocarinata v Sloven-
skih goricah.

Rod Globigerina d’Orbigny 1826
Globigering bulloides d'Orbigny
Tabla 2, sl, 3

1346 Globigerina bulloides d'Orbigny — d’Orbigny, str. 163, tab. 9,
sl. 4—8.
19683 Globigerina bulloides d'Orbigny — Papp, str. 234,

Opis in slike d'Orbignyjevih primerkov se ujemajo z nagimi. Vrsta strati-
grafsko ni pomembna, ker se nahaja v vseh tortonskih bioconah.

Rod Globigerinoides Cushman 1927
Globigerinoides trilobus (Reuss)
Tabla 2, sl. 4
1963 Globigerinoides trilobus (Reuss) -- Pa pp, str. 241, tab. 3, sl. 1 in 2.
Ta vrsta ni znatilna, ker se pojavi e v predtortonskih plasteh, v tortonskih

pa se najde skoraj v vseh bioconah razen v bioconi Uwigerina venusta liesin-
gensis. Opis in slika Pappovih primerkov se ujemata z nadimi oblikami.

Rod Orbulina d’'Orbigny 1839
Orbuling bilobata (d’Orbigny)

Tabla 2, sl. 5

1846 Globigerina bilobata d’'Orbigny — d° Orbigny, str. 164, tab. 9,
sl. 1114,
1963 Orbuling bilobata (d'Orbigny) — Pa pp, str. 246, tah. 3, sl. 14 in 15.

Hifica ima pri vetini primerkov po dve kamrici, le pri nekaterih se vidijo
tudi starejSe kamrice. Sekundarne odpriine so dobro vidne, Pri primerkih
z dvema vidnima kamricama so odprtine nametane brez reda. Te oblike imajo
navadno vet odprtin. Vrsta je redka: najde se skupaj s foraminifero Orbulina
suturalis Brénnimann v bioconi Uvigering grilli, §e redkej$a je v coni Uvigerina
venusta venusta.

Orbulina suturalis Brénnimann
Tabla 2, sl. 6
1963 Orbulina suturalis Bréonnimann — Pa Pp, str. 245, tab. 3, sl. 8 in 9.

Orbuling suturalis ima veliko kroglasto hidico, ki delno prekriva starejse
kamrice. Sekundarne odprtine so lepo vidne na $ivih starejSih kamrie,
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Na podlagi te vrste sem logila tortonske plasti od helvetskih. Zgornji helvet
{karpatij) in spodnji torton (badenij) sta si namred po zdruzbi foraminifer
precej podobna; razlikujeta se prav po orbulinah in Se po uvigerinah. Na ob-
modju Paratetide so ponekod nasli v spodnjem delu spodnjega tortona vrsto
Praeorbulina glomerosa, oziroma Orbulina glomerosa (Blow). Po W. Blowu
(1956) je to prehodna oblika med vrstama Globigerinoides bisphaericus (Todd)
in Orbulina suturalis Bronnimann, Prehodne oblike pri nas nisem nasla.

Orbuling suturalis Bréonnimann se najde v vseh tortonskih conah razen
biocone Uvigerina venusta liesingensis. Stevilna je v bioconi Uvigerina grilli
pa tudi v bioconi Uvigerina cf. pygmaea.

Po Nortonovi klasifikaciji so planktine foraminifere raziirjene v globokih
morjih {cit. po Pokorny, 1858, 125—127). Po R. W. Waltonu (1964) so
zelo Stevilne v globini 70 m do 185m. Cd plankti¢nih foraminifer se najdejo
v Jadranskem morju rodovi Globigerina, Globigerinoides in Orbulina. Ti so
vezani izklju¢no na vetje globine Jadranskega morja (S. Alfirevié, 1976).
Pri otoku Mali Obrutan in Borovik (Kornati) sta naila K. Drobne & F. Ci-
merman (1976) plankti¢ne foraminifere v globini 0—70 m. Prisotni so rodovi
Globigerina, Globigerinoides in Orbuline. 1z njunega diagrama se vidi, da
planktitne vrste nara¥ajo z globino morja. V Piranskem zalivu sta dobila
F.Cimerman & K. Drobne (neobjavljeno porotilo) vrsti Globigerina sp.
in Orbuling universa d’Orbigny v globini 14 m in 18,50 m.

Tabela 2. Stratigrafska raziirjenost planktiénih foraminifer v zahodnih Sloven-

skih goricah
Tnble 2. Stratigraphie distribution of planktic foraminifers in Western Slovenske
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Biostratigratska razSirjenost plankti¢nih vrst in podvrst se ujema s podatki
znanih avtorjev, ki so raziskovali planktitne foraminifere, Razdirjenost plank-
ti¢nih foraminifer v zahodnih Slovenskih goricah kaZe tabela 2.

Bentiéne oblike

Za tortonske in sarmatske plasti zahodnih Slovenskih goric so znaéilni na-
slednji rodovi benti¢nih foraminifer: Uvigerina, Elphidium, Protelphidium in
Cibicides. Rod Uvigerina ter nekatere vrste rodov Elphidium in Cibicides
so Ziveli v tortonskem morju, ki je vsebovalo dovolj soli za njihov obstoj. Rod
Protelphidium in nekatere vrste rodov Elphidium in Cibicides so tipidni pred-
stavniki braki¢nega sarmatskega morja.

Uvigerine imajo majhno vertikalno razdirjenost in se zelo uporabne za
poimenovanje biocon v tortonu. Sarmatske biocone so dobile ime po nekaterih
vrstah rodov Elphidium in Protelphidium.

Rod: Uvigerina d’Orbigny 1826

A.Papp & K. Turnovsky (1953) sta razdelila uvigerine na ¥tiri sku-
pine. V zahodnih Slovenskih goricah sta prisotni skupini Uvigerina macrocari-
nata in Uvigerina semiornata.

1. skupina Uvigerine macrocarinata
Uvigerina macrocarinata Papp & Turnovsky
Tabla 2, sl. 7

1953 Uvigerina macrocarinata n. sp. — Papp & Turnovsky, str. 123,
tab. §, odd. B, sl. 1—3.

HiSica je majhna; dolZina naSih primerkov je 0,40 do 0,68 mm, %rina pa
0,28 do 0,45 mm. Sestoji iz sedmih kamric. Pre¢ni prerez je okrogel. Zadetne
kamrice se slabo lotijo med seboj, posebno pri nekaterih primerkih. Sivi so
jasni le v zadnjem delu hifice. Kamrice so okradene s precej moénimi rebri,
razen zadnje kamrice. Na nadih primerkih se redko vidi vrat z ustjem.

Opisana vrsta po A. Pappu & K. Turnovskem (1953) popolnoma
ustreza naSim primerkom. Vrsta je zelo znatilna, ker ima majhno vertikalno
razSirjenost in se nahaja v apnenem laporju. Po njej je dobila prva tortonska
biocona svoje ime. Vrsta prehaja fe v najnizji del druge tortonske biocone,
imenovane Uvigerina grilli.

Uvigerina grilli Schmid
Tabla 2, sl. 8
1853 Uvigerina cf. acuminata Hosius — Papp & Turnovsky, str. 124,
tab. 5, sl. 4—86.

1963 Uvigerina acuminate Hosius — Papp, str. 250, tab. 4, sl. 11—15.
1971 Uvigering grilli n. sp. — Schmid, str. 46, tab. 1, sl 1, 2.
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HiSica je srednje velika, dolga 0,65 mm, $iroka 0,30 mm z okroglim prefnim
prerezom, Sestoji iz $estih do sedmih kamric. Sivi so slabo vidni. Kamrice
imajo znadilna rebra, ki so pri zafetnih kamricah podaljSana v vetje bodice.
Na zadnji kamrici so rebra slabo izraZena ali pa manjkajo. Ustje je na srednje
dolgem vratu in je na koncu nekoliko razSirjeno.

Pri nas je foraminifera Uvigerina grilli zelo pogosta v laporju, odtod tudi
ime druge tortonske biocone. Njena znatilnost je v tem, da ima majhno verti-
kalno razdirjenost. Vrsta prehaja v spodnji del naslednje biccone, imenovane
Uvigerina venusta venusta.

Uvigering venuste venusta Franzenau
Tabla 2, sl. 9

1953 Uvigerina venusta wvenusta Franzenau -~ Papp & Turnovsky,
str. 125, tab. 5, odd. B, sl. 7, 8, 13.

1963 Uvigerina venustq Franzenau — Papp, str. 250, tab. 4, sl. 16—20.

Hi8ica je precej velika in sestoji iz 11 kamric. Njena dolzina variira od
0,55 do 0,75 mm, Sirina pa od 0,30 do 0,40 mm. Pre¢ni prerez je okroglast. Sivi
so precej poglobljeni. Kamrice so okrafene s podolZnimi rebri po celi hiSici.
Ustje je terminalno na precej kratkem vratu.

V Dunajski kotlini se pojavi ta vrsta Sele v spodnji coni pestenih hiSic ali
v coni s Spiroplectamming carinata (R. Grill, 1941, 1943). A, Papp &
K. Turnovsky (1953) navajata tudi prehodno obliko k vrsti Uvigerina
aculeata. Tak$no obliko sem naila skupaj z Uvigerina venusta venusta Fran-
zenau v laporju zahodnih Slovenskih goric. Na sliki (tab. 2, sl. 10) so starejSe
kamrice okraZene s podolZnimi rebri, medtem ko so mlajie posejane z bodicami.

Foraminifera Uwvigering venusta venusta Franzenau je znalilna; prvi¢ se
pojavi v tretji istoimenski tortonski bioconi in seZe do konca morskega razvoja
tortona.

Uvigerina venusta liesingensis Toula
Tabla 2, si. 11
1953 Uvigerina venusta liesingensis Toula — Papp & Turnovsky,
str. 126, tab. 5, odd. B, sl. 11, 12,
1963 Uvigerina venusta liesingensis Toula — Papp, str. 250, tab. 4, sl. 21—23.
HiSica je precej velika, dolZzina variira od 0,70 do 1,00 mm, &irina pa od
0,35 do 0,45 mm. Sestoji iz 10 do 15 kamric. Preni prerez je ovalen. Sivi so

mo&no poglobljeni. Kamrice so okrasene s podolZnimi rebri po celi higici. Ustje
se nahaja na srednje dolgem vratu in je nekoliko raz3irjeno.

Vrsta se prvi¢ pojavi v bioconi Uvigerina cf. pygmaea, ki ustreza zgornjemu
delu cone pestenih hisic v Dunajski kotlini. Vrsta je mnogo3tevilna v naslednji
bioconi Uwigerina venusta liesingensis, ki je po njej imenovana.

4 — Geologlja 2U/II
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Uvigerina cf. pygmaea d’Orbigny
Tabla 2, sl. 12

1826 Uvigerina pygmaea d’Orbigny — d’Orbigny, str. 269, tab. 12, sl. 8—9
(Catalogue of Foraminifera).

1953 Uvigerina cf. pygmaea d’'Orbigny — Papp & Turnovsky, str. 127,
tab. 5, odd. B, sl. 9—10.

HiSica je sorazmerno majhna in sestoji iz 9 do 11 kamric. Njena dol%ina je
0,57 do 0,70 mm, Sirina pa 0,25 do 0,30 mm. Nekateri primerki so zelo vitki.
Zadnji dve kamrici sta posejani nepravilno s kratkimi bodicami, ostale pa imajo
longitudinalna rebra. Ustje je terminalno, na precej dolgem vratu in malo
raz§irjeno. )

Vrsta je zelo znalilna zaradi majhne vertikalne razdirjenosti. Nahaja se
samo v Cetrti tortonski bioconi, ki ustreza zgornjemu delu cone pe$€enih higic
v Dunajski kotlini. Ta biocona je dobila ime po tej karakteristi¢ni vrsti.

Uvigerina aculeata aculeata d’Orbigny
Tabla 2,51, 13

1846 Uvigerina aculeata d’'Orbigny — d’Orbigny, str. 191, tab. 11, sl. 27, 28.
1853 Uvigerina aculeata aculeata d'Orbigny — Papp & Turnovsky,
str. 127, tab. 5, odd. A, sl. 12,

HiSica je srednje velika, sestavljena iz 8 do 10 kamric. Dolina variira od
0,65 do 0,75 mm, 3irina pa od 0,25 do 0,30 mm. Je valjasta in nepravilno po-
sejana s kratkimi bodicami. Sivi so pri nekaterih oblikah slabo vidni, ker jih
prekrivajo bodice. Na precej visokem vratu je ustje, ki se na koncu lijakasto
razSiri.

Vrsta je znatilna za biocono Uwvigerina grilli, kjer je 3tevilno zastopana.
Redki primerki se nahajajo tudi v bioconi Uvigering venusta venuste.

2. skupina Uvigering semiornata semiornata
Uvigerina semiornata semiornata d’'Orbigny
Tabla 2,5l 14

1846 Uwvigerina semiornata d'Orbigny — d'Orbigny, str. 189, tab. 11,
sl. 23—24.

1951 Uvigerina urnula var. semiornata d'Orbigny — Marks, str. 62.

1953 Uvigerina semiornata semiornata d’'Orbigny — Papp & Turnovsky,
str. 128, tab. 5, odd. C,sl. 1, 3, 7.

Hidica je srednje velika, dolga 0,70 do 0,95 mm in Siroka 0,27 do 0,43 mm.
Sestoji iz 8 do 10 triserialno razvri¢enih, moéno konveksnih kamric, ki so lo-
&ene ena od druge z globokimi Sivi. Kamrice so okradene s 3tevilnimi finimi
podolZnimi rebri, ki segajo priblizno do polovice zadnje kamrice. Pri nekaterih
primerkih je zadnja kamrica gladka. Na precej visokem vratu je ust]e, ki se
na koncu lijakasto razsiri.
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Nase oblike delno ustrezajo opisu in sliki po A. Pappu & K. Turnov-
skem (1953). Razlika obstoji v velikosti; nasi primerki so vedji, kar kaZe na
ugodne ekoloSke pogoje.

Vrsta nastopa v vseh bioconah razen biocone Uvigerina venusta liesingensis.
Zaradi velike vertikalne razdirjenosti ni znadilna za biostratigrafijo. V filo-
genetskem pogledu je zelo pomembna; iz nje so se razvile mnoge podvrste, ki
imajo vetjo vlogo v biostratigrafiji srednjetortonskih plasti.

Uvigering semiornata urnula d’'Orbigny
Tabla 2, sl. 15

1846 Uvigerinag urnula d’'Orbigny — d'Orbigny, str. 189, tab. 11, sl. 21, 22,

1951 Uvwigerina urnulea d’Orbigny — Marks, str. 62,

1953 Uvigerina semiornata urnula d'Orbigny — Papp & Turnovsky,
str. 129, tab. 5, odd. C, sl. 2, 6.

HiSica je srednje velika, dolzina variira od 0,70 do 0,80 mm, Sirina pa od
0,25 do 0,30 mm. Sestoji iz 10 kamric, ki so lofene med seboj z globokimi Sivi.
Kamrice so ckraSene s podolZnimi rebri in segajo nekako do polovice hiSice.

Ta podvrsta se nahaja v laporju biocone Uvigerina venuste venusta in Uvi-
gerina cf. pygmaea.

Uvigerina semiornata brunnensis Karrer

1953 Uwigering semiornata brunnensis Karrer — Papp & Turnovsky,
str. 130, tab. 5, odd. C, sl. 8.

HiSica je precej velika, dolga je 1,00 mm, Siroka pa okoli 0,30 mm. Sestoji
iz 10 kamric, ki so okrafene s podolZnimi rebri razen zadnje kamrice. Na
srednje dolgem vratu je ustje, ki se na koncu lijakasto razdiri.

Podvrsto sem na8la v glinastem laporju biocone Uvigerina venusta venusta
in Uvigering cf. pygmaea.

Uvigerina pygmoides Papp & Turnovsky
Tabla 2, sl. 16

1846 Uvigering pygmaea d'Orbigny — d’'Orbigny, str. 190, tab. 11,
sl. 25—26.

1951 Uwigering venusta Franzenau — M arks, str. 62.

1953 Uwigerina pygmoides n. sp. — Papp & Turnovsky, str. 131, tab. 5,
odd. C, sl 4.

HiSica je dolga 0,90 do 1,00 mm in $iroka 0,45 mm. Sestoji iz 10 kamric, ki
se kon&ajo spodaj in zgoraj bolj konifasto. Kamrice so ornamentirane s 3te-
vilnimi finimi podolinimi rebri prav do ustja. Vrat je navadno kratek in $irok.

V zashodnih Slovenskih goricah sem na$la vrsto v laporju, ki je bolj apnen
in pripada bioconi Uwigerine grilli in Uvigerina venusta venusta. Enaka raz-
irjenost se kafe v Dunajski kotlini, kjer se nahaja v redkih primerkih Se
v spodnjem delu naslednje biocone Uvigerina ¢f. pygmaea ali v zgornjem delu
cone peXtenih hiSic.
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Tabela 3. Stratigrafska razlirjenost uvigerinskih vrst in podvrst v zahodnih
Slovenskih goricah

Table 3. Stratigraphic distribution of Uvigerina species and subspeeies in
Western Slovenske Gorice

a
leata

aculeata d ’Orbigny

Biocona

Biozone

ensi
vigerina cf.

Papp & Turnovsky
lgel‘lna acu

Uvigerina macrocarinata
Uvigerina grilli Schmid
pygmaea d’Orbigny
Uvigerina semiornata
semiornata_d’Orbigny
Uvigerina semiornata
urnula d'Orbigny
Uvigerina semiornata
brunnensis Karrer
Uvigerina pygmoides
Papp & Turnovsky

Uvigerina venusta

liesi

venusta Franzenau
I-U

Uvigerina venusta

Uv

Uvigerina
venusta liesingensis

Uvigerina
cf. pygmaea

Uvigerina
venusta venusta

Uvigerina
grilli

Torton — Tortonian

Uvigerina
macrocarinata

Vertikalno razEirjenost uvigerinskih vrst kaZe tabela 3.

V Dunajski kotlini sta helvetske in tortonske uvigerine detajlno obdelala
A Papp & K. Turnovsky (1953), Dolofila sta tri nove tortonske vrste.
'V tabeli sta prikazala vertikalno razdirjenost uvigerin in njihov stratigrafski
pomen v conah in podconah. Veliko teh uvigerin sem nafla tudi v zahodnih
Slovenskih garicah. Primerjava je pokazala v glavnem enako razgirjenost.

Uvigerine so zelo znaédilne pri detajlnem coniranju tortonskih sedimentov.
Z njihovo pomotjo sem dolo&ila 5 biocon. Raziskave so pokazale, da so ugod-
nejSe za coniranje kot pa planktiéne foraminifere. Vse uvigerine kaZejo na
morski razvoj plasti. Najbolj pogoste so v laporju, ki je mestoma glinast,
pesten ali apnen. Po Nortonovi klasifikaciji so uvigerine prisotne od cone B do
D, tj. globina morja od 9 do 5510 m in pri temperaturi vode 2 do 24 °C.

Rod: Eiphidium de Montfort 1808

Rod Elphidium je itevilno zastopan v zahodnih Slovenskih goricah tako po
individuih kot po vrstah. Pri obdelavi posameznih vrst sem rabila delo
A. Pappa (1983), ki je sistemati¢no obdelal rod Elphidium in ga razdelil na
naslednje skupine:
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skupina primitivnih elfidijev

. skupina Elphidium crispum

. skupina Elphkidium ungeri

. skupina zelo skulpturiranih elfidijev

Na ozemlju zahodnih Slovenskih goric pridejo v poStev 1., 2 in 4. skupina.

ali il - Rl

1. skupina primitivnih elfidijev
Elphidium obtusum (d’Orbigny)

1846 Polystomella obtusa d'Orbigny — d’'Orbigny, str. 123, tab. 6, sl. 5, 6.
1963 Elpkidium obtusum (d’Orbigny) — Papp, str. 261, tab. 9, sl. 4.

Na3a oblika ustreza opisu in sliki po A. d’Orbignyju iz leta 1846. Prav
tako se ujema z opisom in s fotografijo A. Pappovega (1963) primerka.
Vrsta je zelo redka v glinastem laporju prve sarmatske biocone.

Elphidium artoninum (d'Orbigny)
Tabla 3, sl. 1

1846 Polystomella antonina d’'Orbigny — d’Orbigny, str. 128, tab. 6, sl. 17
in 18.

1939 Elphidium antoninum (d'Orbigny) — Cushman, str. 43, tab. 11, sl. 14.

1963 Elphidium antoninum (d’Orbigny) — Papp, str. 262, tab. 10, sl. 3—3.

Hisica je srednje velika, v&asih malo stisnjena. Od zunaj se vidi 11 kamric.
Nekateri primerki so malo izbofeni na umbilikalni strani. Sivi so jasni, malo
vtisnjeni. Stene so fino perforirane. Septalni mostovi so dobro vidni. Ustje na
bazi zadnje kamrice je dobro vidno.

Opisana vrsta se razlikuje od d’Orbignyjeve po velikosti. Nasi primerki so
znatno veéji, njihov premer znasa 0,35 do 0,45 mm, po d’Orbignyju pa 0,25 mm.
P. Marks (1951) je opisal obliko iz Dunajske kotline ob priliki revizije mio-
censkih foraminifer in navedel premer 0,35 mm.

Vrsto sem nasla pri Benediktu v glinastem laporju druge sarmatske biocone,
ki pripada spodnjemu sarmatu, tj. volinu.

Elphidium hauerinum (d’Orbigny)
Tabla 3, sl. 2

1846 Polystomelle hauerine d’Orbigny — d’Orbigny, str. 122, tab. 6,
sL 1, 2.

1939 Elphzdzum hauerinum (d'Orbigny) — Cushman, str. 42, tab. 11, sl. 9.

1951 Elphidium hauerinum (d’Orbigny) — Marks, str. 52.

1963 Elphidium hauerinum (d’Orbigny) — Papp, str. 262, tab. 10, sl. 6.

Hifica je sorazmerno majhna, periferija je firoko zaokroZena, umbilikalni
del pa vtisnjen. Sestoji iz 9 kamric, ki so jasno izrazene, malo nabrekle. Ustje
sestoji iz $tevilnih malih odprtin na bazi sprednje ustne strani.
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Vrsto Elphidium antoninum je oéitno tezko lo¢iti od vrste Elphidium hau-
erinum. To se vidi iz nekaterih del R. Grilla (1943), kjer avtor to oblike
oznaduje kot Elphidium hauerinum-entoninum. Vrsta je zelo znaéilna, ker ima
majhno vertikalno razSirjenost. R. Grill (1941) je dal po njej ime drugi
sarmatski bioconi. Pri nas je ta vrsta bolj redka in se nahaja skupaj z vrsto
Elphidium antoninum v glinastopeS$tenem laporju pri Benediktu.

2. skupina FElphidium crispum
Elphidium crispum (Linné)
Tabla 3, sl. 3
1846 Polystomella crispa d'Orbigny — d’Orbigny, str. 125, tab. 6, sl. 9—14,
1939 Elphidium crispum (Linné) — Cushman, str. 50, tab. 13, sl. 17—21.
1951 Elphidium crispum (Linné) — Marks, str. 51.
1963 Elphidium crispum (Linné) — Papp, str. 264, tab. 7, sl. 2; tab. 8, sl. 1—5;
tab. 9, sl. 1—2.

Na3e oblike popolnoma ustrezajo opisom in slikam A. d’Orbignyja
(1846), J. A. Cushmana (1939), P. Marksa (1951) in A. Pappa (1963).
Vrsto Elphidium crispum sem na$la v vseh tortonskih bioconah v malodtevilnih
primerkih v glinastem, apnenem in pe$enem laporju.

3. skupina Elphidium ungeri

V zahodnem delu Slovenskih goric predstavniki te skupine niso zanesljivo
doloéeni. Nekatere oblike so podobne vrsti Elphidium ungeri; ker so primerki
slabo ohranjeni, niso prisli v postev za determiniranje.

4. skupina zelo skulpturiranih elfidijev

V to, zadnjo skupino je A, Papp pristel veliko elfidijskih vrst; nekatere
sem na$la tudi na raziskanem obmo&ju. Med temi so: Elphidium fichtelianum
fichtelianum (d’Orbigny), E. flexuosum grilli Papp, E. aculeatum aculeatum
(d’Orbigny), E. josephinum (d’Orbigny) in Elphidium reginum (d’Orbigny).

Elphidium fichtelianum fichtelianum (d’Orbigny)

Tabla 3, sL 4
1846 Polystomella fichtelliana d’'Orbigny — d’Orbigny, str. 125, tab. 6,
sl. 7, 8.
1939 Elphidium fichtellianum (d’Orbigny) — Cushman, str. 42, tab. 11,
sl. 12,

1951 Eiphidium fichtelianum (d’Orbigny) — Marks, str. 52, tab. 6, sl. 12.
1963 Elphidium fichtelianum fichtelianum (d’Orbigny) — Papp, str. 268,
tab. 11, sl 1, 2.

Vrsta Elphidium fichtelianum fichtelianum iz zahodnih Slovenskih goric
ustreza opisom in slikam starejsih avtorjev, ki so raziskovali Dunajsko kotlino.
Vrsta ni znatilna, Javlja se redko v laporju spodnjetortonskih in srednjetor-
tonskih biocon.
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Elphidium sp.
Tabla 3, sl. 5

Nafa oblika Elphidium sp. je precej podobna vrsti Elphidium flexuosum
grilli Papp. Razlikuje se od te oblike po neizrazitem gredlju in po popku, zato
sem jo ozna&ila samo kot Elphidium sp.

Pri nas ta oblika ni zna&ilna, ker nastopa v vseh sarmatskih bioconah.
V Dunajski kotlini se nahaja %e v zgornjem tortonu, tj. v bioconi Ammonia
beccarii, ki je razvita braki¢no.

Elphidium aculeatum aculeatum (d’Orbigny)

1846 Polystomella aculeats d’Orbigny — d’Orbigny, str. 131, tab. 6, sl 27
in 28.

1939 Elphidium aculeatum (d'Orbigny) — Cushman, str. 44, tab. 11, sl. 16.

1951 Elphidium aculeatum (d’'Orbigny) — Marks, str. 50, tab. 6, sl. 11a, b.

1963 Elphidium aculeatum aculeatum (d’Orbigny) — Papp, str. 274, tab. 11,
sl. 7.

Podvrsto Elphidium aculeatum aculeatum (d’Orbigny) sem na$la pri Malni
v prvi sarmatski bioconi, pri Polici pa v tretji. Nadi primerki se dobro ujemajo
s primerki iz Dunajske kotline. Podvrsta je znalilna zato, ker se nahaja samo
v sarmatu.

Elphidium josephinum (d’Orbigny)

1846 Polystomella josephina d'Orbigny — d’'Orbigny, str. 130, tab. 6
sl. 25, 26,

1939 Eiphidium josephinum (d’Orbigny) — Cushman, str. 43, tab. 11, sl. 15.

1963 Elphidium josephinum (d’Orbigny) — Papp, str. 274, tab. 11, sl. 6.

Foraminifera Elphidium josephinum je precej podobna podvrsti Elphidium
aculeatum aculeatum (d’Orbigny), vendar ima mo&neja rebra in je ve&ja. Pri
obeh se rebra podalj$ajo v bodice.

Foraminifero Elphidium josephinum (d’Orbigny) sem nasla v laporju na
Beneditkem vrhu in v Ba&kovi. Lapor pripada drugi sarmatski bioconi.

Elphidium reginum (d’Orbigny)
Tabla 3, sl. 6

1846 Polystomella regina d’'Orbigny — d'Orbigny, str. 129, tab. 6, sl. 23, 24.
1951 Elphidium reginum (d’Orbigny) — Marks, str. 53.
1963 Elphidium reginum (d'Orbigny) — Papp, str. 275, tab. 11, sl. 8.

Hiica je precej velika, nekoliko stisnjena in sestoji iz 11 do 20 kamric. Za
to vrsto so znatilne dolge bodice. Nekateri primerki jih imajo 3, nekateri 5.
Stene so gladke in fino perforirane. Sivi so jasno izraZeni in zaviti. Na pri-
merkih se dobro vidijo septalni mostovi. Ustje sestoji iz $tevilnih majhnih
odprtin, ki se nahajajo v bazi na sprednji ustni strani. Premer 0,30 do 1,25 mm,
debelina 0,15 do 0,40 mm.
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Vrsto so opisali A. d’Orbigny (1846), P. Marks (1951) in A. Papp
(1963). Naii primerki se ujemajo z njihovimi opisi. Vrsta ima majhno vertikalno
razdirjenost. Prav zato je R. Grill (1941) po njej poimenoval prvo sarmatsko
biocono. V zahodnih Slovenskih goricah je foraminifera Elphidium reginum
redka, razen pri Zenjaku, kjer zamenja foraminifero Cibicides badenensis.
Nahaja se v laporju prve sarmatske biocone, v viSje leZetem laporju vrste
nisem na$la.

Rod: Protelphidium Haynes 1956
Protelphidium subgranosum (Egger)
Tabla 3, sl. 7

1848 Nonionina granosa d’Orbigny — d’Orbigny, str. 110, tab. 5, sl. 19, 20.

1857 Nonmionina subgranosns Egger — Egger, str. 299, tab. 14, sl. 16—18
{Catalogue of Foraminifera).

1958 Porosononion subgranosum (Egger) — Putrya, str. 135 (Catalogue of
Foraminifera).

1974 Protelphidium ex gr. granosum (d'Orbigny, 1826) — Brestenska,
str. 263, tab. 8, sl. 4.

HiSica je planspiralna in skoraj involutna. Periferija je nekoliko sploSena
in zaokroZena. Na zunaj sestoji iz 8 do 11 kamric. Stene so gladke, perforirane
in zrnate strukture. Sivi so jasni, malo vtisnjeni in nekoliko ukrivljeni. Umbili-
kalni del je zapolnjen s sekundarnim materialom. Ustje je interiomarginalno
in ekvatorialno. Premer: 0,30 do 0,55 mm, debelina 0,10 do 0,20 mm.

Foraminifero Protelphidium subgranosum je treba detajlno preutiti, ker
ne vemo, ali gre za vrsto Nonionina granosa, opisano po A. d’Orbignyju,
ali pa za vrsto Nonionina subgranosa, opisano po J. G. Eggeru (1857). Po
slikah sklepam, da gre tu za dve vrsti, oziroma podvrsti. Za sedaj sem zadrzala
ime Protelphidium subgranosum (Egger). Pri nas je ta oblika zelo znatilna,
ker se pojavi prvi¢ v tretji sarmatski bioconi, ki pripada besarabu. Do enakih
rezultatov so prisli tudi nekateri drugi raziskovalci v centralni Paratetidi.
R.Grill (1941) je dal po foraminiferi Nonion granosum ime tretji sarmatski
bioconi.

Vrsta Protelphidium subgranosum (Egger) je #tevilna v glinastem laporju
besarabskih usedlin v zahodnih Slovenskih goricah.

Protelphidium tuberculatum (d’Orbigny)

1846 Nonionina tuberculata d'Orbigny — d’Orbigny, str. 108, tab. 5, sl.
13—14.

1964 Protelphidium tuberculatum (d’Orbigny} — Loeblich & Tap pan,
str. C 640, tab. 512, sl. 2—4.

Hijica je planspiralna in involutna. Na zunaj sestoji iz 10 kamric, Stene so
fino perforirane. Sivi so jasni, malo vtisnjeni in nekoliko ukrivljeni, Umbili-
kalni del je zapolnjen s sekundarnim materialom. Ustje je majhno, interiomar-
ginalno. Premer: 0,45 do 0,50 mm, debelina 0,23 do 0,25 mm.
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Vrsto Protelphidium tuberculatum sem nalla v glinastem laporju. Ta vrsta
se javlja v vet primerkih %e v zgornjem delu druge biocone, medtem ko je
v tretji sarmatski bioconi stalen spremljevalec foraminifere Protelphidium sub-
granosum (Egger).

Tabela 4. Stratigrafska razdirjenost elfidijev in protelfidijev v zahodnih Sloven-
skih goricah

Table 4. Stratigraphic distribution of Elphidium and Protelphidium taxa in We-
stern Slovenske Gorice

Biocona

Biozone

Elphidium obtusum (d’Orbigny)
Elphidium antoninum (d’'Orbigny)
Elphidium hauerinum (d’Orbigny)
Elphidium crispum (Linné)
Elphidium fichtelianum fichtelianum
{d *Orbigny)
Elphidium flexuosum grilli Papp
Elphidium aculeatum aculeatum
(d’Orbigny)
Elphidium josephinum (d’Orbigny)
Elphidium reginum (d’Orbigny)
Protelphidium subgranosum (Egger)
Protelphidium tuberculatum
{d *Orbigny)

Protelphidium
subgranosum

Elphidium
hauerinum

Elphidium reginum ali
Cibicides badenensis

Sarmat-Sarmatian

Uvigerina venusta |
liesingensis |

Uvigerina
cf. pygmaea

Uvigerina
venusta venusta

Uvigerina
grilli

Torton ~ Tortonian

Uvigerina
macrocarinata
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Vertikalno razdirjenost rodov Elphidium in Protelphidium kaZe tabela 4.
Iz tabele je vidno, da je najvedji del elfidijev zastopan v braki¢nih sarmatskih
sedimentih. V morskih tortonskih plasteh sem nagla samo Elphidium crispum
(Linné) in Elphidium fichtelianum fichtelianum (d’Orbigny).

EXidiji in protelfidiji so po R. D. Nortonu {cit. po Pokoerny, 1958,
125) prebivalci cone A, tj. litorala do globine 9m pri temperaturi vode 21 do
31°C.

NovejSe raziskave recentnih foraminifer v Jadranskem morju so pokazale,
da Zivijo vrste Elphidium crispum (Linné) in Elphidium aculeatum (d’Orbigny)
Se danes v globini 1 m do 40 m. Pri ustju Dragonje so elfidiji najbolj pogosti
v globini enega do dveh metrov, kjer je zaradi pritoka sladke vode okolje bra-
ki¢no (F. Cimerman & K. Drobne, 1977).

Rod: Cibicides Montfort 1808

Nekatere vrste roda Cibicides so znalilne za biostratigrafijo zgornjetorton-
skih in spodnjesarmatskih usedlin. Najbolj pomemben je Cibicides badenensis
(d’Orbigny), ki je 3tevilen v prvi sarmatski bioconi. V tortonskih plasteh se
nahaja pogosto Cibicides lobatulus (Walker & Jacob).

Cibicides badenensis (d’Orbigny)

Tabla 3, sl. 8
1848 Anomalina badenensis d’Orbigny — d'Orbigny, str. 171, tab. 10,
sl. 1--3.
1967 Anomalinoides dividens Luczkowska — Luczkowsk a, str. 238, text.
sl. 8—17.

1968 Cibicides badenensis (d'Orbigny) — Sikié, str. 122.
1974 Anomalinoides badenensis (d’Orbigny) — Brestenska , str. 267, tab.
9, sl. 18,

Hi¥ica je trohospiralna, evolutna. Sestoji iz sedmih ali ve¢ kamric, Stene so
fino perforirane. Sivi so jasni in nekoliko viisnjeni. Ustje je interiomarginalno,
obdano z majhno ustnico. Premer: 0,50 do 0,70 mm, debelina 0,20 do 0,35 mm.

V literaturi je vrsta opisana pod razli#nimi imeni. Roda Cibicides in Anoma-
linoides sta si zelo podobna; zato ju je tezko loditi. Poleg tega so na¥i primerki
slabo ohranjeni ali pa zapolnjeni z materialom, ki ga je tezko odstraniti. Na
sestanku delovne skupine za Paratetido v Smolenicah leta 1973 sta dobili E.
Luczkowska in L. S. Pishvanova nalogo da revidirata vrsto Cibici-
des badenensis, oziroma Anomalinoides badenensis ali Anomalinoides dividens.

V svojem delu uporabljam ime Cibicides badenensis (d’Orbigny), ki se naj-
bolj pogosto uporablja. Foraminifero sem nasla v vzorcih glinastega in pe3te-
nega laporja pri Malni, Ledineku in Zerjaveih.

3. ostrakodi

Pomembne ostrakedne vrste se pojavijo ele v sarmatskih usedlinah. V za-
hodnih Slovenskih goricah prideta v poStev Cytheridea hungarica Zalanyi in
Haplocytheridea dacica dacica (Héjjas). Nadla sem Se nekaj drugih oblik, ki pa
nimajo vedjega biostratigrafskega pomena.
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Rod: Cytheridea Bosquet 1852
Cytheridea hungarica Zalanyi
Tabla 3, sl. 9

1943 Cytheridea aff. muelleri Munster — Grill, str. 39, tab. 6, sl. 4

1960 Cytheridea hungarica Zalanyi — Kollmann, str. 150, 151, tab. 1, sl
1 a—c, tab. 6, sl. 17, 18, tab. 8, sl. 1—9.

1974 Cytheridea hungarica Zaldnyi — Cernajfek, str. 470, tab. 2, sl. 1, 2.

Vrsta je opisana pod ve imeni. Nadi primerki ustrezajo opisu in slikam po
K. Kollmannu (19680 a). Vrsto sem nasla v prvi sarmatski bioconi, ime-
novani Cibicides badenensis ali Elphidium reginum. Zaradi majhne vertikalne
razSirjenosti je zelo znadilna, Nahaja se v glinastem in peSéenem laporju pri
Dra%en vrhu, Malni, Zitencah in v apnenoglinastem laporju pri Sp. Por¢i¢u in
jufno od Zenjaka. Tu se javlja skupaj s foraminifero Eilphidium reginum
{d@’Orbigny), najbolj pogosto pa spremlja foraminifero Cibicides badenensis
(¢’ Orbigny).

Rod: Haplocytheridea Stephenson 1936
Haplocytheridea dacica dacica (Héjjas)
Tabla 3, sl. 10

1960 Haplocytheridea dacice dacica (Héjjas) — Kollmann, str. 140, tab. 2,
sl. 3 a—c¢, tab. 9, sl. T—17.
1974 Haplocytheridea dacica dacica (Héjjas) — CernajSek, str. 472, 473.

Vrsta je bila opisana pod razli¢nimi imeni, Opis in slika ustrezata nadim
primerkom. Haplocytheridea dacica dacice (Héjjas) se pojavi v drugi sarmatski
bioconi in se nadaljuje v tretjo. Vrsto sem nadla v peitenem in glinastem la-
porju. Ta vrsta se javlja v neogenskih usedlinah Avsirije Ze v zgornjehelvet-
skih, spodnjetortonskih, spodnjesarmatskih usedlinah in v spodnjem delu sre-
dnjesarmatskega profila skupaj s foraminifero Protelphidium subgranosum
(Egger). Zanimivo je, da nastopa v avstrijskem delu Stajerske kotline jugoza-
hodno od Gnasa v usedlinah enake starosti kot pri nas.

Na podlagi te vrste so dokazane spodnjesarmatske in srednjesarmatske plasti.
O. Spajié (1972, neobjavljeno delo, 1973) je po makrofavni dolodila enako
starost plasti.

4 spremljevalna favna

Na raziskanem obmotju je spremljevalna foraminiferna favna zelo bogata
z vrstami. Vendar vzorci navadno ne vsebujejo znalilnih vrst, zato je treba
upoitevati celotno zdruZbo, ki ima prav tako velik biostratigrafski pomen. Od
spremljevalne favne se pogosto nahajajo v vzorcih pomembne oblike, npr. La-
genidae. Po njih je dal R. Grill (1941) ime spodnji in zgornji lagenidni coni.
Po novejéi sistematiki (Loeblich & Tappan, 1964) ne ohstaja veé druzi-
na Lagenidae. Veéina teh oblik pripada sedaj dru?inam Nodosariidae in Eouvi-
gerinidae. Nekateri rodovi, oziroma vrste so primerne za definiranje tortonskih
con (R. Grill, 1941).
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Biostratigrafski pomen imajo tudi foraminifere s pefeno hiSico. V Dunajski
kotlini so tako §tevilne, da je dobila srednjetortonska biocona po njih svoje ime.
V enako starih plasteh srednjega tortona sem na$la v zahodnih Slovenskih
goricah naslednje foraminiferne vrste s peffeno hi$ico: Bathysiphon filiformis
Sars, Bathysiphon taurinensis Sacco, Ammodiscus incertus (d’Orbigny), Haplo-
phragmoides sp., Spiroplectamming carinate (d’Orbigny), Textularia sp., Bige-
nering sp., Martinottiella communis (d’Orbigny) in Pavonitina styriaca Schu-
bert (tabla 3, sl. 11 do 15).

Od nastetih vrst se nekatere pojavijo prvi¢ v doleéenih bioconah, npr. Ammo-
discus incertus (d’'Orbigny), Haplophragmoides sp., Bigenerina sp. in Pavonitina
styriaca Schubert. Posebno zadnja je ozko vezana na biocono Uvigerina of.
pygmaea in Urvigerina venusta liesingensis.

Foraminifere iz druzin Nodosariidae in Eouvigerinidae so $tevilno zastopane
z rodovi in vrstami v laporasto-glinastem faciesu spodnjega tortona ali v bioconi
Uvigerina macrocarinata in Uvigerina grilli. :

Na raziskanem obmotju sem na3la v pe3tenem laporju 3tevilno foramini-
ferno zdruZbo: Nodosaria bacillum Defrance, Nodosaria longiscata d’Orbigny,
Frondicularia pancicana Pavlovit, Lenticulina ariminensis (d'Orbigny), Lenti-
culing calcar (Linné), Lenticulina cassis (Fichtel & Moll), Lenticulina cultrata
(Montfort), Lenticulina echinata (d’Orbigny), Lenticulina orbicularis (d’Orbig-
ny), Marginuling hirsuta d’Orbigny, Marginulinopsis pedum (d’Orbigny), Pla-
nularig sp., Vaginulina cf. badenensis d’'Orbigny, Lingulina costata d’Orbigny.
V glavnem nastopajo te oblike v spodnjetortonskih plasteh, medtem ko so
v srednjem tortonu redke. Plasti z bogato foraminiferno favno so zelo tipitne
in se lahko lo&ijo od mlajsih tortonskih biocon (tabla 3, sl. 16 in tabla 4, sl. 1
do 8).

Od drugih foraminifer so pogostne Articulina sarmatica Karrer, Sphaeroidi-
na bulloides d’Orbigny, Bolivine dilatata Reuss, Siphonodoseria adolphina
(d’Orbigny), S. elegans (d’Orbigny), S. pauperata (d’Orbigny), S. verneuilii
{d’Orbigny), Bulimina elongate d’Orbigny, Bulimina pupoides d’Orbigny, Val-
vulineria complanata (d'Orbigny), Asterigerina planorbis d’Orbigny, Ammonia
beccarii (Linné€), Amphistegina hauerina d'Orbigny, Planulina wuellerstorfi
(Schwager), Stainforthia schreibersiana (Czjzek), Chillostomelin sp., Allomor-
phina trigona Reuss, Pullenia bulloides d’Orbigny, Anomaling sp., Caucasina
lalova Venglinskij, Melonis soldanii (d’Orbigny) in Hoeglundina elegang (d’Or-
bigny) (tabla 4, sl. 9 do 16).

Med pomembnimi vrstami so Articulina sarmatica Karrer, Bolivina dilatata
Reuss, Ammonia beccarii (Linné), Planulina wuellerstorfi {Schwager), Anoma-
lina sp., Caucasina lalova Venglinskij in Hoeglundina elegans (d'Orbigny).

Prva, Articulina sarmatica Karrer se pojavi v drugi sarmatski bioeoni in
kaZe na brakiZni razvoj volinskih plasti. Druga je zelo pogosta v zgornjem tor-
tonu in spremlja pomembno foraminifero Uvigerina venusta liesingensis Toula.
Po njej sklepam na morsko sedimentacijo. Tretja, Ammonia beccarii (Linné)
je znana iz tortonskih in sarmatskih usedlin. V tortonu nastopa posami&no, po-
sebno Stevilna in majhne rasti je v sarmatu, kar kaZe na zmanjlano slanost,
oziroma na braki¢no vodo. Planulina wuellerstorfi (Schwager) in Anomaline
sp. sta prisotni v starejSih tortonskih plasteh, posebno Planulina, ki nastopa
skupaj z vrsto Uvigerina macrocarinata Papp & Turnovsky. Obe sta tipiéni
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predstavnici morskega okolja. Foraminiferi Caucasina lalova Venglinskij in
Hoeglundine elegans (d’Orbigny) sem na$la v srednje in zgornjetortonskih
plasteh.

Sklep

Po pomembnosti mikrofavne za siratigrafsko horizontiranje sem razdelila
mikrofavno na Stiri skupine: velike foraminifere, 2. male foraminifere {plank-
titne in bentitne), 3. ostrakoda in 4. spremljevalna favna.

Od velikih foraminifer sem dolo&ila rod Heterostegina, ki je zastopan z vr-
stami in podvrstami Heterostegina costata costata d’Orbigny, H. ex gr. costata
d’ Orbigny in H. granulatatesta granulatatesta Papp & Kiipper. Nasla sem Se
eno obliko, ki sem jo oznatila kot Heterostegina sp.; ofitno gre za novo vrsto.

Male foraminifere so zelo znatilne za biostratigrafijo tortonskih in sarmat-
skih usedlin v zahodnem delu Slovenskih goric. S pomoéjo plankti¢nih fora-
minifer sem razmejila tortonske plasti od helvetskih. Za nadrobnejso razéleni-
tev ne pridejo v poStev, ker so maloitevilne in brez znalilnih oblik. Od plank-
ti*nih foraminifer sem dolodila rodove Globorotalia, Globigerina, Globigerino-
ides in Orbulina, razdirjene v bioconah Uvigerina macrocarinata, Uvigerina
grilli, Uvigerina venusta venusta, Uvigerina cf. pygmaea in Uvigerina venusta
liesingensis, Benti¢ne foraminifere so prisotne s 3tevilnimi rodovi v tortonskih
in sarmatskih usedlinah. Najbolj znadilni so rodovi Uvigerina, Elphidium, Pro-
telphidium in Cibicides.

Za biostratigrafijo je posebno znaéilen rod Protelphidium z vrstama Protel-
phidium subgranosum (Egger) in P. tuberculatum (d'Orbigny). Rod Elphidium
je zastopan v vseh tortonskih in sarmatskih bioconah, rod Protelphidium pa
samo v zgornjem delu sarmatske biocone Elphidium hauerinum in biocone
Protelphidium subgronosum. Rod Cibicides je zastopan z zelo znatilno vrsto
Cibicides badenensis (d’Orbigny). Po njej je dobila svoje ime prva sarmatska
biocona.

Za biostratigrafijo sarmatskih plasti so pomembni tudi ostrakodi. V poitev
prideta dve vrsti, in sicer Cytheridea hungarice Zalanyi in Haplocytheridea de-
ciea dacica (Héjjas).

Foraminiferna favna je na raziskanem obmo&ju zelo bogata z vrstami. Do-
lotila sem 78 vrst.

Prvié so v Sloveniji najdene Frondicularia pancicana Pavlovi¢, Caucasina
ialova Venglinskij in verjetno nova oblika Heterostegina sp.

Na podlagi uvigerinskih vrst in podvrst sem razdelila tortonske plasti na pet
biocon:

Uvigerina venusta liesingensis
. Uvigerina cf. pygmaea

. Uvigerina venusta venusta

. Uvigerina grilli

. Uwigerina macrocarinata

=N WO

Sarmat sem horizontirala na tri biocone:

3. Protelphidium subgranosum

2. Elphidium hauerinum

1. Cibicides badenensis ali Elphidium reginum
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Znatilne so tudi foraminifere iz druzine Nodosariidae in Eouvigerinidae,
Pomembne so 3e foraminifere s pe¥fenimi higicami, zlasti Pavonitina styriaca
Schubert. Pri horizontaciji so bile uporabne tudi naslednje oblike: Articulina
sarmatica Karrer, Bolivina dilatata Reuss, Ammonie beccarii (Linné), Planulina
wuellerstorfi (Schwager), Anomalina sp., Caucasina lalova Venglinskij in Hoe-
glundina elegans (d'Orbigny).
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Tabla 1 — Plate 1

Heterostegina sp. Heterostegina costata costata d’Orbigny
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Tabla 2 — Plate 2

Globorotalia fohsi barisanensis (Le Roy) 150 X
Globorotalia mayeri Cushman & Ellisor ssp. 80 X
Globigerine bulloides d’Orbigny 68 X
Globigerinoides trilobus (Reuss) 60 X
Orbulina bilobata d'Orbigny 55 X
Orbulinag suturalis Bronnimann 52 X
Uvigerina macrocarinata Papp & Turnovsky 46 X
Uvigerina grilli Schmid 60 X
Uvigerina venusta venusta Franzenau 57 X
10 Uvigerina venusta Franzenau 56 X

prehodna oblika k Uvigerina aculeata d’Orbigny
11 Uvigerina venusta liesingensis Toula 32 X
12 Uvigerina cf. pygmaea d’Orbigny 65 X
13 Uvigerine aculeata aculeata d’Orbigny 54 X
14 Uvigerina semiornata semiornate d'Orbigny 54 X
15 Uvigerina semiornata urnula d’Orbigny 52 X
18 Uvigerina pygmoides Papp & Turnovsky 40 X
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Tabla 2 — Plate 2
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Tabla 3 — Plate 3

1 Elphidium antoninum (d’Orbigny) 63 X

2 Elphidium houerinum (d’Orbigny) 100 X

3 Elphidium crispum (Linné) 24 X

4 Elphidium fichtelianum fichtelianum (d’Orbigny) 40 X
5 Elphidium sp. 58 X

6 Elphidium reginum (d'Orbigny) 25 X

7 Protelphidium subgranosum (Egger)

8 Cibicides badenensis (d'Orbigny) 55 X

9 Cytheridea hungarica Zalanyi 30 X

10 Haplocytheridea dacica dacica (Héjjas) 50 X
11 Bathysiphon filiformis Sars 13 X

12 Ammodiscus incertus (d’Orbigny) 15 X

13 Spiroplectamming carinata (d’Orbigny) 28 X
14 Martinottiella communis (’Orbigny) 30 X
15 Pavonitinag styriaca Schubert 21 X

16 Nodosaria bacillum Defrance 12 X
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Tabla 3 — Plate 3
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Tabla 4 — Plate 4

1 Nodosaria longiscata d’Orbigny 16 X

2 Frondicularia pancicana Pavlovi¢ 11 X
3 Lenticulina aeriminensis (d’'Orbigny} 20 X
4 Lenticulina cf. cultrata (Montfort) 20 X
5 Lenticulina echinata ('Orbigny) 20 X

6 Planularia sp.

7 Vaginulinag cf. badenensis d’'Orbigny ¢ X
8 Lingulina costata 18 X

9 Articulina sarmatica Karrer 37 X

10 Bolivina dilaiata Reuss 53 X

11 Siphonodosarie elegans (d’Orbigny) 23 X
12 Bulimina elongata d’Orbigny 58 X

13 Planulina wuellerstorfi (Schwager) 21 X
14 Pullenia bulloides {d’Orbigny) 70 X

15 Anomalina sp. 23 X
16 Melonis soldanii (4'Orbigny) 64 X
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Stratigrafija Bohinjske doline
The stratigraphic sequence of the Bohinj Valley

Toma# Budkovid
Geoloski zavod, 61000 Ljubljana, Parmova 33

Kratka vsebina

Stratigrafsko zaporedje Bohinjske doline med Bohinjsko Bistrico in
Bohinjskim jezerom je bilo na novo razélenjeno. Doslej je bil dokaj
dobro definiran spodnji del profila, ki obsega zgornjetriadne in spodnje-
jurske plasti, ter zgorniji, oligocenski del usedlin. Vmesni del pa so doslej
uvriZali na mejo lias-dogger. Po vrsti Clypeing jurassice je bil sedaj del
teh skladov uvrifen v zgornjo juro, del pa v kredo na podlagi foramini-
ferne zdruzbe in litolodke sestave.

Abstract

The Upper Triassic and Lower Jurassic beds of the Bohinj Valley
have already been well defined Likewise the uppermost part of the
geologic section has been properly assigned to Oligocene. Unsolved re-
mained, however, the question of the stratigraphic position of the inter-
mediate deposits. Unfortunately they have been considered to be of
transitional Liassic-Doggerian character. Now the writer succeeded in
finding a sufficient fossil evidence of their age. Clypeina jurassica from
their lower part points to the Upper Jurassic series, whereas a foramini-
feral assemblage found in their upper part is characteristic of the Lower
Cretaceous rock unit,

Uvod

Raziskovano ozemlje se nahaja v osrednjem delu Bohinja. Obsega grebena
Rudnice in Savnice, zgornjo Bohinjsko dolino ter juZni rob Pokljuske planote
od vrha Studor do vasi Jereka.

Izhodiste za raziskave mi je bilo delo F. Hartla (1920), ki je zbral po-
datke starej8ih avtorjev in jih dopolnil po svojih opazovanjih. Na podlagi 3te-
vilne makrofavne je razlikoval zgornjetriadne in spodnjejurske sedimente.
Problemati¢na je ostala uvrstitev skladovnice laporja, pedtenjaka, konglomera-
ta in apnenca z roZencem, ki jo je postavil na mejo lias-dogger. To zaporedje
sem zaradi njegove nejasne uvrstitve posebej preudil. Pri kartiranju sem sku3al
sestaviti &m bolj popolno zaporedje litostratigrafskih enot, kar pa je bilo tezko
zaradi tektonike in pora$tenosti ozemlja (sl. 1 in 2).
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Triada

Zgornja triada. Vrhova Rudnice in Studorja ter spodnji del Savnice sestoje
iz zgornjetriadnega apnenca z rozenci ter iz plastovitega in grebenskega apnen-
ca. Enake plasti se raztezajo na junem robu pokljuske planote pribli¥no na &rti
planin Poljana—Konjska dolina—Zajamniki.

Spodnji del zgornjetriadnih usedlin tvori plastoviti sivi apnenec z ro¥encem.
V njem sem haSel ostanke dazikladacej in foraminifero Inwolutina gaschei
(Koehn-Zaninetti & Bronnimann), ki dokazuje zgornjetriadno starost.

Na njem sledi najprej pribliZno 10 m debela plast rdedega masivnega mi-
kritnega apnenca brez fosilov in nato plastoviti dachsteinski biopelsparitni ap-
nenec, ki ponekod lateralno prehaja v grebenski biolititni apnenec. V tem ap-
nencu je v bitenjskem kamnolomu F. Hiartel dolo¢il norisko amonitno in
brahiopodno favno. Od mikrofavne pa sem sedaj v plastovitem apnencu nafel
foraminiferi Nodosaria sp. in Involutina sp. ter kodiaceje.

Prehod biomikrita prek biopelsparita v biolitit v zaporedju zgornjetriadnega
apnenca kaZe na dviganje sedimentacijskega bazena, oziroma na zmanj$anje
globine morja.

Jura

Spodnji in srednji lias. V poretju Ribnice, ki se zajeda v pokljusko planoto,
je lepo viden postopen prehod zgornjetriadnega plastovitega apnenca v spod-
njejurski plastoviti apnenec. Podrobno prehoda nisem preuéeval, ampak sem
privzel dva metra debelo plast laporja kot pribli¥no lofnico med sistemoma.

Jurski sistem se pri¢ne z apnencem hierlaskega faciesa, ki nastopa v plasteh,
debelih ve¢ kot dva metra. Apnenec je ponekod rumenkast ali sivkast in se
dobro lomi; viasih so ga rabili za gradbeni kamen. Sestoji iz drobcev organo-
genega materiala — iglie iglokoZcev, brahiopodnih in $koljénih lupin ter
polZjih in amonitnih hific. Na obmo&ju Korit vsebuje spodnji del te skladovnice
tudi vloZke sivega in &rnega biomikrita s hidicami juvenilnih amonitov. V vigjih
delih ‘biosparit lateralno prehaja v oosparit.

V oobiosparitu na obmo&ju Savnice sem nafel foraminifero Involutina lias-
sica Jones, ki dokazuje spodnjejursko starost spodnjega dela tega apnenca.
V zgornjem delu hierlaskega apnenca je F. Hiartel dolodil brahiopodno,
amonitno, $koljéno in ribjo favno srednjega liasa. Zato uvri®amo apnenec hier-
laskega faciesa v spodnji in srednji lias.

HierlaSki apnenec je nastajal v plitvem Selfnem morju, kjer skoraj ni bilo
dotoka terigenega materiala. Po obilici organskega materiala in po oolitih sode&
je morala biti klima v tem gbdobju topla.

Dogger in malm. Na hierlaskem apnencu leZi erozijsko diskordantno ponekod
bazalni konglomerat, v dolini redice Ribnice so v apneni osnovi bloki rozenca
veliki do pet metrov. Na bazalnih plasteh leZi 20 m rdefega laporastega apnen-
ca, ki je laminiran. Nato se v debelini 75 m menjavajo konglomerat, ped¢enjak,
lapor in apnenec. Drobnozrnati peitenjak je laminiran. V apnencu in pef¥enja-

Sl 1. Geoloska karta osrednjega Bohinja
Fig. 1. Geologic map of the Middle Bohinj Valley
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ku se zatno pojavljati pole roZenca. Zbruski laporja in apnenca vsebujejo veliko
radiolarijskih hi$ic, ponekod nakopitenih v radiolarit, ki prehaja v roZenec.

Konglomerat sestoji v glavnem iz prednikov oosparita, biomikrita z radio-
larijami in roZenca. Redki so laporasti prodniki, impregnirani z glavkonitom, in
keratofirski prodniki. Vezivo je kalcedonovoe. Ob potoku Jereka se spodnje,
vetji del klastine usedline, kon&ajo s plastjo apnenega peenjaka, debelo pet
metrov. Nad klasti¢nimi usedlinami prevladuje karbonatni razvoj biomikrita
z radiolarijskimi hiSicami in s polami roZenca. Redkejse so plasti apnenega pe-
8%enjaka; v njem sem nasel algo Clypeina furessica Favre, ki dokazuje zgornje-
malmsko starost plasti v karbonatnem razvoju. Makrofosilov nisem nadel, opazil
pa sem sledove vrtanja in lazenja. Karbonatno-rozenéeva sedimentacija se je
nadaljevala vse do krede.

Konglomerat, pe$Zenjak, lapor in apnenec z ro¥enci so nastajali v globljem
morju. Po H. E. Reinecku in I. B. Singhu (1973) se v recentnem
okolju useda radiolarijsko blato v globini 4000 do 8000 m (R Brinkmann,
1975). V Klastitnem delu sedimentacije je moral biti motan dotok klastitov
s kopnega in plitvega dela morja. Kasneje se je v dobi karbonatne sedimen-
tacije dotok klastinega materiala bistveno zmanjsal. Alga Clypeina jurassica
Favre, ki sem jo naSel v teh pe3¢enjakih, je Zivela v plitvem morju in je bila
v te plasti prinesena.

Stratigrafsko sem skladovnico konglomerata, pestenjaka, laporja in apnenca
z roZenci uvrstil v malm. MoZno je, da spodnji del sega Se v dogger.

Po francoskih podatkih (M. Cousin, 1973) se na obmo&ju Baske grape
nahajajo skladi apnene brete, apnenega pejtenjaka in apnenega konglomerata,
ki se menjavajo s plastmi tankoploifastega apnenca z roZenci in radiolarita.
Kosi v klastitih sestoje iz doggerskih do kimeridgijskih kamenin. Sedimentacija
je zelo podobna kot v Bohinju. Avtor &lanka uvrita skladovnico v kimeridgij-
spodnji titonij.

Kreda

V Bohinju doslej kredni skladi & niso bili znani. Prej so sklade, ki sem jih
oznalil kot kredne, geologi uvri#ali v juro, in sicer na mejo lias-dogger. Skla-
dovnica kredne starosti lezi na obmo&ju SenoZet in v dveh ozkih pasovih pod
narivnima robovoma Rudnice in Savnice ter severno in severovzhodno od vasi
Studor. Gre za fli8, ki le¥i erozijsko diskordantno na zaporedju konglomerata,
peitenjaka, laporja in apnenca z rozenci. Bazalni sedimenti so povsem nesorti-
rani in slabo sortirani. Nastali so verjetno pri podmorskem plazenju. Sestava
klastov je zelo pestra. Najdemo kose apnenca, roZenca in celo laporja. Premer
posameznih kosov znafa do pol metra, Na bazalnih usedlinah lefe zna&ilni tur-
biditni sedimenti. V njih opazujemo plastovitost s postopno zrnavostjo, tokovni-
ce ter kriZno in vzporedno laminacijo. Debelina pestenjaka se giblje od enega
centimetra do 1,6 metra. Laporne plasti so debele nekaj centimetrov do 0,7
metra. PeStenjak je temno rjav in sivkasto zelen. Kremenova zrna prevladujejo
nad karbonatnimi. V manjsih koli¢inah imamo Se klorit, rogovaéo, glavkonit in
plagioklaze ter Zelezove hidrokside. Vezivo je karbonatno. Turbiditni tip sedi-
mentacije kaZe na hitro odlaganje v labilni, orogeni coni. Zaradi orogenih pre-
mikanj so se s kontinentalnih robov sprozili plazovi nakopifenega materiala in
se razvili v turbiditne tokove velikih hitrosti in razsefnosti.
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S\. 2. Stratigrafsko zaporedje osrednjega Bohinja
Fig. 2. Columnar section of the Middle Bohinj Valley

S pomotjo tokovnic sem skuSal dolo€iti smer transporta. Tokovnice kazejo
na transport od severozahoda proti jugovzhodu, kar se ujema s sliko, ki so jo
podali D. Kugéer, K. Grad, A.Nosan inB. Ogorelec (1974) v svo-
jem &lanku o geolodkih raziskavah soske doline med Bovcem in Kobaridom.

Fline skladovnice se mi ni posreéilo toéno stratigrafsko opredeliti, ker nisem
nasel vodilnih fosilov. V zbruskih pe$¢enjaka sem naSel male foraminifere, ki
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pa jih nisem mogel doloditi. Zato sklepam na starost plasti samo po nekaterih
posrednih znakih. Na vzhodnem delu SenoZet sem nael v tanki konglomeratni
plasti prodnike rdetega mikritnega apnenca s pelagi®no tintinino Calpionella
alpina Lorenz, ki je znadilna za zgornji malm. Zato je sediment mlajdi od jure,
kamor smo ga prej uvritali. V zbruskih pe§éenjaka z juZnega robu Senofet sem
naSel foraminifere druzin Textulariidae, Miliolidae, Globigerinidae in druge.

Povzetek

Pri kartiranju za diplomsko nalogo sem skuSal razdleniti in stratigrafsko
uvrstiti predvsem sklade, ki so jih prej¥nji avtorji 3teli v jurski sistem na mejo
lias-dogger, za kar pa ni bilo paleontoloskih dokazov.,

Jurske sklade sem razdelil na dve skladovnici;

1. skladovnica apnenca hierlaskega faciesa. V spodnjem delu sem nagsel
foraminifero Involutina liassica Jones iz spodnjega liasa. V zgornjem delu je
F. Hértel dolotil brahiopodno, amonitno, §koljéno in drugo mikrofavno sred-
njega liasa. Med zgornjetriadnimi in jurskimi skladi je kontinuiran prehod.

2. skladovnica konglomerata, pesenjaka, laporja in apnenca z roZenci. Spod-
nji del tvori laporasti apnenec. Nad njim se menjavajo apnenec, lapor, pe¢enjak
in konglomerat. V laporju in apnencu so ponekod nakopifene radiolarijske
hifice, ki prehajajo v roZenteve pole. Nad tem menjavanjem prevladuje apnenec
z ro%encem ter vmesnimi plastmi apnenega peitenjaka, v katerem sem naSel
algo Clypeina jurassica Favre, ki dokazuje, da je zgornji apneni del skladovnice
vsaj zgornjemalmske starosti. Skladovnica leZzi na prej¥nji erozijsko diskor-
dantno. Zgornji del plasti, ki so jih dosedanji avtorji uvr$dali v jurski sistem
na mejo lias-dogger, sestoji iz krednih turbiditnih sedimentov. Le%i erozijsko
diskordantno na prej3nji. V laporju in pes¢enjaku sem nasel foraminifere druzin
Textulariidae, Miliolidae, Globigerinidae in druge. Smer paleotransporta je
bila s severozahoda proti jugovzhodu, torej enaka kot v bovikem kotlu. Skla-
dovnico sem uvrstil v kredo.

Na zgornjetriadnem apnencu na obmo&ju Rudnice leZe oligocenski sedimenti.
Med zgornjetriadnim apnencem in oligocenskimi usedlinami je erozijska di-
skordanca.

Literatura

Brinkmann, R. 1975, AbriB der Geologle, Erster Band: Allgemeine Geologie,
11. Auflage, neubearbeitet von Werner Zeil, S. 91. Ferdinand Enke Verlag Stuttgart.

Budkovi&, T. 1974, Jurske plasti severnega dela Bohinjske doline, Diplomska
naloga pri FNT univerze v Ljubljani.

Cousin, M. 1973, Le sillon slovéne: les formations triassiques, jurassiques et
néocomiennes au Nord—Est de Tolmin (Slovénie occidentale, Alpes méridionales) et
leurs affinités dinariques. Bull. Soc. Géol. France, Tome 15, No 3—4, 326—339, Paris.

Grim&i&ar, A. 1881, O geolofkih razmerah med Bohinjem in Triglavskimi
jezeri. Geologija 7, 283—284, Ljubljana.

Hirtel, F. 1920, Stratigraphische und Tektonische Notizen {iber das Wocheiner-
Juragebiet. Verh. Geol. R. A. 8-9, 134—153, Wien.

Huang, W. T. 1967, Petrologija. Savremena administracija, Beograd.

Kuster, D, Grad, K., Nosan, A. & Ogorelec, B. 1974, Geolotke
raziskave Sofke doline med Bovceem in Kobaridom. Geologija 17, 425—478, Ljubljana.

Ramovs, A & Rebek, R. 1970, Razvoj jurskih skladov med Mezico in
Slovenj Gradcem. Geologija 13, 105—111, Ljubljana,

Reineck, H.  E. & Singh, I B. 1973, Dcpositional Sedimentary Environ-
ments. Springer Verlag, Berlin, Heidelberg, New York.



GEOLOGIJA 21, 245—254 (1978) Ljubljana

UDK 552.4-4-552.333:551.761.2(497.12)—863

Zeleni skrilavei Kranjske rebri

Greenschists from Kranjska Reber

Ana Hinterlechner-Ravnik
Geolodki zavod, Ljubljana, Parmova 33

Kratka vsebina

Nizkometamorfne kamenine Kranjske rebri izhajajo iz vulkanskih
kamenin spilitno-keratofirske asociacije in iz finozrnatih sedimentov. Po-
goji metamorfoze teh kamenin ustrezajo zadetnemu delu faciesa zelenega
skrilavea, to je subfaciesu s kremenom, albitom, muskovitom in kloritom.
Krititna minerala, ki nastopata v raznih mineralnih asociacijah, sta
stilpnomelan in tremolit. Ce drZi srednjetriadna starost kamenin Kranjske
rebri, kaZeta na alpidsko metamorfozo.

Abstract

The low grade metamorphic rocks of Kranjska Reber Mt have been
derived from volecanic rocks of spilite-keratophyre association and some
sedimentary rocks. The metamorphism took place under the P, T envi-
ronment corresponding to the very beginning of the greenschist facies, that
is to the quartz-albite-muscovite-chlorite subfacies, Critical minerals
occurring in different associations are stilpnomelane and tremolite. They
indicate Alpine metamorphism, if the rock sequence as supposed by geo-
logists is of Middle Triassic age.

Uved

Vulkanske in sedimentne kamenine Kranjske rebri smo imeli Ze do sedaj
za Zibko metamorfne. Natanéneje pa stopnja metamorfoze ni bila dolocena. Ka-
menine smo oznatevali kot razlitke spilitno-keratofirske asociacije, filit in filitu
podoben skrilavec. Na podlagi ponovne dolotenih mineralnih asociacij in struk-
ture jih sedaj v skladu z razélenitvijo regionalno metamorfnih kamenin uvrita-
mo v najnijo stopnjo zelenega skrilavca. V razligkih s Kranjske rebri so nam-
ret poleg kremena, nizkotemperaturnega albita, bele sljude in klorita splo¥no
razdirjeni epidot, tremolit in stilpnomelan.

Dosedanja dela

Sirfe obmoZje Kranjske rebri so geologi pogosto raziskovali (sl. 1), saj
vkljutuje koristno surovino ilit, ki ga komercialno imenujejo kaolin. F. Tel-
ler (1896) je na geoloski karti Zelezna Kapla in Kokra kamenine Kranjske
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Sl. 1 PoloZajna skica Kranjske rebri
Fig. 1 Location map of Kranjska Reber Mt.

rebri Stel k sericitnim skrilavcem in gnajsom neznane starosti. V pregledu triad-
nega vulkanskega delovanja v Sloveniji je povzel 1. Rakovec (1946, str.
164) po A. Winklerju, da je bilo obmogje dana$nje Kranjske rebri v triad-
ni dobi kopno, ki se je raztezalo proti zahodu na obmotje Blegosa.

Pozneje so geologi uvrstili ista obmoéja v srednjo triado, ki je za Slovenijo
pomembna zaradi vulkanizma. V neposredni bli%ini Kranjske rebri so v triad-
nem apnencu vulkanske kamenine ob Kokri vnesene tudi na Tellerjevi
geoloZki karti (1896). V kratkem pregledu magmatskih in metamorfnih kamenin
Slovenije je predpostavil J. Duhovnik (1956) wengensko starost kamenin
Kranjske rebri in Blegosa ter jih imenoval tufe, delno interstratificirane med
apnenci z lateralnimi prehodi v sericitni skrilavec.

Vzorce za sedanje petroloike raziskave so nabrali pri kartiranju L. Ferjané&ig,
J. Stern, L. Placer in U, Premru.

Splo3ni podatki o nizkometamorfnih spremembah

Visokotemperaturni vulkanski minerali ob geosinklinalnem ugrezanju niso
vet obstojni pri veliki kolid¢ini vode, nizki temperaturi in pri zelo razliénih
pritiskih. Novi, nizkotemperaturni minerali nadomestijo vtroZnike in osnovo
vulkanskih kamenin ter zapolnijo tanke Zilice in geode. Spremembe so inten-
zivne, stalne in vedno iste vrste. Usmerjeni pritiski pa povzrodajo skrilavost
in delno zabriSejo prvotne strukture kamenin. Strukturno in mineralno pa niso
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spremenjene le predornine, temved tudi spremljajoéi tufi in sedimenti, kar
kaZe na regionalno vrsto sprememb. Nizko stopnjo metamorfoze v geosinkli-
nalah je prvi vrednotil D. S. Coombs (1961). Za zaletek metamorfoze in
za njene nadaljnje stopnje so znatilne kamenine, ki imajo dolofeno kemi¢no
in mineralno sestavo. Nizkometamorfne reakcije potekajo predvsem v kame-
ninah, bogatih s kalcijem, aluminijem in z vodo. To so mafi¢ne vulkanske
kamenine, zlasti hialoklastiti v geosinklinalah. Kjer taksnih kamenin ni, mi-
neralo$ko ne moremo dolo&iti nizkometamorfnih stopenj. Kamenine, ki sestoje
samo iz kremena 4- klorita + ilita, ostanejo v diagenezi nespremenjene in se
ne spremene niti med zelo nizko in nizko metamorfozo; rastejo le njihova
zrna in ilit rekristalizira postopno v beli sljudi: muskovit in fengit. Mineralna
asociacija kremen -+ muskovit + klorit rekristalizira v novo asociacijo Sele ob
pogojih, znatilnih za zafetek almandinovo-amfibolitnega faciesa. Prav tako
sta obstojna pri nizki metamorfozi apnenec in &isti dolomit, le da sta rekri-
stalizirana.

Sploine spremembe kamenin pri zatetni stopnji metamorfoze so albitizacija,
kloritizacija in kalcitizacija. Na ta na&in spremenjen bazalt imenujemo spilit.
V njem je prvotni bazi’ni plagioklaz nadome¥en z nizkotemperaturnim
albitom, ne da bi se pri tem mafiéna narava kamenine spremenila. Za meta-
morfozo zelo nizke stopnje pa so znadilne mineralne asociacije zeolitnega
faciesa (D. S. Coombs v: G. C. Amstutz, 1974). Sledi nizka metamorfoza
s faciesom zelenega skrilavca. Mafiéni zeleni skrilavei vsebujejo na tej stopnji
klinozoisit <+ aktinolit + klorit + albit. Kamenine Kranjske rebri so dosegle
to stopnjo metamorfoze.

Geologija in petrologija Kranjske rebri

Kranjska reber sestoji vedidel iz metavulkanskih kamenin, ki dosezejo
debelino ve¢ sto metrov. Nastajale so v srednjetriadnem geosinklinalnem
obmodju Alp. V alpidski orogenezi so prisle v vedje globine. Zaradi spreme-
njenih P-T pogojev so se vulkanske kamenine ustrezno 3ibko metamorfozirale.
Danes predstavlja Kranjska reber samostojen blok. Njegova talnina ni odkrita.
Prav tako nima neposredne krovnine. Med vulkanskimi kameninami do sedaj
niso bile najdene karbonatne fosilonosne plasti. Po sestavljenem profilu
(U. Premru, 1974) so bile lateralno v talnini jarka doloZene anizitne plasti.
Razvite so na Veliki planini in Konjsici v karbonatnem Zelfnem faciesu
z algami. Krovnini vulkanskih kamenin pa ustrezata sparitni apnenec in do-
lomit; s fosili so dolotene cordevolska podstopnja ter karnijska, norifka in
retska stopnja na Menini planini, Rogafu in Lepenatki.

Na celotnem prostoru ladinskih vulkanskih kamenin v Sloveniji opazujemo
razlike v stopnji sprememb. Metamorfna rekristalizacija in kataklaza niso
regionalno enako intenzivno izraZene. Pri ustreznem kemizmu kameninskih
razlitkov bomo morda v njih 3e nasli minerale, znadilne za zelo nizko stopnjo
metamorfoze, ki je na Kranjski rebri Ze preseZena.

Nizkometamorfne kamenine Kranjske rebri obsegajo kremenov keratofir in
porfir, spilitizirani diabaz, pogosto ustrezni metatuf in metatufit. Me3ane
Sibkometamorfne vulkanske in sedimentne kamenine oznatujemo tudi kot
psevdoziljski skrilavec in peStenjak. Skrilave kamenine imajo filitni videz.
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Kameninski razlitki se bo¢no in vertikalno hitro zmenjujejo Ze na razdalji
enega metra ali nekaj deset metrov.

Prvotna struktura kamenin je delno ohranjena. Zato opazujemo ponekod
na felziénih mikrokristalnih lavinih razli¢kih fluidalnost; menjavajo se lamine
nekoliko razlitne sestave in zrnavosti. Ponekod je %e ohranjena usmerjena
lega vtrodnikov. V mafi¢nih razlitkih je fluidalnost poudarjena z razpoteg-
njenimi mandlji.

Transverzalna skrilavost je povedini mnogo bolj izrazita kot prvotna flu-
idalna struktura v metalavah in laminacija v metasedimentih. Glede na prvotno
strukturo poteka pod majhnim kotom. Skrilave kamenine so pogosto fino na-
brane (tabla 1, sl. 1 in 2). Na ploskvah skrilavosti je lineacija precej dobro
izraZena. Na preZaganih kosih in v zbruskih je videti, kako so se lamine trgale
(tabla 1, sl. 3). KompaktnejSe kamenine, predvsem felziéni razli¢ki, so se pod
pritiskom ponekod drobile — bretizirale.

Metamorfna kristalizacija v zaletnem delu faciesa zelenega skrilavea, ki jo
spremljata skrilavost in kataklaza, je mo¢no zabrisala prvotne strukture ka-
menin. Zato je kamenine Kranjske rebri mozno zanesljivo loditi na mafi&ne in
felzi®ne, teZe pa je dologiti ustrezne tufe in lave.

Znatilne metamorfne mineralne faze v kameninah Kranjske rebri

Kamenine Kranjske rebri stejemo po stopnji metamorfoze v zaletni del
faciesa zelenega skrilavca. Vzrok za to uvrstitev je poleg skrilavosti in filitnega
videza razlitkov sploina razdirjenost mineralne parageneze metamafitov:
albit + aktinolit/tremolit + klorit + zoisit/klinozoisit/epidot. Kot primes v njih
so kremen, bele sljude, kalcit, neprosojni minerali in stilpnomelan.

Kljub izraziti skrilavosti in mineralnim spremembam je v metamafitih
ponekod ¥e ohranjena porfirska, ofitska in intersertalna struktura. Metamafite
uvrdéamo k spilitom: zanje je zna&ilen nizkotemperaturni albit, ki nastopa kol
letvice v osnovi ali kot kristal-viro$nik. Osem plagioklazov, zmerjenih na Fe-
dorovi mizici, vsebuje 3,7 %% an in ima kot 2V = +86°, —89® in —89°. Plagio-
klaz je moten zaradi finih vklju€kov sericita in klorita.

Medtem ko v pregledanih vzorcih prvotni visokotemperaturni plagioklaz
ni ohranjen, $e zasledimo po kak3en drobec avgita in izjemoma celo magmatsko
korodirane kristale tega minerala, velike do treh milimetrov. Brez analizatorja
so rahlo rdefkasto rjavi, kar ustreza titanavgitu. Njegov dvolom Ng-Np =
=0,0296 in kot 2V = +44° (A. Hinterlechner, 1959). Obod vetjih
kristalov avgita je tremolitiziran.

Prvotni mafi¢ni mineral pa je v glavnem Kkloritiziran. Klorit se nahaja
v osnovi mafi¢nih in felzi¢nih kameninskih razli¢kov. Povetini je rahlo svetlo
zeleno pleohroi®en. Po razliki v plechroizmu in velikosti dvoloma, redkeje po
raznih anomalnih interferenénih barvah, bi sklepali na razne vrste kloritov.
Podatki difraktogramov kaejo vedno na Fe-klorit.

Znatilna mineralna faza metamatfitov je skoraj brezbarvni do rahlo zelen-
kasti tremolit. Kristalizira v tankih iglicah, oziroma vlaknih, ki rastejo pogosto
brez reda prek vseh mineralov osnove (tabla 2, sl. 1). Neorientirana in sfero-
idna rast iglic tremolita dokazuje njegovo potektonsko kristalizacijo. Iglidasti
tremolit opazujemo v agregatih klorita, ki tvori psevdomorfoze po prvotnem
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avgitu. Tam raste predvsem po obodu prvotnega viro¥nika iz klorita. Tremolit
zapolnjuje tudi drobne geode in Zilice. Iglice so velike nekaj desetink mili-
metra, doseZejo pa tudi en milimeter. V nekaterih kloritnih skrilaveih je bil
tremolit doloden zaradi fine zrnavosti §ele rentgensko, Preiskava z rentgen-
skimi Zarki kaZe na tremolit, oziroma grammatit (W. E. Troger, 1967, 2. del
str. 441). Zaradi majhnega uklona 9,8 A mu dobro ustreza F-tremolit (ASTM
kartice v: SPDD for Minerals, 1974).

Stalna bistvena ali akeesorna primes mafi¥nih razli¢kov je epidot. Poveéini
je prisoten v osnovi kot drobna zrna ali v nepravilnih agregatih (tabla 2, sl. 1).
Vetja zrna zapolnjujejo predvsem zile. Epidot je izrazito rumenkast, mestoma
precej moten. Felzini magmatski razlidki vsebujejo posamezna zrna optiéno
anomalnega zoisita.

Minerali felzi®nih metavulkanskih razlitkov so zastopani s kremenom,
nizkotemperaturnim albitom, intermediarnim mikroklinom, muskovitom-seri-
citom, kloritom in stilpnomelanom.

Kremen se nahaja poveéini v finozrnati osnovi. Posamezna zrna, ki jih lahko
vrednotimo kot bivde vtro¥nike kremena, so lefasto razpotegnjena in kata-
klazirana.

Plagicklaz je nizkotemperaturni dvojéi¢ni albit, podoben tistemu v meta-
diabazu, Nastopa v samostojnih zrnih in kot agregat, ki je psevdomorfoziral
prvotni K-glinenee, Meritev plagioklaza na Fedorovi mizici na 21 zrnih daje
povpreéno sestavo 3% an. Kot 2V pa ima povpretno vrednost +88°, merjeno
prav tako na 21 zrnih (ekstrema -+80° in —87°).

Muskovit-sericit je v preparatih zelo finozrnat in le redko doseze 0,1 mm.
Veéji listiti so razviti v tufskih razli®¢kih. Na difraktogramih lahko primerjamo
uklon pri 10 A z uklonom 4,26 A kremena, kar je dokaz zelo dobre kristalizacije
bele sljude. Treba pa bo 3e refiti verjetno prisotnost muskovita, oziroma fengita.
Oba sta moZni mineralni fazi pri nizkometamorfnih pogojih. Mafitni razlitki
vsebujejo le malo sericita, ki daje Sibek nepravilen bazalni odboj. Tak sericit
je verjetno nastal pri preperevanju.

Intermediarni mikroklin je glavna primes jedrih razlitkov svetlih alkalnih
lav ali morda pelitskega tufa na Kaliskem plazu. Kemiéna analiza z 10 % K,O
se sklada s tem podatkom (A. Hinterlechner, 1959). Kristalov mikroklina
s tipi¢no mreZo pa nismo na$li.

Felziéni magmatski razli¢ki vsebujejo posamezne prvotne vtroinike biotita,
ki je povetini magmatsko korodiran, kloritiziran in vsebuje tudi neprosojna
zrna. Meri nekaj desetink mm. Ponekod ga nadome$éa agregat stilpnomelana.

Nekateri felziéni razli€ki vsebujejo veliko drobnega potektonskega rded-
kastega »biotitaz. S kristalizacijo velike koli¢ine biotita pa je najnizja cona
zelenega skrilavca Ze prekoratena. DoseZena je biotitna cona. Ta cona se nam
je zdela problemati¥na. Zato smo rentgensko analizirali nekaj razli¢kov, ki so
vsebovali finozrnati rdetkasti sljudnati mineral. Pokazalo se je, da gre za
stilpnomelan. V sledovih in tudi kot bistveno primes najdemo stilpnomelan
v mafiénih, a predvsem v felzinih metamorinih razli¢kih. Ponekod ga je prek
10 %/, zato lahko govorimo o stilpnomelanovem skrilavcu.

Stilpnomelanova sestava in struktura sta komplicirani, kar se vidi tudi po
razli¢nih formulah, podanih v literaturi (W. E. Troger, 1987, str. 554,
H. Strunz, 1977, str. 442). Stilpnomelan je psevdoheksagonalen in pleo-
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hroi¢en. Zato je pod mikroskopom pedoben biotitu. V preiskanih vzorcih je
v smeri Ny rumenkast, v smeri Ny in N; pa je rjavo in rdetkasto rjavo pleo-
hroi¢en. Gre torej za ferri-stilpnomelan. Njegovi listi¢i so pogosto limoniti-
ziranl. Redki vzorei pa verjetno vsebujejo zelenkasti ferro-razlitek. Opazovali
smo enakomerno razporejene in tudi kriZajote se luske stilpnomelana, pogosto
pa listiaste in radialne potektonske agregate v osnovi (tabla 2, sl. 2). V fel-
ziénih metavulkanskih kameninah nastopa stilpnomelan v Zilicah (tabla 2,
sl. 3), in kot psevdomorfoza po prvotnem K-glinencu skupaj z agregatom albita
(tabla 1, sl. 2). Prevladujejo listi¢i, veliki 0,1 do 0,2 mm, delno pa so ali fineji
ali vedji.

Zanesljivo doloimo stilpnomelan le rentgensko. Na difraktogramu so nje-
govi znadilni ukloni pri 12,07—12,18 A, 404 A in 303A (J. W.Gruner, v:
W. E Tréger, 1967, str. 554). Po prvem najmotnej$em odboju z intenziteto
100 se stilpnomelan lodi od biotita in klorita.

Pogoji kristalizacije stilpnomelana

Stilpnomelan je v Alpah indeksni mineral za nizko stopnjo metamorfoze.
Ker se optitno teZko lodi od biotita, je bil sorazmerno pozno odkrit. V zadnjih
dvajsetih letih so bile njegove mineralne parageneze natanno raziskane. Te
ugotovitve je glede alpidsko metamorfoziranega granita in njegovega plaita
na obmoéju Mont Blanca povzel in dopolnil J. F. Raumer (1969). V pravem
zelenem skrilaveu miinchberikega gnajsa so ga dolo#ili tudi F. Rost et al
(1969). V nekoliko bolj metamorfozirani biotitni coni stilpnomelan ni ve& ob-
stojen poleg muskovita. V kameninah, ki ne vsebujejo fengita, pa je v spodnjem
delu biotitne cone asociacija stilpnomelan + biotit ¥ mo#na. To fazno razmerje
je v raznih nizkometamorfnih kameninah opisal E. H. Brown (1871).
M. Frey et al. (1973) so na$li stilpnomelan tudi v krednih in terciarnih zelo
nizkometamorfnih skladih v $vicarskih Alpah. Stilpnomelan je nastal tam iz
glavkonita, pogosto v zdruzbi z biotitom in riebeckitom ob ekstremno visokem
pritisku.

Pogoj za kristalizacijo stilpnomelana v nizki stopnji metamorfoze je kemino
precej omejen: Zelezo mora prevliadovati nad magnezijem, istoasno pa je
Al= (Na + K + Ca). Ce je aluminija ve®, kristalizira Kkloritoid. Prisotnost
stilpnomelana izkljutuje prisotnost pirofilita. Razliten kemizem z moZnimi
mineralnimi asociacijami je podal H. G. F. Winkler (1967) na diagramu
ACF in A'FK. Mineralna asociacija stilpnomelana z epidotom + kloritom -+ tre-
molitom ka¥e na metamafite; asociacija stilpnomelana z albitom + mikrokli-
nom + muskovitom pa na felzi¢ne izhodne kamenine. Za rast stilpnomelana
sta dala potrebno kolitino Fe,O, ter MgO biotit in klorit, medtem ko je dal
K-glinenec K,0, del ALQ, in SiO, (J. F. Raumer, 1969).

Mineralne asociacije v zatetnem delu faciesa zelenega skrilavca v geosin-
klinalah potekajo pri temperaturi okrog 400°C in pritiskih do 5 kbar (H. G.
F. Winkler, 1976, str. 193). Ta pritisk bi pomenil globino prek 15km.
Vendar v naSem primeru ne gre za tako globino. Poleg vpliva regionalne di-
nami¢ne metamorfoze kaZejo namre* kamenine Kranjske rebri dodaten vpliv
striZne napetosti, ki se je uveljavila v dolo¢eni dislokacijski coni brez znatnega
dviga temperature. Posledica teh napetosti so pretrgane lamine.
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Zaradi regionalne tektonike so nastale fine razpoke. V njih so se pretakale
snovi, potrebne za rast ustreznih mineralnih metamorfnih asociacij. Kljub
mo&nemu pritisku, ki se odraZa v nasih vzorcih megaskopsko in mikroskopsko,
je velik del tremolita in zlasti stilpnomelan potektonski. Zato sklepamo, da je
ob njuni kristalizaciji najve&ji usmerjeni pritisk %e popustil. F. Rost et al
(1969) so sklepali, da kristalizira potektonski stilpnomelan v asociaciji s potek-
tonskim kloritom in tremolitom pri temperaturi 300 do 400°C in pritisky,
manj$em od 1,2 kbar, kar ustreza najve¢ globini 4 do 5 km.

Sklep

Metamorfne kamenine Kranjske rebri predstavljajo zafetni del faciesa
zelenega skrilavca, to je muskovitno-kloritni subfacies. Pogosto vsebujejo tre-
molit in stilpnomelan. Ce dr#i stratigrafska interpretacija o njihovi srednje-
triadni starosti, potem kaZe mineralna asociacija s stilpnomelanom in tremo-
litom na alpidsko metamorfozo.
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Tabla 1 — Plate 1
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Sl 1 — Fig. 1

Keratofirski metatufit. Vidna

je nabrana struktura in pre¢na

skrilavost. Ohranjena je prvot-
na laminacija.

Vzorec 20124/2, nikola na-
vzKkrizna, 8 X

Keratophyre metatuffite. Mi-
crofolds and transverse schi-
stosity are seen. Primary lami-
nation is preserved.
Sample 20124/2, nicols crossed,
8 X

Sl. 2 — Fig. 2

Keratofirski metatuf z jasno
transverzalno skrilavostjo. Pr-
votni K-glinenec je deformiran
in nadomes&en z agregatom al-
bita in stilpnomelana,
Vzorec 42/33384, z enim niko-
lom, 33 X
Keratophyre metatuff showing
well preserved primary lami-
nation. Original K-feldspar is
deformed and replaced by low-
temperature albite and stilpno-
melane.
Sample 42/33384, without cros-
sed nicols, 33 X

Sl. 3 — Fig. 3

Keratofirski metatuf. Natrgane
in nabrane lamine.
Vzorec 20234/2, povelava 2 X

Keratophyre metatuff. Broken
and microfolded laminae.
Sample 20234/2, 2 X



Zeleni skrilavei Kranjske rebri

Sl.1 — Fig. 1

Albitiziran in tremolitiziran
diabaz. Potektonske radialne
iglice tremolita in malo epidota
v albitno-kloritni osnovi.
Vzorec 20031/3A, z enim niko-
lom, povetava 33 X

Albitized and tremolitized dia-
base. Late crystallization of ra-
diated tremolite. Some epidote
in albite-chlorite matrix.
Sample 20031/3A, without cros-
sed nicols, 33 X

Sl. 2 — Fig. 2

Keratofirski metatufit. Potek-
tonska kristalizacija stilpnome-
lana, pre¢no na laminacijo.
Vzorec 20127/5, z enim nikolom,
25 X

Keratophyre metatuffite. Late
crystallization of stilpnomela-
ne, crosscutting the lamina-
tion.
Sample 20127/5, without cros-
sed nicols, 25 X

Sl. 3 — Fig. 3

Keratofirski metatuf. Zilica, za-
polnjena s kremenom in potek-
tonskim zarkovitim stilpnome-
lanom. Pretna skrilavost.
Vzorec 19849/1, z enim niko-
lom, 30 X

Keratophyre metatuff. Veinlet
filled by quartz and radiated
stilpnomelane. Transverse schi-
stosity.
Sample 19849/1, without cros-
sed nicols, 30 X

Tabla 2

— Plate 2
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The massive sulphides and magnetite deposits of northern Ethiopia

Milan Hamrle
Geolo3ki zavod, 61000 Ljubljana, Parmova 33

Absiract

The massive sulphides of northern Ethiopia occur within the Upper
Precambrian eugeosvnclinal sequence locally known as the Tsaliet and
Tambien Groups belonging to the Red Sea Proterozoic basin. The geotec-
tonic history of the basin is interpreted as a cratonised island arc. The
age of the sequence is in the order of 1,000 Myr. The early sodic extrusive-
intrusive rocks were followed by peralkaline granitoides. The primary
mineralisations originated in submarine conditions by volcanic exhalative-
sedimentary processes. Sulphide and oxide iron facies coexist, both on
a regional as well as on a microscopic scale. Later hydrothermal episodes
affected the deposits and rearranged and enriched the ore minerals. The
altered enclosing rocks display greenschist facies metamorfphism, whereas
the ore minerals and ore texture seem to be little affected, The massive
sulphide deposits fit well with the Pb-Zn-Cu-Ag proterozoic type, with
zinc and copper strongly prevailing over lead, the metal tenors variable
and generally very low.

Kratka vsebina

Masivni sulfidi so v severni Etiopiji vezani na eugeosinklinalne ka-
menine zgornjega predkambrija, in sicer na spodnji del zaporedja, ki ga
v debelini ved kilometrov predstavijata lokalno poimenovani grupi Tsa-
liet in Tambien. Skupaj s $e¢ mlaj8imi predkambrijskimi kameninami
gradita rdeemorski proterozojski bazen, ki obsega danadnjo severovzhod-
no Afriko in Arabijo. Po izvoru vulkanogene in sedimentogene meta-
morfne kamenine ne presegajo zelenega faciesa, Po izotopskih podatkih
je starost zaporedja okrog 1000 milijonov let. Geotektonsko zgodovino
severne Etiopije in bliznjega Sudana je mogode tolmaditi kot kratoniziran
predkambrijski oto¢ni lok.

Severna Etiopija pripade metalogenetski provinci stratiformnimi
rudi¥éi pirita, barvnih kovin, magnetita in zlata. Primarna orudenja so
nastala v povezavi z geosinklinalnim magmatizmom v obliki izlivov lav
na morskem dnu in intruzij v nastalo skladovnico, Zgodnje magmatske
kamenine so natrijske in kaZejo znaéilnosti spilitsko-keratofirske skupine.
Poznejie granitne intruzije pa so po sestavi peralkalne.

Od znatnega Stevila doslej znanih rudnih nahajalis® jih je bilo le malo
nadrobno raziskanih v globino. Orudenja so nastala na morskem dnu pri
&emer so rudni minerali precipitirali iz rudonosnih raztopin, ki so uhajale
iz razpok, ter se plastovito nakopitili izmenoma med sedimenti in raz-
litimi lavami. Obseg posameznih nahajali5¢ je v splofnem relativno
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majhen, Za rudne parageneze je znadilno, da skupaj nastopajo oksidni
in svulfidni Zelezovi minerali, Za nastanek obeh faciesov je bila merodaj-
neja sestava raztopin kot sedimentacijsko okolje. Zveza s poznejdim
plutonizmom pa je bila hidrotermalna rejuvenacija prvotnih rudnih mi-
neralov. Pri tem je pridlo do nadomeStanja, premeS$éanja in obogatitve
mineralnih komponent tako v prvotno sedimentiranih rudnih telesih kot
v bliZznjih strukturnih prepustnih conah. Na ta naéin so nastale tudi zlato-
nosne kremenove Zile, ki so jih v Eritreji do nedavnega rudarsko od-
kopavali,

Izvor rudnih komponent je po vse]l verjetnosti magmatski. Za #veplo
pa so izotopske preiskave pokazale poleg magmatskega %e organogeni
morski izvor. Iz tega sklepamo, da so bile v rudonosnih raztopinah
udeleZene tudi konatne vode.

Vpliv regionalne metamorfoze na masivne sulfide je bil majhen. Po
Hutchinsonovi klasifikaciji ustrezajo rudi$®a proterozojskemu tipu se-
stave Pb-Zn-Cu-Ag, pri ¢emer kolidini cinka in bakra dale¢ prevladujeta
nad svincem, Vsebnosti kovin so zelo nizke in nestalne, posebnost pa je
lokalne znatna koli¢ina magnetita. Zlato in srebro sta prisotna. Ekonom-
sko pomembne vsebnosti kovin je mogode pritakovati le tam, kjer je pri-
marna ruda obogatena zaradi cementacije.

INTRODUCTION

The northern part of Ethiopia is a distinct metallogenetic province charac-
terised by the occurrences of pyritic base metal sulphides, iron oxides and
auriferous quartz reefs. Pyritic base metal concentrations have been revealed
in the Asmara area and on the plateau, in the Eritrean lowlands and in Tigre
Province. The mineralisations appear in the Precambrian eugeosynclinal meta-
morphic sequence as gossans or massive magnetite bodies, ferruginous cherts
and sulphidic disseminations, displaying mainly elongated lens-like shapes cut
by numerous veins of white quartz. Their basically syngenetic stratiform
features are well evident.

World-wide studies of ores of volcanic-sedimentary affiliation have made
much progress during the last two decades, and a large number of papers
have appeared. The present article may contribute to this subject. The author
was involved in investigations of Ethiopia’s ore deposits intermittently since
1962 when employed with the Ethiopian Government; the presented data refer
mainly to the pre-1973 period. As regards detailed exploration, little systematic
research has been done in northern Ethiopia, access to the field being limited.
Regional information is scarce and especially lacking in petrological, geo-
chemical and structural data of the vast region. Regarding the mineralisations,
the present conclusions center on five or six more or less explored deposits,
the rest of the localities being known mainly from author’s reconnaissance
work or other cited sources. This paper summarises the gathered information
and points to the variety of problems awaiting solution.

Field mapping, core logging, sampling and microscopic examination of rocks
and ores have been done by the author who completed also the drafting work.
Chemical analyses were performed in the Chemical Laboratory of the Ministry
of Mines in Addis Ababa, mainly by S. Kandare., The permission of the
Ministry of Mines, to publish this paper and the linguistic help by Dr. John
Walsh are gratefully acknowledged.
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REGIONAL GEOLOGICAL SETTING

The area referred to in this paper, shown in Figure 1, comprises the
extreme southern part of Eritrea Province and the extreme north of Tigre
Province.

Knowledge of the regional geology of this part of Ethiopia is still sketchy.
Some systematic work has been initiated in Tigre by different authors, but no
comprehensive regional mapping has yet been done in Eritrea. The older
information such as G. Dainelli (1943), G. Merla and E. Minucci
{1938) and others ‘was compiled by P. Mohr (1962) and adapted in the recent
Geological Map of Ethiopia (V. Kazmin and A. J. War d en, 1975). Hunting
Geology and Geophysics in 1971—1972 carried out an airborne geophysical
survey of parts of northern Ethiopia and produced a photogeological inter-
pretation map at 1:50,000 scale. Most information, however, resulted from
geological investigations of ore deposits and occurrences. A geological sketch-
map of the area has been compiled from the available data and is shown in
Figure 2.

The Tigre-Eritrean plateau is composed basically of steeply dipping Pre-
cambrian metamorphic rocks, intruded by a variety of granitoids. This base-
ment is unconformably overlain by erosional remnants of Paleozoic and
Mesozoic sediments, in places covered by the erosional remnants of flood
basalts of the Trap Series and intruded by swarms of doleritic dykes. The
flows have been dated at 25—19 Myr (P. W. Jones, 1976) and even 36 Myr
(G. F. Brown, 1970). The youngest magmatics are late Tertiary alkaline
trachytic and phonolitic plugs, most typically developed in the Adua and
Senafe areas. The voleanic activity has been continuous to recent times.

The oxidic and sulphidic massive mineral occurrences are intercalated
within the Precambrian sequence at numerous localities, and there are prob-
ably many more localities still to be found, The mineralisations are closely
associated with the Precambrian environment, which is represented by
a heterogeneous succession of volcanic and sedimentary rocks, exhibiting
a uniform greenschist facies metamorphism. The low metamorphic grade is,
in general, the quartz-albite-chlorite-sericite subfacies of the greenschist facies.

20°

Fig. 1. Location map of the area examined
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The rocks were affected by regional metamorphism and only locally by thermal
metamorphism. Porphyroblastic textures and recrystallisations are evident.

The Upper Precambrian volcanic-sedimentary sequence originated as a eu-
geosynclinal accumulation, with felsic magmatics intruded and extruded in
more stages during its evolution. The complex was folded and faulted under
east-west directed stress, the regional trend of foliation submeridional, the
dips variable but near-vertical. The intensely folded sequence may be manifest
in the repetition of certain lithologies occurring in alternating parallel belts
and zones.

After extensive Paleozoic peneplanation, the Permian continental sedimen-
tation produced sandstones and tillites associated with clays, corresponding
to the Dwyka Series of South and East Africa (R. M. Shackleton and
K. Lomax, 1974). Mesozoic marine sedimentation followed, the beds largely
removed by pre-Trapean (late Cretaceous-early Tertiary) peneplanation, which
levelled both Precambrian and younger rocks. It caused extensive surface
alteration, the peneplain being evident as a conspicuous horizontal plane of
ferruginous-lateritic crust, usually marked by the presence of resistant Paleo-
zoic-Mesozoic sandstones. Tertiary Trap basalts spread on the peneplain, the
preserved thickness of the basaltic cappings being not more than several
hundred metres.

Lithology

In terms of the division of the Ethiopian Precambrian, the majority of the
rocks in northern Ethiopia belong to the Upper Complex, which forms a thick
inhomogeneous succession of different lithologies of volcanic and sedimentary
origin, and is subdivided into the lower Tsaliet Group and the upper Tambien
Group.

Certain rocks are suspected to belong to the Lower Complex: the foliated
granodiorites below the metavoleanics in the Enticho area, the amphibolites
and biotite granite on the Buri Peninsula southeast of Massawa, and the
granitie-gneissic migmatised rocks in the coastal region northeast of Asmara
(G. Merla et al, 1973). Similar older rocks also form small outcrops in the
Danakil area (J. Brinkmann and M., Kiirsten, 1970).

Upper Precambrian volcanic-sedimentary rocks. The Tsaliet Group compri-
ses mostly volcanic rocks of varied character: basic, intermediate and felsic
extrusives are interbedded with pyroclastics ranging from coarse agglomerates
to fine tuffaceous mudstones and siltstones, with minor interbeds of argillaceous
and arenaceous sedimentary rocks such as shales, quartzites, greywackes, in
places biohermal limestone and subordinated conglomerate. The strongly
chloritised massive and schistose volcaniclastics appear as chlorite-sericite
schist, micaceous and augen schist, quartzitic and sericitic greenschist, exhibit-
ing frequently a greywacke affinity. The massive varieties are strongly
epidotised, the original texture and mineralogy obliterated; such rocks may
have been originally mafic or lithic pyroclastics. The rocks are intimately
interbedded with considerable vertical and lateral variations.

The Tsaliet Group is about 1,500 metres thick in Central Tigre (M. Beyth,
1972), its thickness increasing northwards to an estimated order of several
thousands of metres in Eritrea. The volcanogenesis is evident; practically the



Table 1 Chemical composition of some extrusive rocks (per cent)

. Semple .. .
Locality No, sigy,  Tio, AI203 Fe,0, Fe0 Mn0  Mg0 Cal Na,0 K0 PO, Hy0 Total
Embaderho 1 66,00 0,30 17,70 1.73 0,84 0,08 1.44 567 3.8 051 017 0.23 100,72
2 7.10 0.18 15,10 0,97 2,08 0,04 0,9 215 5,12 05 0,15 0,15 99,78
3 66,90 0,30 17,20 1,67 0,71 0,03 1,38 570 3,85 0.63 0,17 0,18 100,96
Adi Nefos 4 73.80 0,05 15,46 0.56 0,06 0,21 1,50 543 1,37 100,38
5 64,08 18,58 1,54 0.06 1,24 3,99 2,50 2,00 0,09 99,96
Adi Rassi 6 59,27 18.05 5,43 0,15 4,07 5.39 4,720 0,70 0.12 100,11
7 49,38 15,84 18.85 0,24 3.43 2,98 2,95 0,80 0,50 99.95
Marahane B 78,83 10,79 2,35 1,16 033 0,19 5,61 0,8 ¥ 100.8}
Homasien 9 584,21 0.52 15,11 3,94 5,25 6,42 B,19 3.9 1,9 0,14 100.93

Provenance of samples:

No.1 Embaderho. Porphyrite; drillhole EMB 1/70, depth 85.50 m

No. 2 Embaderho. Quartz keratophyre; EMB 1/70, depth 224.15m

No. 3 Embaderho. Quartz porphyrite; EMB 1/70, depth 310.50 m

No.4 Adi Nefas. Quariz keratophyre; drillhole AN 5 A/68, depth 7640 m

No. 5 Adi Nefas. Altered dacite (andesite?); drillhole AN 5 A/68, depth 120.50 m
No. 8 Adi Rassi. Porphyrite outcropping east of the North Hill

No.7 Adi Nefas. Spilitic magnetite andesite: drillhole AR B/1, depth 105 m
Data from G. Dainelli (1943):

No. 8 Marahano (about 10 km south of Asmara). Keratophyric quartz porphyry
No. 9 Hamasien. Diorite porphyry
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whole Group can be accounted for in terms of volcanic provenance. The suc-
cession is submarine though some coarse pyroclastics could also have originated
subaerially.

The extrusives are recognisable as quartz porphyrites, keratophyres, ande-
sites and more spilitic varieties, texturally massive and schistose, their sodic
nature obvious mieroscopically and chemically. Porphyritic albite is ubiquitous
with chlorite, epidote and calcite the alteration products of original mafic
silicates. Silica is abundant, forming layers of chert and jasperoidal rocks.
Intraformational breccia occurs in places, the clasts lithics and chert fragments,
grading to greywacke, the matrix tuffaceous and siliceous. Interbedded mud-
stone proves subagueous accumulation.

The extrusives spread as flows on the sea floor probably from fissure
openings, together with ejected water-lain pyroclasts and tuffaceous products,
some of which may have originated also through nuée ardente type of activity.
A metamorphic change of the original lavas of various mineralogic nature to
a spilitic-keratophyric assemblage must be assumed as a conseguence of the
deuteric-fumarolic alteration which will be discussed below. Whether or not
there is any cyclicity in the composition of the extrusive layers is not known.
P. F. Pagnacco (1969) noted in the area south of Asmara a change from
felsic rock types in the west, to mafic types prevailing in the east. More mag-
matic cycles, starting with basic and terminating with more felsic magmas,
could nevertheless be expected.

The chemical composition of the extrusive rocks examined is shown in
Table 1. The extensive alteration, as reflected in the present whole-rock
chemistry, makes classification difficult. Two analyses (Nos. 8, 9), obviously
referring to the same rock types, have been added from G. Dainelli {1943).

The Tsaliet Group is overlain by the more sedimentogeneous Tambien
Group, its thickness apparently of the order of several thousand metres. It
consists of shale, slate and quartzite with interbeds of volcanogeneous rocks
and dark limestone which merge into the former, making differentiation
practically impossible. The younger Didikama, Sherare and Mateos Formations
overlie the former two Groups on the margins of the discussed area, either
conformably or unconformably, and consist of limestone, dolomite, calcarecus
sandstone and finer marine sediments (V. Kazmin and A. J. Warden,
1975).

Ultrabasic rocks and their metamorphic derivatives have not been en-
countered and do not, to the writer's knowledge, exist in the area discussed.
Serpentinites exist in the Lower Barca valley in extreme northwest Eritrea
(L. Usoni, 1952), and reportedly also in southwestern Eritrea (V.Kazmin
and A. J. Warden, 1975).

For practical purposes, and as shown in Figure 2, the Upper Precambrian
sequence can be roughly subdivided, on the regional scale, into three litho-
stratigraphic units: massive metavolcanics are prevailingly massive and schi-
stose extrusives and pyroclastics with subordinated sedimentary rocks, schistose
metavolcanics are prevailingly schistose bedded volcanogeneous sediments, and
metasediments, on the top of the succession, have been derived mainly from
argillaceous-arenaceous-calcareous sediments with very minor reworked vol-
cahic material.
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Sulphidic and oxidic ore deposits and occurrences, usually accompanied by
quartz veins and skarn-type epidotised rocks, are intercalated within the
Tsaliet and Tambien succession. Ferruginous chert and purple siliceous zones
also occur in the upper sedimentary unit.

Intrusive rocks. A variety of felsic rock of apparently granitic-dioritic com-
position intrudes the Upper Precambrian sequence. No systematic petrological
examinations and no differentiations on the regional scale have ever been
done. The granitoid rocks show variations from foliated gneissose granite
merging into surrounding schist, porphyritic granite and granodiorite to fine-
grained microgranite, syenite and diorite, with subordinated gabbro in places.
The form of the masses varies between huge irregular or elongated complexes
with schistose rocks preserved as roof pendants only, and rounded circular
masses of quite restricted dimensions.

The intrusive rocks cover more than half of the area referred to, as in other
parts of the northeastern Africa and Arabia, where foliated gneissose granite
has been considered “syntectonic”, the others, especially minor, rounded or
circular, clearly intrusive bosses “posttectonic”. Such a simplified division
seems inadequate since the intrusives obviously differ in composition, origin
and age.

The greater part of the granitic rocks in northern Ethiopia have been
identified with the Mareb Granite of the Central Tigre, which intrudes the
Tsaliet and the Tambien Groups. The prevailing rock type is a leucocratic,
pink, alkali potassic porphyritic granite, euhedral orthoclase and microcline
perthite being the prevailing phenocrysts, and sodic plagioclase quite sub-
ordinate. The mafic minerals are biotite and hornblende, There are variations
in texture and mineral composition within the intrusive bodies. Medium-grained
granodiorite is widespread, with quartz and sodic plagioclase present in larger
amounts. Quartz may be absent and the rocks grade to monzonite and syenite,
the latter occurring as small isolated bosses. M. Beyth (1972} gives the fol-
lowing composition for the Mareb Granite:

Si02 A 1203 Nozo KZO {per cent)

68,2-63,6 18,4-14.0 7.12-5.,85 2,94-2,67

Some older data for various granites by G. Dainelli (1943) show the
following composition (Table 2).

The rocks are peralkaline. C. R. Neary et al. (1976) stressed this feature
as being typical of the “Younger granites” in Sudan.

Field evidence suggests that certain rather smaller masses, by their mi-
neralogy, colour index and composition, are closer to diorite. Typical examples
are the intrusive rocks northwest of Asmara in the Embaderho-Ad Teclesan
area; these sodic granitoids correspond compositionally and mineralogically
to porphyritic quartz keratophyre interlayered with massive ore in the
Embaderho sulphide deposit.

The chemical composition of the Embaderho quartz diorite, together with
two examples of dioritic rocks quoted by G. Dainelli (1943) is shown in
Table 3 (Nos. 2, 3).
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Table 2 Chemical composition of various granites (After G. Dainelli)

Sample . 5
No., 5102 'l'iO2 AI203 F.ZD(‘I FeQ Mg0 Ca0 Nazo Kzo P2°5 H20

4,82 0,40

7319 - 13,55 046 - 0,28 0,94 68
062 2,55 0,17 0,25
8
51

5
73,96 m  13.75 0,52 0.9 048 1,9 5
38.67 w 17.68 2,21 3.8 3,28 4,82 5,
7436 - 13,56 0.67 1,19 029 0,89 4

3.27 0,57 0.4%
4,9 ¥ 1.0

N -

Provenance of samples:

No.1 Adi Enfi (Decamerhe). Granite

No. 2 Fort Cheren, Granite

No. 3 Elabaret east of Cheren. Granite

No. 4 Coatit (Senafe-Saganeiti area). Quatrz diorite

Table 3 Chemical composition of dioritic rocks

Somple . R S+
No, 5-02 Tio, A|203 Fozoa Fe0 Mn0 Mg0 Cad Nozo K20 P205 $  Hy

1 69.00 018 1530 1,68 0,59 0.03 0,91 5.23 3.8 0.53 0.15 0,04 2.55
2 58,67 0,09 16,21 4,17 3,54 3.19 6.25 5,09 1.89 0,25 1.29
3 51,04 0,72 17,81 3,75 6,17 5,30 8,98 3.81 1,00 0.72 1.48

Provenance of samples:

No.1 Embaderho, Quartz diorite; drillhole EMB 4/70, depth 198.4m
No. 2 Adi Berim (Coatit). Quartz diorite

No. 3 Brigantia (Cheren). Amphibole diorite

Although little can be said from one analysis, the composition of the
Embaderho quartz diorite (No. 1) seems close to the composition of batholitic
granites in Sudan, quoted by C. R. Neary et al. (1976). The rock is, however,
extensively altered and difficult to classify,

Some smaller dioritic bosses occur adjoining the granite west and east of
Asmara. P. F. Pagnacco (1969) mapped diorite in the Adi Daro area,
C. R. Garland (1972) in the Adigrat area and R. M. Parsons (1965) on
the eastern escarpment. M. Beyth (1972) observed dioritic stocks associated
with the Mareb Granite in Tigre and named them Forstaga Diorite, the typical
being a quartz-amphibole diorite with biotite and pyroxene, foliated in places
and containing secondary minerals, its composition ranging as follows:

Si0

v Al203 Cal Ky0  {per cent)

38,6-53.5 16.2-12,5 6.3-6.0 2,7-1,24

He stated, that diorite was intruded before the Mareb Granite. However,
textural and compositional variations between granitic, granodioritic and
dioritic rocks are common. Rocks of dioritic appearance, grading into granite,
were noted on the margins of the Decamere granitic stock near Adi Rassi,
near Dongolo Basso, in the Agametta area, south of Adi Quala, near Adi Daro,
at Tsehafe Emba, north of Axum and elsewhere. Dioritic rocks apparently
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originated by differentiation. However, not all the recognised diorites seem
to be comagmatic.

Apart from peralkaline granite characterised by potash feldspar, there
is, at least, an intrusive generation of dioritic rocks with abundant secondary
minerals replacing virtually all primary mafic minerals. It is subalkaline,
sodic, very low in potassium and ferrous iron, with rather high lime content.
The petrochemical similarities with the porphyritic-keratophyric types of
Tsaliet metavoleanies suggest a common origin, the rocks of the same magmatic
episode probably formed by some sort of differentiation of original melts,
emplaced partly as domes and partly extruded as flows on the sea floor.

Other rock types present in forms of smaller bosses, apparently differentia-
tion products as well, are gabbros and syenites. The Gemahlo ring complex in
the extreme west of the area has a gabbroic-syenitic core surrounded by
porphyritic microgranite. Many similar rings, about 83 recognised so far, occur
in the northeastern Sudan and appear to be of the “Younger granite” type,
their actual age uncertain (J. R, Vail, 1971; 1973; J. C. Briden, 1973).

The thermometamorphic effects are hardly to be found on the contacts with
intrusives; they emplaced apparently at shallow depths and were relatively
poor in volatiles, producing only modest metamorphic aureoles.

Numerous aplitic and porphyritic dykes intersect all rock types in various
directions, their age uncertain, apparently belonging to further stages of
magmatism. The prevailingly fine-grained leucocratic rocks are rich in feldspar
and mostly strongly weathered (kaolinised) on the surface. Melanocratic meta-
doleritic dykes occur in places.

Auriferous quartz veins. Following the planes of weakness along foliation,
there are numerous auriferous quartz veins and reefs in Eritrea, the gold
grades variable between 2 and 30 grammes per ton. Epidote, chlorite, carbonate
and sericite are associated with scarce sulphides, copper stainings frequent.
The veins are varied in lenght, width and depth, the largest up to several
hundred metres long and several metres wide. They were extensively mined
in Eritrea in the past (L. Usoni, 1952; D. Jelenc, 1966). The age of em-
placement of auriferous reefs is uncertain.

Time relations and correlation

Regarding the ages of Precambrian rocks in Ethiopia, no systematic dating
has been done. A correlation was attempted by V. Kazmin (1975), who
originally ranged the Tsaliet Group within the 1,000—750 Myr interval, but
considered later lowering it within the middle part of the Upper Proterozoic
(1978).

The number of random radiometric age determinations of the Precambrian
in Ethiopia is more than 50. The majority of ages in different rock types fall
within to range of 550 + 100 Myr, defining the Pan African thermo-tectonic
episode or event (W. Q. Kennedy, 1964; H M. E. Shiirmann, 1964),
and reflecting the Mozambiquan rejuvenation which is evident over the whole
of East Africa.

Seven K/Ar determinations from northern Ethiopia and nine from southern
Ethiopia gave isotopic ages older than 650 Myr, of which three Rb/Sr ages of

7 — Geologija 21/
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gneissose-granites fall within the range of 680 Myr, and one, for a metamorphic
rock, gave an age of 1,030 + 40Myr (A. M. Chater, 1971). In western
Ethiopia two K/Ar ages near 1,400 Myr were obtained on granitic rocks, and
one age 794 * 40 Myr for a “younger” dioritic rock intruding the former, its
lithology variable and comprising alsc syenitic and gabbroic rocks (Metal
Min. Ag. of Japan, 1974, unpublished report).

A summary of age determinations higher than 650 Myr is given in Table 4.

The scattered isotopic data of varied provenance and mainly by K/Ar
method, with little reliable field geological information and even less comple-
mentary petrological, geochemical and structural studies, must be treated with
caution. They nevertheless suggest that the basement might have originated
much earlier than the discrepant Pan African 550 *+ 100 Myr apparent ages
indicate.

There has been much uncertainty about the ages of the granitoids in Sudan.
The earlier Batholitic granite shows gradational assimilation boundaries,
whereas the Younger granite appears in discrete bodies of variable lithologies
intruding the earlier, and associated with comagmatic extrusives (I. R. Gass
and C, R. Neary, 1970). The granite of the northeastern Sudan shows
apparent Mozambiquan K/Ar age in the 630—420 Myr range (J. R. Vail and
D. C. Rex, 1970; J. R. Vail, 1971). A. J. Whiteman (1971) reported
a minimum 740 + 80 Myr age for the Younger granite, B. J. Cavanagh
(1974) gave, on Rb/Sr analyses, a 465 Myr age for the Younger granite, and
for the Batholitic granite the order of 590 Myr, but for the extrusives 670 Myr.
C. R. Neary et al. (1976) established that the Batholitic granite, together
with the oldest phase of the Younger granite and volcanics as well, all carry
an isotopic age of about 700 Myr and belong to the same magmatic cycle.

The age of emplacement of younger granite ring complexes was believed by
J. R. Vail (1973) to be mainly Paleozoic. J. C. Briden (1973), however,

Table 4 Isotopic age determinations higher than 850 Myr

Province Number of (Minimum} age Method

deserminations range Myr Rock types
Eritrea 5 690-650 K/Ar  granitoids; porphyrite
1 754 " pegmatite
1 974 " mica schist
Sidamo 5 around (S0 K/Ar  gneiss, pegmatite, gra-
nites, amphibolite
K} 680 Rb/St  greisses
1 74015 K/Ar  gneiss
1 1,080 40 Rb/Sr  phyllite
Walega 2 1,400 K/Ar  foliated granitoids
1 794 1 40 K/Ar  “younger" granite

{diorite)
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gave the corresponding minimum age estimate of 750 + 50 Myr by paleo-
magnetic reversal chronological study. There are at least three phases of
younger granites in Sudan, the last two having ages of 500 Myr and 100 Myr
(C.R. Neary et al, 1976).

For southern Egypt, M. Y. Meneisy (1972) reported a number of Rb/Sr
ages in the range of 1,365—1,150 Myr, which might be “the age of the main
Precambrian metamorphism”. However, the ages of synorogenic plutonites in
Egypt range between 1,000—800 Myr. Another widespread magmatic activity
took place around 600 Myr, and a younger episode took place between
100—70 Myr.

In Saudi Arabia, according to G. F. Brown (1970), the major plutonic
events seem, from mostly Rb/Sr determinations, to have occurred at about
1,000, 735—720, 670—660 Myr, the latest 570 Myr data reflecting the Pan African
event. An extremely thick volcanic-sedimentary sequence is cut by intrusives
of the 1,000 Myr epoch. Syntectonic gneissic rocks and intermediate massive,
discordant calc-alkaline granites, comparable to synorogenic plutonites in
Egypt, range in age from 1,000—710Myr (G. F. Brown and R. O, Jack-
son, 1960). The discordant post-tectonic younger granites generally occur as
circular batholiths. Intrusive felsic rocks of Mesozoic age were found as well
M. Gillmann, 1968).

In light of these data, a tentative dating of the basement in northern
Ethiopia can be attempted. The Tsaliet and the Tambien Groups are intruded
by granitoids, and the field data suggest more stages of felsic intrusions. The
petrochemical data, insufficient as they are, point to a similarity between
some of the intrusives and the extrusives of the Tsaliet Group. It might be
therefore possible that the oldest foliated granitoids such as quartz diorites,
the early stages of later granitoids and the extrusives of the Tsaliet Group
are comagmatic, representing the intrusive and extrusive phases of the same
magmatic event, limited to a relatively short time interval. C. R, Neary
et al. (1976) came to similar conclusion for the early magmatism in north-
eastern Sudan.

If the isotopic ages around 1,000 Myr are ‘‘real” relict dates reflecting the
earlier metamorphic events, then the Tsaliet succession would be at least
1,000 Myr old. How “real” two 1,400 Myr K/Ar ages for Welega granitoids are
is not clear for the time being; they are better treated with caution. If the
early intrusive magmatism was coeval with the eugeosynclinal volcanism, then
the oldest granitoids might correspond to the synorogenic plutonism of
1,000—800 Myr age in Egypt and Saudi Arabia. This was a period of major
tectonic activity in the Earth’s geological history, accompanied by magmatism
of regional proportions (H. P. Bott, 1971). The early magmatics probably
originated from differentiated (ultramafic) mantle and possibly also, at least
partially, by anatectic crustal melting. Later upsurges of the magma fol-
lowed, the “younger” intrusive events indicated to have occurred at about
800—740 Myr and 690—650 Myr, possibly followed by the early Paleozoic and
later Mesozoic-Tertiary plutonism, corresponding to the established phases in
Sudan, Egypt and Saudi Arabia, the ages of the later plutonism bearing the
regional Mozambiquan inprint,
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The stratiform sulphide deposits apparently originated from the oldest
magmatic cycle of 1,000 Myr range. Later episodes were involved in subsequent
hydrothermal rearrangements. Massive base metal deposits of volcanogenic
origin exist in Saudi Arabia in similar environment (Dr. Garnet, pers.
comm.), as well as in southern Egypt (T. Ivanov et al, 1973).

M. Beyth (1972) and V. Kazmin (1975) attempted correlations of the
Upper Precambrian formations with those of the adjacent countries. The
absence of reliable chronological data and facial variations at widely separated
localities make such attempts difficult. Nevertheless the Tsaliet Group was
correlated with the Halaban Formation of Saudi Arabia and the Dokhan For-
mation of Egypt, and the Tambien Group with the Murdama Formation of
Saudi Arabia. However the thickness of the geosynclinal volcanic-sedimentary
sequence in Saudi Arabia is of the order of tens of kilometres (G. F. Brown,
1970), and something less in Egypt. The lower limit of the Halaban, set at about
1,000 Myr (A. H. Sabeth, 1972) might be, together with the Dokhan
Formation, even older. The Tsaliet Group may therefore correspond to the
lowest part of the Halaban Formation or even to the DBaish greenstones
underlying it, the corresponding element in Sudan the Nafirdeib Series
{A. J. Whiteman, 197]; A. H. Sabeth, 1972).

Structural features

The available data on pre-Cretaceous (pre-Rift) tectonic in northern Ethiopia
suggest that major orogenic deformations affected the region. The absence
of systematic studies makes the interpretation of the early regional tecto-
-geology difficult.

A dominant submeridional geological trend is obvious in the structural
pattern of the Precambrian assemblage, swinging from the meridional direction
in the Asmara area gradually westwards in central and western Tigre. The
foliation and bedding are generally conformable. The rocks have been tightly
folded, the axes of isoclinal folds trending in the same direction, the variable
dips generally steep. C. R, Garland (1972, unpublished report) observed
monoclines, open folds, also recumbent folds and thrusts in central Tigre, the
axial planes of overturned folds dipping west and northwest. Tight isoclinal
folding is clearly evident in western Tigre, the attitude of the beds steep.
Vertical dips prevail also in the Asmara area where the folding is evident in
the repetition of units. All the deformations were caused by east-west directed
compression.

Major faulting, trending in the same directions, has been recognised, the
fault planes either vertical or steeply inclined west. Low-angle thrust-faulting
is suspected as well, paralleling the bedding and hence difficult to recognise.
Such a structure is indicated in western Tigre, where the Sheraro Formation
discordantly overlies the volcanic-sedimentary complex. These dislocations
within the Precambrian sequence are considered to be mainly of early origin,
forming arcuate lineaments more or less oblique to the trend of the eastern
escarpment, which is associated with the post-Cretaceous rifting. The faulting,
representing the main tectonic stage in the post-Paleozoic period, is associated
with the formation of the Rift system. The uplifting of the plateau is confined
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mainly to the proximity of the escarpment, the fault planes dipping steeply
east, the displacements eastwards (P. Mohr, 1962). Younger faults on the
plateau cut across the Precambrian lineaments either parallel to the Rift trend
or obliquely to it, with minor lateral and vertical displacements. Rift tectonism
was accompanied by basaltic eruptions, from the Trap Series covering the
plateau to the recent volcanism, which is still active in the Afar today.

DESCRIPTION OF DEPOSITS AND OCCURRENCES

The known ore deposits and occurrences are shown in Figure 2. They appear
as conspicuous elongated outerops, conformable with the bedding of the en-
closing rocks, but exhibit also irregular, breccious or fissure character, their
size rather restricted in dimensions. Some of them have been more or less
explored and the majority reconnoitred only. The main primary ore minerals
in order of abundance are pyrite, sphalerite, chalcopyrite, pyrrhotite, magnetite,
galena and some minor sulphides. Silver and gold are present and associated
with the sulphides. The primary gradings are rather low; increased tenors
have originated mainly in secondary enrichments.

Embaderho

The prospect is situated 10 km northwest of Asmara. It was explored during
1069—1971 by detailed mapping, soil geochemistry, some magnetic and electro-
magnetic survey and deep drilling (7 holes totalling 1,363 m).

The “S” shaped gossan is about 1 km long and up to 100 m wide, conform-
able within the foliated rocks and dissected by longitudinal faults, as illu-
strated in Figure 3. Weathered quartz diorite outcrops to the east, and another
smaller boss of granite porphyry merges into the adjacent schists to the west.
The enclosing lithologies are massive epidotised volcaniclastic greenstone,
tuffaceous greenschist, quartzose hornfels rock, chlorite schist, mica-sericite
schist, pyritised quartzitic rock, all varying laterally and vertically, intimately
interbedded with porphyritic-keratophyric layers and massive amphibole-
-chlorite cherty rocks. Numerous aplitic dykes and quartz veins are scattered
in the area, the largest the 600 m long Medrizien quartz reef nearby, being
mined for gold in the past, the grading 3 to 8 grammes per ton (L. U soni,
1952). It is surrounded by hydrothermally affected sericitised and silicified
rocks.

Beds of massive sulphides occur within the sequence. Drillhcle EMB 1/70
(45°, 315.15 m) intersected 20 layers of massive ore, some several metres thick,
and numerous beds, bands and zones of disseminated sulphides, together with
more than 40 layers of porphyritic extrusives. Drillhole EMB 7/71 (45° 114 m)
intersected more than 30 m (true thickness) of massive pyritic ore, and other
drillholes revealed abundant ore and extrusive layers as well. Drill sections
are illustrated in Figure 4.

Petrography. The interlayered porphyritic rocks are prevailingly leucocratic
fine- to medium-grained with low, slightly variable colour index, the textures
felsophyric and felsitic. Quartz and feldspar occur as phenocrysts, the former
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Fig. 3. Geological map of the Embaderho prospect

in bluish, corroded, rounded grains up to 5 mm in size, the latter smaller and
strongly replaced by a turbid, opaque aggregate. Twin measurements normal
to (010) indicate albite to albite-oligoclase. Remnants of hornblende are rare.
There is white mica but no biotite, and chlorite and epidote are ubiquitous.
Strong alteration has replaced the primary minerals by a fine-grained mosaic
of chlorite, zoisite, sericite, epidote, calcite and quartz, all of them forming
the microcrystalline matrix. Minor irregular sulphides are present as well,
The outcropping intrusive rock in the Embaderho area, though weathered,
is similar in appearance. Encountered at depth in drillhole EMB 4/70, a gradual
textural transition from porphyritic into hypidiomorphic granular massive rock
was revealed, the mineralogy essentially the same as in the extrusive porphy-
ritic layers. The strongly altered rocks can best be designated as quartz diorite.
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Fig. 4. Sections of drill-holes EMB 1,70, 4/70 and 7/71, and Cu, Zn tenors at Embaderho

The quantitative mineral composition of 4 samples of the Embaderho extru-
sives and one sample of quartz diorite is given in Table 5.

Compositional and chemical similarities (Tables 1, 3 and 5) suggest that the
intrusive and the porphyritic rocks are comagmatic, derived from the same
source and apparently coeval. These rocks have been extensively altered. To
what extent the present composition — high alumina, magnesia and lime con-
tents, low sum total of alkalies with sodium exceeding potassium nearly 7:1 and
low ferrous iron — reflects that of the original magma, or if it is due to a later
metasomatic redistribution of components, has not yet been sufficiently exami-
ned. The determinations of alkalies and earth alkalies on a number of rock
samples, visually selected as altered to different degrees show, as Table 6 illu-
strates, that magnesium and calcium contents sharply increase with stronger
alteration, whereas sodium seems to decrease and potassium remains unaffected.

A tentative conclusion can be made that the original early magma produced
shallow domal intrusions under the depositional basin, at the same time erup-
ting subaqueously on the sea floor forming alternating flows with sediments
and stratiform sulphides. A close genetic link with the formation of the sulphi-
des is implied via solutions to which, partially at least, the extensive rocks’
alteration must be attributed. Whatever the origin of albite — either magmatie
or due to soda metasomatism in the early stages of magma consolidation from
earlier more calcic plagioclases — lime and magnesia must have been intro-
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Table 5 Mineral composition of magmatic rocks at Embaderho

Porphyritic extrusives  Quortz diorite

Samples: A B C D E

Phenoecrysts: Quartz 5 2 8 7 15
Feldspar (albite) 35 35 30 30 35

Hornblende - - - - 2

White mico (sericite) 10 15 B 15 10
Chlorite 10 7 20 5 8
Epidote and zoisite 12 5 8 8 5
Calcite 3 2 2 3 3
Granular opaque matrix 25 34 24 2 3z

Samples are:

A Porphyrite; drillhole EMB 1/70, depth 855 m

B Quartz keratophyre; drillhole EMB 1/70, depth 136.2m
C Mesocratic quartz keratophyre; EMB 1/70, depth 2242 m
D Quartz porphyrite; drillhole EMB 1/70, depth 310.5 m

E Quartz diorite; drillhole EMB 4/79, depth 1984 m

Table 6 Alkalies and earth alkalies in variously altered extrusives at Emba-

derho
. No, of

Drillhole samples Mg0 Caf N020 l(20 Rock type

EMB 4/70 5 1.02 4,15 4,34 069  Quariz diorite, slightly altered
1 0.9 4,00 7,40 0,78  Aphyric porphyrite, slightly altered
9 1,34 568 4,21 0,76  Alered porphyrite
1 1,55 8,40 6,30 0,72  Aphyric porphyrite, strongly alrered
1 2,00 9.6 1.25 1,27  Porphyrite, strongly altered
! 8.8 13,4 0,33 0.19 Quartz keratophyre, extremely oltered
2 1.1 3.8 4.25 0,81 Contact of porphyrite with ore

duced from an extraneous source by solutions, which apparently caused epi-
dotisation, zoisitisation and carbonation of the original rock.

The same low-temperature hydrous mineralogy is observed also in the
schistose members of the volcanic-sedimentary pile: chlorite, white mica,
epidote-zoisite, tremolite-actinolite, tale, quartz and some albite and calcite
are the essential constituents. Pyrite metacrysts (?) in these rocks are arranged
in bands parallel o foliation, often corroded, fragmented and altered to se-
condary limonitic products surrounded by patches of chlorite and epidote. Bio~
tite is completely absent in the schists as well, though there is phlogopite in
certain parts of the rocks, usually associated with sulphides, and seemingly
a secondary mineral.

Contacts of ore with greenschists are mainly gradational, with streaks of
disseminated sulphides and magnetite in chlorite- and epidote-enriched schists,
the rocks dense and cherty. Contacts of porphyritic flows with massive ore are
sharp and marked by a narrow zone of fine-grained granoblastic of nemato-
blastic intergrowth of lime-bhearing silicates, with abundant chlorite, sericite,
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phlogopite and calctie. In ore, coarse crystalline pyrite marks the contact, with
interstitial quartz and locally concenirated chalcopyrite.

Ore mineralogy. The mineral paragenesis of the Embaderho ore is rather
simple.Pyrite is the most abundant sulphide mineral. At least three genera-
tions arc present. The early euhedral pyrite in grains up to 15mm in size is
usually poeciloblastic and corroded. It apparently crystallised first, together
with lime silicates and magnetite, and was replaced by other sulphides. Ano-
ther generation forms irregular granular masses, clustering around larger
grains and interbanded with younger sulphides (Fig. 5). The bulk of pyrite
occurs as a globular aggregate of densely packed oval grains, with interstitial
quartz, calcite and small amounts of other sulphides. There is also a microcry-
stalline gel-pyrite, occuring in irregular rounded forms of apparently colloform
origin.

Magnetite forms individual euhedral crystals up to 10 mm in size; poecilitic
inclusions of pyrite, and blebs of pyrrhotite and sphalerite are common (Fig. 6).
The bulk of magnetite occurs as finegrained masses, usually associated with
granular sulphides in narrow alternating bands. It is intimately associated with
sulphides but much less abundant than pyrite.

Pyrrhotite, too, occurs in fine-grained porous form, mixed and interbanded
with other sulphides (Fig. 7). Together with magnetite it is found in deeper
parts of the sequence only, forming massive ore and in places prevailing over
pyrite. Associated with coarse chalcopyrite it forms also distinet vein-like inclu-
sions in massive ore.

Chalcopyrite seems to occur in at least three generations: as inclusions in
the early euhedral pyrite and magnetite, as unoriented exsolution blebs in dark
sphalerite associated with massive magnetite-pyrrhotite ore (Fig. 8), and as
individual subhedral grains and interstitial fillings. It forms replacement rims
around the early pyrite, and it is seen to grade into gel-pyrite.

Sphalerite is the most abundant base metal sulphide. It occurs in irregular
grains and shows mutual boundaries with chalcopyrite. At least three genera-
tions are present. A dark brown xenomorphic variety is closely associated with
granular magnetite and contains minute exsolution blebs of chalcopyrite. It is
also poecilitic in the early pyrite and forms interstitial fillings in mosaic py-
rite, replacing it. Another deep yellow resinous variety appears interstitial on
higher levels, and in veins with quartz and other sulphides.

Galena is obviously a later constituent and is present in very minor amounts,
mainly in globular pyrite ore, replacing pyrite. It is found also in bands of
disseminated sulphides within the greenschist, and occurs associated with lime
silicates and vein quartz as well.

Chalcopyrite and bornite occur occasionally at upper levels, both apparently
of supergene origin.

Quartz is the main gangue mineral. Silicate gangue minerals epidote, tre-
molite-actinolite, chlorite, white mica and phlogopite occur in prismatic cry-
stals and felted aggregates, usually idiomorphic against opaque minerals, or
forming the matrix in which they are embedded. Crystalline calcite is abundant
in places. Gypsum was also identified in banded ore, its hypogene or supergene
nature unclear. Deep green chlorite and epidote occur with sulphides in vein
quartz, and andradite is exceptionally present as well.



274 Milan Hamrla

Fig. 5. Early euhedral pyrite
surrounded by gel-pyrite. Spec.
EMB 1/70; No. 15. X 150

Fig. 6. Granular pyrite-magne-

tite-sphalerite ore, intergrown

with lime-iron silicates, Spec.
EMB 4/70; No. 59. X 150

Fig. 7. Irregularly shaped tex-

ture of pyrrhotite-magnetite

ore, Spec. EMB 1/70; No. 15.
X 150
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Fig. 8. Magnetite-sphalerite ore

with exsolved chalcopyrite in

dark sphalerite. Spec. EMB
4/70; No. 66. X 150

Fig. 9. Banded massive sulphi-

de ore: pyrite, magnetite and

tremolite-actinolite interban-

ding. Granular pyrite embed-

ded in quartz at top. Spec.
EMB 1/70; No. 87

Fig. 10. "Porphyroblastic* ore:
early subhedral pyrite surroun-
ded locally by chalcopyrite, in
a fine-grained, banded matrix
of pyrrhotite and magnetite.
Spec, EMB 1/70; No. 18
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Texture, paragenesis and zoning. The ore is fine- to medium-grained, pre-
vailingly banded (Fig. 9) but also dense, even-grained massive, occasionally
with larger grains ranging to 15 mm in diameter scattered in places. Very fine-
grained masses with colloform-like texture are rare. »Porphyroblastic« texture
(Fig. 10) is confined rather to lower levels, and mosaic-textured pyrite ore to
upper ones.

The apparent mineral paragenetic sequence, as deduced from examinations
of polished sections, indicates that the euhedral pyrite, magnetite and lime-iron
silicates formed first. The flowage-textured magnetite and pyrrhotite followed,
embedding the early minerals and interbanding with other components, Spha-
lerite, chalcopyrite, second generation pyrite and galena seem to be associated
with the later surges of the mineralising fluids. The following succession is
normally observed in banded ore:

Quartz, chlorite and lime-iron silicates
pyrite prevailingly

magnetite and pyrrhotite

magnetite and pyrite.

The syngenetic zoning is expressed morphologically and mineralogically.
In deeper parts of the deposit, closer to the dioritic dome, magnetite and pyrrho-
tite prevail, together with the early coarse-grained pyrite and lime-iron silica-
tes, with pyrrhotite-chalcopyrite channels cutting across the ore mass. This
portion obviously corresponds to “stringer ore“ of D. F. Sangster (1972).
Pyrrhotite decreases upwards whereas magnetite persists and pyrite prevails,
the texture both banded and massive granular. The highest levels, thought
to be most distant from the magmatic source, are composed of mosaic-textured
ore of even-grained pyrite, the grain size about 1 mm, with interstitial quartz,
calcite, chalcopyrite, yellow sphalerite and galena, with traces of magnetite and
lime silicates but no pyrrhotite. Mierocrystalline colloform gel-pyrite occurs
only in the lowest levels, chalcopyrite and sphalerite on all levels and galena is
associated mainly with the yellow sphalerite.

The zoning pattern may be simply explained by decreasing temperature of
the ore-bearing solutions with the distance from the magmatic source. There
were however more surges of fluids at variable temperatures, as evidenced
morphologically and paragenetically. Swarms of quartz veins with pyrite, chlo-
rite, chalcopyrite, calcite, epidote and even brown-pink garnet can be seen in
the greenschist adjacent to ore, the features apparently channelways in which
the solutions moved.

The composition of the ore can be seen from the assays of drill cores. The
bulk composition encountered in some drillholes is shown as average values in
Table 7, and in Figure 4, the expected average tenors in Table 12. There is no
trend in metal contents and no correlation between pairs of metals. Gold has
not been determined; it is low if there is a linear relationship with base metal
values (J. Kaliokoski, 1965). Gold values up to 1.2 ppm have been de-
tected in soil, the corresponding silver values up to 4 ppm, and molybdcnum
values up to 7 ppm.

The tonnage of the deposit is indicated in the order of several millions of
tons of the ore mass.
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Table 7 Metal contents of drill cores at Embaderho

Ore layers Tevs
lhlcrkrms Cv Zn Pb Cd As Co Ni Ag Memnl ratio
( (per cent) {ppm) (@/t) CufbZn
Number m)

Dritlhole EMB 1770
1
max, 9.50 1,40 043 56 490 59 519 28 8
min, 1,53 00 005 17 5 17 49 12 2
average 5.07 077 0,23 31 66 39 230 22 4.7 250:1:%

Drillhole EMB 4/70

10
maxe 11,40 1.14 3.8 790 ? 58 515 90
min, 0,96 0,01 0,11 &

average 3,84 0,39 1,81 135 3% 121 35 30:1:134
Drilihole EMB 4/71
7 )

max, 5.6 0,64 4,55 121 196 73 ? T 32

min, 1.42 0.4 2,11 7 ? 14 4
average 2,72 031 3,49 90 87 43 12 34:1:390
Drillhole EMB 7/71

4

max, 12,85 0.76 3.84 158 124 65 ? ? 17

lllil'l. l .32 0.25 l .77 28 36 23 ']
average 5,66 0,49 249 104 87 49 14 5051 250
Weighted mean
composition of the 0,52 1,83 87 a0 10
ore mass

Adi Nefas

Situated 5 km north of Asmara, the prospect was explored between 1867 and
1971 by soil sampling, detailed mapping, electromagnetic and magnetic survey
and deep drilling (9 holes totalling 953.9 m).

The deposit shows up as a 2km long and up to 20m wide dark siliceous
gossan dipping 78° east, surrounded by, and petering out into schists. The coun-
try rock is an alternation of green chlorite schist, quartz-chlorite-sericite schist,
massive greenstone, violet spotted schist, phyllite, mica schist and subordinated
dark brown quartzite. Dyke-like porphyritic layers 3 to 15 m wide are aligned
in the steeply dipping sequence. There are numerous quartz reefs in schist,
some of them auriferous (L. Usoni, 1952). Figure 11 illustrates the deposit.

The magmatic rocks are white-green banded porphyritic types, with quartz
and feldspar phenocrysts up to 7mm in size. Feldspars are polysynthetic la-
mellar twins of slightly altered albite-oligoclase, and turbid anorthoclase, sho-
wing fine gridiron twinning, peripherally intergrown with quartz and calcite.
Quartz phenocrysts are corroded. There is some white mica, little chlorite, the
groundmass a microcrystalline aggregate of quartz, calcite, sericite and kaoli-
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Table 8 Mineral composition of magmatic rocks at

Adi Nefas
Somple No, {see Table 1)
4 5
Phenocrysts: Quartz 15 2
Albite 20 15
Ancrthoclase 10 15
Caleite 3 é

Maoirix: sericite, quartz, calcite, 52 a4
kaolinite, chlorite

nite. Calcite surrounding feldspars suggest alteration of initially more calcic
plagioclase, and hence albite would be secondary. The sodic rock is comparable
to quartz keratophyre. However field evidence on its syngenetic nature is not
conclusive.

Another example of felsic, greenish gray medium-grained porphyritic rock
is strongly altered and shows unclear feldspar phenocrysts, few quartz grains
in a mass of epidote, chlorite and calcite. The original identity of the highly
aluminous rock is obscured by alteration. It may have been originally dacite or
andesite or even a tuff-lava. The chemical composition of both rock types is
given in Table 1, and the average quantitative mineral composition in Table 8.

Drill intersections revealed massive, fine-grained, usually banded ore, com-
posed alternately of pyrite, sphalerite and chalcopyrite, with quartz and barite
gangue. In places, sulphides are intimately interbanded with schists. A typical
section is shown in Figure 12. Vein-like sulphide concentrations appear also
as open space fillings, apparently originated through later hydrothermal rear-
rangements.

The mineralogy of the polymetal ore, as visible to the unaided eye on drill
cores, is simple. The hypogene ore paragenesis and textural features, as develo-
ped from examinations of polished sections, can be summarised as follows.
The prevailing pyrite is the oldest mineral, forming coarse-granular banded
aggregates, the corroded grains rounded, with poecilitic chalcopyrite and spha-
lerite (Fig. 13). The early pyrite is embedded in and strongly replaced by a youn-
ger sequence of sulphides; the atoll replacement texture is conspicuous. A fine-
crystalline second generation pyrite replaces sphalerite and galena (Fig. 14).

Sphalerite strongly prevails quantitatively. It is a pale brown iron-poor
variety, replacing pyrite marginally and centrally (Fig. 15). Chalcopyrite occurs
in irregularly shaped grains forming interstitial masses, replacing pyrite and
filling cracks in sphalerite. Tennantite occurs in isolated larger grains and is
marginally replaced by sphalerite. Minor galena appears in small grains, every-
where associated with tennantite, and is locally replaced by sphalerite; it can
be found also in small inclusions in later pyrite (Fig. 16). Enargite is present
in very small rare grains, and minor lamellar, apparently hypogene, chalcocite
is embedded in sphalerite. Supergene chalcocite shows preferential marginal
replacement of chalcopyrite, sphalerite and galena but rarely of pyrite.
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Fig. 13. Granular texture of

ore with younger sulphides re-

placing the early pyrite. Spec.
AN 6; No, 17. X 150

Fig. 14. Late-generation pyrite

replacing galena and sphaleri-

te; galena in turn replaced by

sphalerite. Matrix is quartz

(black). Spec. AN 5/71; No. 1.
X 150

Fig. 15. Atoll-textured early

pyrite, replaced by sphalerite

and chalcopyrite, with rims of

chalcocite. Spec. AN 7; No. 2.
X 150

8 — Geologija 21/11
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Fig. 16. Granular ore of se-
cond generation sulphides in
quartz. Spec. AN 6; No. 16.

X 150
Table 9 Estimated ore grades of Adi Nefas ore
Cu Zn Pb | Cd Co Ni As Ag  Av
(per cent) (ppm) (o/1)

Range from 0.1 0,1 0.01 180 60 10 380 45 0.8

to 9.3 30 6 1100 120 60 2030 350" 7.4

Estimated 1.52 7-10 0.8 | 300 80 35 500 100 2.3
overage

Quartz is the prevailing gangue. Fine-crystalline barite is abundant especially
in massive sphalerite-chalcopyrite ore. Minor calcite is present as well, accom-
panied by white mica and chlorite.

Galena, bornite, covellite and tenorite have been observed in some quartz
reefs in the vicinity of gossan.

Gold and silver in Adi Nefas ore are probably associated with pyrite and
tennantite respectively. There is no clear-cut correlation between precious and
base metals.

Microscopic evidence indicates that the early sedimentary mineralisation
was followed by hydrothermal rearrangements of ore minerals in apparently
permeable, tectonically originated features; the superposition is evident in the
locally oblique trend of the gossan with respect to the foliation.

The composition of ore is erratic and is shown for some metals in Figure 12.
The ranges of metal contents. as determined on assayed split drill cores, and
estimated average grades are shown in Tables 9 and 12.

Debarwa

The deposit is situated about 30 km southwest of Asmara. The unsuccessful
drilling exploration of 1966—1968 (38 holes totalling 4,586 m) was resumed in
1971; together with detailed geological and geochemical surveys revealed the
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Fig. 18. Sections of drill-holes DB 1/70 and 6 A, and Cu, Zn, Pb tenors at Debarwa

prospect’s economic potential. Nippon Mining Co. developed it during 1973—1974
and started mining. _

Three mineralised zones are evident on the surface and a fourth has been
disclosed by soil geochemistry, trending more or less parallel with the foliation
of the extremely weathered schist, dipping west at a medium angle (Figs. 17
and 18). Gossan consists of black botryoidal limonite, ferruginous earthy masse,
limonitic breccia and jasper and impure barite, the latter occurring centrally
within outcrops or forming »veins« in gossan. The largest barite body is well
over 100 m long and several metres thick. No malachite staining can be seen on
the surface.

The prevailing rock types are quartz-sericite schist, sericite schist, chloritic
greenschist and tuffaceous calc-epidote schist, and locally greywacke, Narrow
beds of black shale and grey phyllite are intercalated. Some feldspathic por-
phyritic rocks were penetrated in drillholes, and interbedded layers of massive



The massive sulphides and magnetite deposits of northern Ethiopia 285

Fig. 19. Replacement texture of
ore; black material is quartz.
Spec. DB 6 A; No. 58 m. X 150

Fig. 20. Strongly corroded py-

rite embedded in sphalerite

and quartz (black). Spec. DB
3 A; No. 103.5 m. X 150

Fig. 21. Selective marginal re-

placement of younger sulphi-

des by bornite. Spec. DB 6 A;
No. 65m. X 150

A
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greenish rocks probably originated from intermediate volcanic rocks. Siliceous
rocks such as silicified schist, chert and jasper are abundant and usually sur-
round the ore. Numerous near-vertical basaltic dykes, belonging to Trap Series
volcanism, run slightly obliquely to the foliation, together with numerous
barren quartz veins.

Mafic dykes, quartz veins and gossanous zones developed along the teetonic
lines of weakness. Post-mineralisation faulting is evidenced by breccias, slicken-
sides and shearing, the most prominent longitudinal fault following the Gual
Mareb river valley.

Drilling revealed massive, bedded, fine- to medium-grained polymineral ore,
fine disseminations in schists and vein-like sulphide concentrations, the total
thickness of several mineralised zones being of the order of tens of metres. The
schists near ore are frequently kaolinised. The ore control is stratigraphical
and structural, the ore zones dipping apparently under different angles. Soil
geochemistry confirmed the multi-stage character of mineralisation, with copper
and zine distribution patterns indicating contemporaneous precipitation of both
metals, and the separate deposition of lead, controlled by transversal faults.

Polished sections of a number of random samples revealed hypogene mine-
ral paragenesis similar to that of Adi Nefas. Pyrite is again the prevailing
opaque mineral, the oldest in the paragenesis, surrounded by quartz and youn-
ger sulphides replacing it (Fig. 19). Its corroded grains are rounded and exhibit
caries texture. A younger fine-grained generation of pyrite is also present.

Sphalerite is intimately associated with the younger paragenetic associates
chalcopyrite, tennantite and enargite, all of them anhedral and replacing the
early pyrite (Fig. 20). Chalcopyrite is replaced by sphalerite and bornite (Fig.
21). Tennantite appears in larger grains and shows mutual boundaries with
sphalerite. Rare enargite occurs mainly in pyrite-sphalerite banded ore, margi-
nally replacing the latter. A younger generation of tennantite appears along
the rims of enargite, and was clearly derived from it. Galena is the latest
sulphide, quantitatively negligible. It occurs also in small veinlets cutting
through older sulphides.

Bornite replaces chalcopyrite marginally and along cracks. Together with
chalcocite it replaces massive pyrite in the cementation zone, both minerals
accounting for the very high copper grade up to 31 per cent (Fig. 22). The ob-
served bornite-chalcocite lattice intergrowth suggests either an exsolution un-
mixing or a supergene replacement of bornite by chalcocite, the later option
being more acceptable since the bulk of anisotropic bluish chalcocite is super-
gene. There are minor amounts of covellite and ferric hydrous products. An
important cementation took place at Debarwa at a depth of about 50 to 60m
below the Gual Mareb valley.

Quartz is ubiquitous, and barite forms the essential part of the outcrops but
does not extend to any great depth. Rare calcite is restricted to the oxidation
Zone.

Mutual replacement is evident in the multi-stage hypogene ore paragenesis,
the younger minerals replacing the earlier ones, galena seemingly the latest.
The following mineral groupings, possibly indicating the successive mineralisa-
tion stages, have been observed:
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1 2 3 4 Supergene
minerals
quartz pyrite II enargite quartz chalcocite
pyrite I tennantite I tennantite II  barite covellite
chalcopyrite  galena calcite limonite
bornite pyrite III  quartz?
enargite
chalcocite

Fig. 22. Lamellar bornite-chal-

cocite intergrowth, both repla-

cing shattered pyrite. Spec. DB
1/70; No. 4. X 150

Cu Zn Pb Ag Au
(per cent) (g/t)
Range from 0.1 1 0.25 | & 0.2
to 31 25 1 3280 2,5
Estimated 205 5 0.5 100 2
average

Several recognised ore types may be typical for certain parts of the deposit,
the ore grades apparently broadly variable from place to place. They can be
tentatively listed as follows:

— massive granular pyrite embedded in quartz matrix, with small amounts
of base metals

— strongly disseminated pyrite in schists

— banded polymineral ore rich in copper and zinc

— cementation zone ore of any of the above types, enriched in supergene
copper minerals but low in zinc.

The ore grades on assayed cores are extremely variable. The observed ranges
in primary ore and an assumed average are given in Tables 10 and 12.

Nippon Mining Co. in 1973—1974 exploited ore grading 13.8 per cent copper
(M. Hamrla, 1974). The tonnage potential of the deposit might be expected
in the order of several millions tons of commercial ore.



288 Milan Hamrla

Adi Rassi

The Adi Rassi deposit, which has been known since the 16th century, is
situated 35 km south of Asmara, Italians explored it during 1938—1939. Rene-
wed exploration in 1965—1966 involved detailed mapping and deep drilling
{10 holes totalling 1,771 m). Geochemical soil survey was done later.

Confined to two small hills of altered ferruginous rocks modestly stained
with malachite, the deposit occupies a zone about 450 m long and several tens
of metres wide. Chlorite-quartz greenschist is the prevailing rock, grading to
hornfels-like rock, interbedded with arenaceous schist, sericite schist and minor
tuffaceous greywacke, the sequence striking submeridionally and dipping steep-
1y west. Syngenetic porphyritic layers up to 40 m thick are intercalated. Massive
epidotised spilitic rock west of the deposit may have been originally andesite
or basalt. Geology of the deposit is shown in Figures 23 and 24.

Several magmatic rocks have been distinguished within the sequence.

a) A grey-green, intimately intercalated, mesocratic porphyrite has a normal
porphyritic texture with phenocrysts of corroded quartz up to 15 mm in diame-
ter, and albite-oligoclase double that size. The plagioclase is strongly replaced
and pseudomorphed by an aggregate of clinozoisite, quartz and calcite. There
are minor grains of pale-green amphibole. The matrix consists of lath-shaped
feldspar, felty amphibole, minor quartz, calcite and opaque minerals. The mode
of the rock is shown in Table 11.

The chemical composition, given in Table 1, shows a peraluminous, strongly
sodic, potash-deficient rock derived from an intermediate (dioritic) magma.

b) A dyke-like leucocratic quartz porphyry is deeply weathered and usually
malachite stained. Drillholes revealed a siliceous quartz keratophyre; a fine-
grained leucocratic matrix containing phenocrysts of quartz and remnants of
feldspars is totally replaced by a plumose aggregate of kaolinite.

c) Adjacent to porphyrite is a hornfels-like rock, its texture porphyritic, with
rare albite phenocrysts less than 0.5 mm in size, occasional smaller quartz
grains, and euhedral rhomboid calcite up to 1 mm in diameter disseminated
with magnetite. The matrix is an aggregate of quartz, feldspar, chlorite, epidote,
stilpnomelane and calcite. Disseminated pyrite, chalcopyrite, pyrrhotite and
magnetite occur in the rock, the grain size under 0.05 mm (Fig. 25). The rock
can be designated as spilite. The chemical composition of an iron-rich sample is
shown in Table 1 (sample No. 7).

d) Another fine-grained, totally altered, lamprophyric rock appears in a dyke
obliquely cutting the top of the South Hill.

The deposit is of stockwork type, consisting of intermingled veins and vein-
lets of chalcopyrite, pyrite, quartz and calcite, the rocks brecciated and cemen-
ted with these minerals, the thickness of the elongated ore body being up to
50 m and averaging about 25 m. The dual nature of the deposit is obvious. Con-
formable bands of sulphides in schist and disseminations of pyrrhotite, magnetite
and pyrite in spilitic layers are the early syngenetic constituents (Fig. 26). The
bulk of sulphides occurs in veinlets and breccia. chalcopyrite being the pre-
vailing base metal mineral. No sphalerite is visible, the values of zinc revealed
by geochemical soil survey below 2,000 ppm and hence quantitatively unimpor-
tant. There is no galena either, the soil lead values being at background level
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Fig. 25. "Submicroscopic* di-

spersion of chalcopyrite and

magnetite in siliceous horn-

fels“. Spec. AR E1; No. 136.
X 150

Fig. 26. Irregularly shaped pyr-
rhotite in siliceous rock. Spec.
AR F; No. 134. X 150

Note: Abbreviations used in photomicrographs:

py — pyrite, gpy — gel-pyrite, po — pyrrhotite, m — magnetite, cp — chalcopyrite,
sl — sphalerite, gl — galena, T — tennantite, cc — chalcocite, bo — bornite, tr —
lime-iron silicates, qu — quartz.

Table 11 Mineral composition of Adi Rassi porphyrite

Sample No, (see Table 1)

6

Phenocrysts: Quartz 8
Albite-oligoclase 15

Amphibole 7

Clinozoisite 20

Matrix: all above minerals plus calcite
and chlorite 50
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Two generations of quartz are discernible, and carbonate may be ankerite or
even siderite locally. Spilitic rock types are always low in copper or devoid of it.

The stockwork mineralisation apparently developed in a permeable zone of
tectonic fissuring. That it is a stringer type ore is improbable since it extends
along the trend of the sequence and not perpendicular to it, and there are no
layers of massive ore in which footwall such structures are found (D. F. Sang-
ster, 1972).

Adi Rassi is a copper deposit. Its relative metal contents may be roughly
reflected in the composition of a sample of tailings dump of ore, which was
milled for gold:

Cu Zn Pb Co Ni (ppm)

4900 103 10 87 77

The gold tenor of ore ranges between 0.06 and 2.14 g/t, averaging less than
1g/t (L. Usoni, 1952), Surface sampling showed less than 0.2 g/t and no
correlation with copper. Silver was assayed in several core samples, ranging
about 60 g/t. Two samples of chalcopyrite concentrate assayed less than 20 ppm
molybdenum.

Mont Saccar

The deposit is situated about 20 km north of the Asmara—Massawa highway,
at a point 45 km from Massawa. Detailed mapping and deep drilling (9 holes
totalling 733 m) were carried out during 1964—1965.

The gently north dipping schistose sequence consists of low-grade calcite-
sericite-chlorite schists and grey micaceous quartzites. Some schists appear
talcose. Dark green lamprophyric dykes run in various directions. Rich malachi-
te staining occurs in three zones from 50 to 100 m wide, the strongest concen-
tration in narrow schistose layers less than 0.5 m thick assaying up to 8 per cent
copper locally. There is no gossan. Quartz veins and inclusions are abundant
and stained with copper and limonite. The plain to the west is covered by
piedmont sand and gravel, and separated from the mineralised schist by a fault
of Red Sea direction. The region belongs to the Red Sea portion of the Rift
Valley graben and is a mobile one, marked by very young tectonic uplifting
and sinking.

Drilling revealed continuous copper mineralisation in a more than 60 m
thick and probably more than 1 km long schistose sequence, featuring impregna-
tion with pyrite and chalcopyrite. Magnetite has been observed as well. Epidote,
deep green chlorite and calcite are abundant. The shallow oxidation zone does
not surpass 15 m, and there is no secondary enrichment.

The cores were assayed for copper only, the grade being variable between
0.2 and 0.8 per cent for sections about five metres thick, averaging about 0.4
per cent. The tenor is unreliable because of very low core recovery and might
be substan’ually higher. Silver grades between 2 and 6g/t, and gold about
0.1 g/t, both assayed on some individual samples. There is no direct correlation
between copper and precious metals. Zinc and lead were not tested, both metals
being apparently low. Molybdenum was found ranging 0.006 to 0.0168 per cent,
and vanadium 0.03 to 0.13 per cent in some random samples.
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The dispersion of sulphides in schists is apparently syngenetic. Ilydrothermal
remobilisation and concentration of syngenetic copper is indicated in sulphide-
enriched quartz veins and lenses. Quartz veins occurring in schists are minerali-
sed, whereas those in the adjacent quartzites are barren of sulphides.

The absence of gossan and secondary enrichment can be explained by the
recent tectonic mobility of the area, the radial movements continuously chan-
ging the groundwater level and the drainage system.

Adi Bidel

The Adi Bidel deposit is about 8 km northwest of Embaderho, in the same
geological environment. It consists of a number of elongated bodies of mangani-
ferous gossan dipping about 50° northeast, on both sides of steep slopes of the
Mai Bella river valley. Elongated conformable layers within the schistose se-
quence are up to several hundred metres long and have a thickness of not more
than 10 m or so.

The occurrence extends in the northwestern trend of the Embaderho de-
posit, and its gossan has been apparently derived from massive sulphidic ore,
which can be expected at depth. Except for some mapping and sampling in
1973, no depth follow-up has taken place as yet.

Tarashi

Close to Adi Bidel and in its trend, in an environment dominated by green-
schists with abundant porphyritic intercalations, a swarm of parallel lens-like
bodies of gossan dipping 55° northeast occupies the Tarashi village area. The
length of individual layers varies between a few metres and several hundred
metres, the width no more than several metres. Gossan is prevailingly dark,
relatively soft manganiferous ironstone, in places well banded and siliceous,
intermingled with white quartz, and has been apparently derived from sulphi-
des. Ferruginous layers can be followed for several kilometres from the village
to the northwest.

Woki

In the wider area of Woki village some 18 km north-northwest of Asmara,
on a surface of about 5 X 5 km, there are numerous elongated bodies, lenses
and narrow zones of gossanous ironstone emplaced conformably within a typi-
cal volcanogeneous sequence. The prevailing chlorite-sericite-epidote-quartz
greenschist alternate with dense spilitic and porphyritic rocks in narrow inter-
beds, the whole complex trending meridionally and dipping 50—70° east. Minor
dioritic bosses occur in the eastern part of the area. Six or seven gossaniferous
zones have been recognised, the longest west of Mont Amusat about 3km
long, with individual bodies up to 300 m long and 10m wide, the outcrops
seemingly unrelated to rock type. An ore body several hundred metres long and
about 10 m wide runs right through Woki village.

The banded ironstone is a siliceous rock containing magnetite, haematite and
hvdrated oxides of iron and manganese in varying proportions. In places it is
dark, soft and very manganiferous with malachite staining, and in others is of
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pure red jasper or jaspilite rich in epidote. Laterally, the outcrops grade over
into ferruginous greenschist. White vein quartz is abundant, with sporadic
magnetite and chalcocite, in places rich in epidote and limonite.

Some time ago the occurrences were considered as iron ore. Though iron
content may locally reach 35 per cent or more, the average is far too low, and
silica and sulphur too high to be useful as iron ore.

Adish Adi

About 15 km north-northwest from Woki, in the Adish Adi area, there are
swarms of elongated lens-like jasperoidal rocks trending within the well folia-
ted greenschist interbedded with layers of quartz porphyrite. The strongly sili-
ceous reddish brown outcrops contain dispersed magnetite but little iron hy-
droxides. The zone extends reportedly farther northwest towards Maldie, known
for its auriferous quartz veins (L. Usoni, 1952).

Quelqua and Meke

These localities are about 30 km west of Asmara. Phyllitic schist with inter-
calated black quartzite and graphitic schist prevail in the area, the beds dipping
60—70° southeast. Some narrow and persistent sills of porphyritic aplite trend
in the sequence. At Quelqua lens-like bodies of reddish-black jasperoidal rocks
with minor ochreous iron hydroxides are up to 50 m long and several metres
wide and follow the foliation, lateral transition to phyllites being very con-
spicuous. Quartz veins intersect the outcrops.

About 8 km southwest, near the village of Meke, there is a ferruginous
body at least 800 m long and more than 10 m wide within the schistose se-
quence, grading laterally into siliceous phyllite. The banded reddish ironstone
contains magnetite and haematite.

Lamza Saharti

12 km south-southwest of Asmara, near Lamza Saharti village, a mineralised
zone about 80 m wide crops out just under the volcanic cover. It consists of
silicified ferruginous brecciated rock and intermittent smaller lenses of barite.
The country rock is highly weathered kaolinised sericite schist and grey tuffa-
ceous schist dipping 35—40° northwest. The mineralisation is similar to that of
Debarwa; it occurs in its strike extension. No malachite is visible but copper
and zinc were determined in samples of ferruginous rock.

Shicketi

Between Lamza Saharti and Debarwa, near the village of Shicketi, a mine-
ralised zone more than 400 m long and about 25 m wide appears in the schistose
weathered rock, dipping generally 50—70" northwest. It contains lens-like sili-
ceous, ferruginous richly malachite stained rock, in places strongly limonitised
and ochreous, with traces of sulphides still recognisable. The cutcrops mark the
extension of the nearby Debarwa deposit.
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Adi Cashi, Adi Key and Torat

Paralleling the Debarwa zone and about 5 km to the east, the Adi Rassi
zone is marked by minor sulphide occurrence and auriferous quartz veins. At
its northern end near Adi Cashi, within a schistose sequence dipping 50—70°
northwest, there are several elongated bodies of reddish limonitised jasperoidal
rock accompanied by parallel quartz veins, the lenght of both of the order of
several tens of metres. The mineralisation is surrounded by altered sericite
schist. Sulphide seems not to be abundant, but gold is associated with vein
quartz in this area.

At Adi Key, south of Adi Cashi, there are parallel quartz veins several
hundred metres long, dipping 70°® west. Together with similar quartz veins at
Ad Doie and Adi Ferhe, they were worked for gold in the past. Near Derbetai
large auriferous quartz veins and slight limonitisation occur within the green-
schist, the rocks stained occasionally with malachite. Torat gold mine operated
here in the past. Quartz veins occur adjacent to continuous layers of dark grey
chert of apparent volcanogenic origin.

Chenaudi and Obel

Chenaudi village is about 17 km southwest of Adi Ugri. According to Nippon
Mining Co. (pers. comm.) several lens-like outcrops of jasperoidal ferruginous
gossan with scarce malachite staining can be followed for quite long distances
within the meridionally trending greenschists, dipping steeply west.

In the drainage area of the river Obel 10 km southwest of Chenaudi, there
are several elongated jasperoidal bodies with magnetite and occasional barite
embedded in ferruginous schist, in places stained with malachite. The dimen-
sion of the largest body is reportedly more than 3 km. The volcanogeneous
sequence contains abundant layers of porphyritic extrusives.

Ruba Catina

In the drainage area of the Catina river about 30 km southwest of Adi Quala,
the volcanogeneous sequence is composed of schistose and massive greenschists,
quartz-sericite schists and various extrusive layers, trending meridionally and
dipping east. A large body of porphyritic granite extends to the northwest. Near
Catina village several bodies of gossan up to 250 m Jong and several metres
wide are aligned in the foliation of the epidotised greenschist. Gossan is pre-~
vailingly dark and ferruginous, containing discontinuous patches of barite
strongly stained with malachite and iron oxides. There are outcrops of ferru-
ginous jaspercidal rock and abundant quartz veins. In general, the mineralisa-
tion resembles that of Debarwa, the adjacent rocks being strongly weathered
and kaolinised. There are reportedly many other gossanous outcrops in the
surrounding area.

Aragab

This prospect is about 15 km north-northwest of Selaclaca, just south of the
Mareb river. Greenschist, sericite schist, quartzite and hornfelse form narrow
zones, striking southeast and dipping vertically. A ferruginous belt more than
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1km long runs on both flanks of the Aragab river, containing narrow elonga-
ted bodies of limonitic gossan and numerous parallel quartz veins, surrounded
by ochreous sericite schist. Malachite staining is abundant. Soil geochemistry
shows a mineralisation pattern of base metals analogous to other explored lo-
calities.

Tsehafe Emba

This locality is situated close to the Takeze river about 45 km south of Enda
Selassie in Tigre. Here, geochemical stream sediment survey indicated anoma-
lous base metal values.

The prevailing rock types are greenschist, quartz-chlorite schist and grey-
wacke with medium-grained grey marble interbedded in places. Coarse por-
phyritic and finer-grained leucocratic and mesocratic magmatic differentiates
are abundant, the rocks intercalated conformably, folded and sheared together
with the whole sequence. There are rocks of granodioritic appearance and aplitic
offshoots.

Malachite staining occurs in schists but for the most part it is confined to
quartz veins and stringers which are abundant but not persistent, proving hy-
drothermal activity in the area. Quartz is accompanied by epidote, chlorite,
calcite, magnetite and remnants of sulphides, evident in limonitised inclusions.
Chalcocite can also be seen in vein quartz. Weakly limonitised zones appear at
the contacts between marble and schistt M. Ahmed (1974, unpublished re-
port) found more malachite-stained mineralised zones in greenschist, the lar-
gest reportedly about 1 km long.

Benaque

In the Benaque area, about 20 km south of Enda Selassie, the country
rocks are phyllite, quartzitic schist, graphitic schist and green quartzite, the
sequence dipping 70—80° northwest. Ocherous ferruginous beds up to several
hundred metres long and tens of meires wide are aligned within the sequence,
the primary iron mineral being magnetite, probably detrital. There are no cop-
per stains, no epidote and few quartz veins.

Rama

In the Rama area about 20 km south of Adi Quala, a number of elongated
ferruginous outcrops occur within the greenschist sequence, the geological en-
vironment being reportedly similar to Ruba Catina area (Nippon Mining Co.,
pers. comm.).

Enticho

Ferruginous outcrops have been known for years about 7 km north of En-
ticho village, which is about 35 km northeast of Adua. The area is built up of
greenschist, micaceous and phyllitic schists interbedded with green porphyritic
derivatives, shale and mudstone intercalated with sandstone, bedded chert,
dolomitic slate, grey marble and greywacke, the sequence showing gradations
and interbedding over short distances and dipping generally 60—80? northwest.
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The ferruginous zone is nearly 2km long and up to 150 m wide. Several
discontinuous lenses of limonitic gossan, the largest up to several hundred
metres long and up to 20 m wide, occur in shale and phyllitic schist. The bodies
are brecciated and arenaceous, cut by longitudinal dislocations. Malachite stai-
nings are absent and base metal contents in soils are low. Gossan apparently
originated from sulphides disseminated in schist and concentrated in dilatant
zones.

Shieb

In the Shieb area, in the lowland about 60 km north-northeast of Asmara,
strong malachite staining marks a 2 km long zone within the meridionally stri-
king schist, the occurrence being similar to that of Mont Saccar as to the appea-
rance and associated rocks (I. Solomon, pers. comm.).

Gumhod and Agametta

Massive iron ore occurrences appear in a submeridionally trending belt
about 40 km east of Asmara in the lowlands. The geologic environment consists
of chlorite-sericite-quartz greenschist and quartzite with calcareous interbeds,
banded ferruginous quartzite and rare layers of epidotised extrusives. Lens-like
bodies of schistose and massive magnetite ore, associated with jasperoidal rocks,
alternate with and grade into greenschist, the zone extending intermittently over
40 km from Gumhod in the north to Agametta in the south (M. Hamrla,
1966). Magnetite ore lenses exist on different levels, their dimensions not more
than a hundred metres in length and several metres in width, in places asso-
ciated with epidote-garnet-amphibole-magnetite skarns. Massive magnetite ore
crops out, assaying up to 69 per cent iron in bulk samples. Malachite staining
is frequently associated with ferruginous rocks.

The ore consists of granoblastic martitised magnetite embedded in a quartz
matrix, with admixtures of lamellar haematite, chlorite, mica, epidote and
calcite. Minor sulphides are present, small chalcopyrite inclusions occurring
within magnetite grains, their size very minute (M. Hamrla, 1966). Later
generation quartz and sulphides are associated with skarns.

The intimate textural relationship of copper and iron proves that both me-
tals are of the same origin, the quantitative ratio of sulphidic and oxidic species
being strongly in favour of the latter in this area.

Akrur

This locality is about 9 km northeast of Saganeity and, according to an
unpublished report of W. S. Atkins and Partners, consists of a stockwork
of oxidised veinlets and stringers of limonite and malachite within a sequence
of agglomerate, spilite and tuff, dipping gently east.

Deuchan

Two zones of barite with malachite staining, the larger about 400 m long,
occur within schist along a small granitic boss about 20 km southeast of Senafe
(Y. Urdea and W. R. Alemayehou, unpublished report).

9 — Geologija 21T
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Sheraro

The tuffaceous greenschist within the Sheraro ring complex dips about 60°
east and belong to the discordant Sheraro Formation. Modest malachite staining
occurs intermittently in a zone about 1 km long adjacent to the ring, and origi-
nated probably from sulphide impregnations in sheared zones. Limonite in-
crusted breccia, vein guartz with chalcocite and specularite occur in scattered
float.

The ring itself is composed of a central gabbro core surrounded by alkaline
rocks and a microgranite porphyry outer ring, the rocks apparently comagmatic
differentiation products. Hydrothermal silicification affected the complex, the
copper mineralisation being seemingly epigenetic.

Escarpment area

West of Alid volcano, in the bed of the Maeba torrent at the locality called
Buia, large quantities of malachite-stained greenschist gravel can be seen, de-
rived from cupriferous outcrops east of the Adi Caieh area. Similar copper-
stained river gravel occurs in the Dandero torrent south of Buia. Copper shows
have been reported also at Badda, and Sabba 30 km south of Enkafela; at the
latter locality malachite stains chloritic schist interbedded with porphyrite (Y.
Urdea and W. R. Alemayehou, unpublished report).

Summary

The ore deposits and occurrences described, though varied, are nevertheless
mineralogically and morphologically identical, depending on the differences of
syngenetic and epigenetic factors involved. The following field-types have been
recognised:

a} Stratiform massive pyrite layers with low to modest primary base metal
contents;

b) stratiform massive cherty sulphide concentrations with barite gangue,
epigenetically enriched with base and precious metals;

¢) stockwork-type sulphide concentrations;

d) stratabound disseminations, and possibly impregnations, in different
rocks;

e) cherty jasperoidal ironstones with sulphides and iron oxides, usually
manganiferous and epidotised;

f) lens-like concentrations of massive and schistose magnetite grading into
jaspilites, with subordinated sulphides;

g) skarn-type epidote-garnet-calcite concentrations of sulphides and iron
oxides;

h) vein quartz with dispersed auriferous sulphides.

The individual occurrences are rather small and spatially limited. They all
show a tendency to occur in clusters and lineaments, the metal contents varying
widely from place to place, and sulphide and oxide facies taking part in variable
degrees,

The spatial (stratigraphic) correlation between various types, if any, is
unknown,
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DISCUSSION

Depositional environment

The structurally aligned Precambrian schistose and granitic rocks of north-
ern Ethiopia belong to the Red Sea Proterozoic geosyncline, itself part of the
Mozambiquan Belt, which extends to northeastern Africa and Arabia (R. M.
Shackleton, 1964; J. R. Vail, 1964). The type of succession and its
thickness prove the eugeosynclinal origin, the elongated structural pattern
being indicative of an orogenic belt. It is debatable whether the Red Sea fold
belt originated as one subsiding depositional basin or several discrete small
basins, the opening and closing of which operated along the lines of the present
plate tectonics mechanism (J. Sutton and J. V. Watson, 1974).

Since the plate tectonics concept is becoming more and more accepted in
interpretation of the Precambrian tectonic regimes, a plate tectonics model can
be envisaged for the evolutionary explanation of remote events in this area.
The Upper Precambrian lithology of northern Ethiopia is also similar to the
Precambrian greenschist suites containing massive sulphides worldwide; their
petrochemical similarity with modern island arc environments, formed at the
destructive margins of oceanic plates, is well known (A. H. Mitchell and H.
G. Reading, 1971; F. J. Sawkins, 1972). The best example is the Ja-
panese island arc with its numerous Kuroko-type stratiform sulphide deposits
and vein type gold deposits. Although of Miocene age, the features of the Ku-
roko deposits and their geological environment are strikingly similar to the
older environments in various parts of the world (P. Gilmour, 1971; D. F.
Sangster, 1972; R. W. Hutchinson, 1973; N. A. Duke et al, 1974;
S. Ishihara, 1974; D. Williams et al., 1975).

Conformable to the suggestion that the greenstone belts are remnants of
Precambrian arc systems, the Upper Precambrian geology of northern Ethiopia
can be interpreted through episodes of deposition in an eugeosynclinal basin
marginal to an island arc system, and lithospheric subduction and deformation
at the plate margins. The development of Benioff zones must be postulated,
probably aligned with the present-day submeridionally trending ophiolitic zo-
nes in northern, western and southern Ethiopia (M. Hamrla, 1977), as well
as in the neighbouring countries (C. R. Neary et al,, 1976). They are shown
in Figure 27. The stable ,,continental mass", required for the compressive tec-
tonic, might be evidenced in the Lower Complex rocks along the eastern escarp-
ment, whereas the western equivalent is unknown.

A typical feature of an island arc system is contemporaneous extrusive and
intrusive activity, and the trend of compositional change of erupted magmas
from tholeiitic through calc-alkaline to alkaline varieties, with K:O content
increasing towards the concave side of ares (A. H. Mitchell and H. G
Reading, 1971). Although the petrological and geochemical features of the
early erupted magmas in northern Ethiopia are little known and the rocks are
obliterated by hydrothermal metamorphism, the presence of early mafic, inter-
mediate and felsic magmas of specific subalkaline, sodic nature seems indica-
tive of an island arc magmatic evolution, with later intrusives becoming more
felsic, potassic and calc-alkaline with a normal Na/K ratio.
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Fig. 27. Ophiolitic zones in Ethiopia and in adjacent countries

The evolution of Proterozoic geosynclines in Egypt, Saudi Arabia and Sudan
has been similarly attributed to island arc environments, the subduction-gene-
rated volcanism and plutonism being coeval and comagmatic (C. R. Neary
et. al., 19786).

On the observation that modern island arcs persist in roughly the same
places for long periods (A. H. Mitchell and H. C. Reading, 1971), a
cratonisation of the Upper Precambrian island arc can be postulated, implying
the migration of the subduction zone and formation of new crust through the
gradual accumulation of volcanic, sedimentary and plutonic rocks. C. R, Nea-
ry et al. (1976) even presumed, on evidence from Saudi Arabia and Egypt,
that more cratonised island arcs could have been brought together to form a
new ,continent”, which provided the source of sedimentary rocks prevailing
in the later stages of infilling the subsiding basin.

Metallogenesis

Origin of ore. The mineralogical, structural, textural and paragenetic featu-
reg of ores suggest their formation basically through two stages of hypogene
processes: an original submarine syn-volcanic exhalative-sedimentary depo-
sition of sulphidic and oxidic minerals, and subsequent hydrothermal remobili-
sation, rearrangement and enrichment of original accumulations, the latter
processes probably associated with more episodes of orogeny and magmatism.
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A syngenetic volcanic-sedimentary theory has been accepted as the forma-
tion concept of massive pyritic ore deposits in northern Ethiopia. The deposits
formed apparently at the sea floor from magmatically generated metal-bearing
emanations around fumarolic vents, to be covered in a short time by volcano-
genic-sedimentary material, consolidated and subjected to metamorphism,
and in turn affected by rejuvenating hydrothermal episodes. This second
stage involves the ascending solutions generated or activated through the same
magmatic activities and crustal tectonic, mobilising the new constituents from
depth or remobilising the original ,sedimentary* constituents, concentrating
them either within the primary deposits by replacement or in newly opened
dilatant sites of increased permeability as vein-type concentrations. Shears,
faults and fractures served as communication conduits and new loci of deposi-
tion, usually not very distant from the original accumulations. It was in fact
one prolonged multi-stage hydrothermal event, its sequences overlapping, as
evidenced for example at Debarwa. The time interval of these episodes pro-
bably extended from the later stages of the Precambrian submarine fumarolic
activity to the Tertiary magmatism and tectonism.

Regarding the ore mineralogy, the coexistence of oxidic and sulphidic facies
is a characteristic feature, both occurring in the same lineaments, in the same
deposits and interbanded on a microscopic scale; pyrite, pyrrhotite and magne-
tite are so intimately interconnected that their primary origin is beyond doubt.
The facies are temporal and spatial (stratigraphic) equivalents, their formation
implying the existence of oxidising and reducing conditions at the depositional
localities. In the regional context, such conditions could be plausibly expressed
in terms of water depth and the proximity of shorelines, implying that iron
oxide facies is confined to oxidising nearshore environments, and the sulphide
facies to deep local troughs. This concept of depositional zones might explain
the Gumhod-Agametta magnetite belt in the lowlands. However, in other loca-
lities, as for example the Ruba Catina area, massive sulphide lenses and ,,iron
formation* occur close together, and the depositional environment concept
cannot give a satisfactory explanation. The fluctuation of oxidising and redu-
cing conditions is still less applicable to explain the presence of both facies
in ore on a microscopic scale.

In this context, the recent Red Sea ore forming system, where a base metal
deposit is in the making, will be recalled (E. T. Degens and D. A. Ross,
1969). A black fine-banded ooze of gel-like appearance is being precipitated
from the submarine brines, consisting of base metal sulphides, oxidic iron and
manganese minerals, barite and amorphous silica. The observed precipitation
of the amorphous ferric hydroxide (limonite) in close association with iron
sulphides is of the utmost importance. J. P. Hackett and J. G. Bi-
schoff (1973) described magnetite coexisting with haematite, both minerals
well crystallised diagenetically. The origin of the oxidic facies is interpreted by
dehydration of the originally precipitated colloidal limonite to form goethite,
and its subsequent dehydration to haematite which, in turn, by continuous
supply of ferrous iron from the brine outlet, is transformed into magnetite.

The stability relations of pyrite, pyrrhotite and magnetite are thought to be
largely controlled by the pH and Eh conditions of the local environment, the
concentration of sulphur and other constituents. In general, low values of pH
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and Eh favour the deposition of sulphides whereas high values promote oxide
minerals. The three minerals are generally stable in very reducing conditions
in an alkaline to neutral environment (R. M. Garells and C. L. Christ,
1965; K. B. Krauskopf, 19687). Since magnetite is stable only in an alka-
line strongly reducing environment — the precipitation range of sulphides
being somewhat broader, with pyrite forming even at slightly positive Eh ranges
in either acid or weakly alkaline environments — such conditions must have
prevailed during the formation of ore.

Variations in syngenetic as well as epigenetic mineralogy must then be seen
in the variable nature of solutions, solubility of the components and in the
changing physico-chemical conditions of the local environment. In syngenetic
precipitation, certain components may have precipitated within or close to the
outlets of the fumarolic vents, the others at a certain distance, laterally or
vertically (temporally) from the outlets. This would explain the mineralogical
zoning. Variable contenis of sulphides, silica, manganese and barite may be
explained in this way, the latter two, for example, forming rather marginal
parts of the deposits (G. Anger, 1966; W. Gwozdz and W. Krebs, 1977).

Extremely high grade copper concentrations, as at Debarwa for instance,
resulted from supergene processes of cementation brought about by descending
surface waters. According to present evidence, the supergene enrichment is
developed very variedly, depending on the ground stability and movement of
the groundwater levels.

The formation of auriferous quartz veins with minor amounts of sulphides
seems to be best attributable to rejuvenating hydrothermal activity postdating
the syn-volcanic sedimentary mineralisation. The hydrothermal fluids, probably
released or activated by anatectic generation of magmas, may have leached
gold and other metals plus silica from elsewhere, and transported them into
permeable structural sites at different levels of the crust. Gold could have
migrated, together with silica, as sol in colloidal solutions. The controlling
factors of gold mineralisation are virtually unknown, the reefs seemingly
concentrated in the sequence of massive metavoleanics, and hence probably
early epigenetic in the main.

Solutions and pessible mineralisation mechanism. The syngenetic minerali-
sations are interpreted to have occurred by means of a liquid phase, its fu-
marolic source a plausible explanation, and its nature and origin — juvenile,
meteoric or connate — little known.

One could speculate that the material in volcanic emanations was in a col-
loidal dispersed state. Fine banding in the ores featuring sulphidic and oxidic
minerals, apparent contraction or shrinkage cracks across the pyrite bands, the
colloform textures of gel-pyrite and irregular masses of pyrrhotite and magnetite
suggest gel deposition. Silica is abundant in all ore types; the colloidal pheno-
mena in silica deposition are well known, and in submarine deposits it is a dir-
ect precipitate from silica gel. The Kuroko ores formed from colloidal siliceous
fluids (C. F. Park and R. A. Mac Diarmid, 1970), and magnetite facies
and other precipitates in the Red Sea brines formed from sols (E. T. Degens
and D. A. Ross, 1969; J. P. Hackett and J. G. Bischoff, 1973).

In colloidal origin of the primary constituents, the metals were probably
suspended in solutions as sulphide sols and ferric hydroxide sol. The colloidal
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metal sulphides are negatively charged and so is the colloidal silica, whereas
iron as ferric hydroxide sol is normally positively charged. Discharged through
volcanic outlets at the sea bottom, the colloids precipitated possibly on contact
with electrolytes of the seawater, or any other way, and as the flocculation of
different components proceeded, a banded ore was produced as a chemical
precipitate. However, the mechani%m of colloidal transportation and deposition
is complex and, according to K. B. Krauskopf (1967) little understood.

The hydrothermal solutions responsible for the following migration of ore
components might have been diluted aqueous solutions, possibly alkaline brines
derived from seawater as connate waters activated by dynamism and magma-
tism. The presence of seawater sulphate in the early, as well as in the later
vein-type sulphides, has been indicated by a preliminary sulphur isotope study.
The sea origin of solutions may explain also the possible source of calcium
and magnesium involved in metasomatic alteration of the wall rocks, possibly
sodium and barium as well. The alkaline nature of solutions might be supported
by the ubiquitous presence of chlorite and sericite, whereas kaolinite, which
would suggest acid solutions, is absent (K. B. Krauskopf, 1987).

Supposing that precipitation was caused by decreasing pressure and tem-
perature and mixing with sulphide-rich solutions, chloride complexes might
be considered as transporting mechanisms according to H. L. Barnes (1972},
who nevertheless considers the origin of stratiform volcanic deposits *a solu-
tion-mixing process of problematic nature”.

Temperaturce at formation. The intergrowth textures of the lime-iron silica-
tes and the early opaque constituents suggest a simultaneous origin. A plau-
sible interpretation would be the formation of the silicates from exhalatively
supplied solutions carrying lime, magnesia and silica and readily entering into
reaction. Since lime silicates form at temperatures of about 600°C (C. F. Park
and R. A. MacDiarmid, 1970), such temperatures are hardly likely to
persist for long in a submarine environment. The silicates may therefore have
formed at lower temperatures, as might be possible in the presence of mine-
ralisers (A, Betektin, 1964).

Further temperature evidence is provided by the exsolution blebs of chalco-
pyrite in dark sphalerite, which originated by unmixing of solid solutions at
temperatures below 350°C (A. B. Edwards, 1954; C. F. Park and
R. A. MacDiarmid, 1970). Consequently, the temperature of deposition
from the sulphide bearing agency of that stage should have been higher than
350 *C.

On the other hand, the apparently colloform gel-pyrite, supposed to helong
to a relatively later mineralisation stage, indicates a low-temperature low-
-pressure environment. The same holds for the yellow low-iron sphalerite.
found in higher, i.e. later, layers of massive pyrite ore as well as in veins.
It has formed at relatively lower temperatures well below 300°C (A. B. Ed-
wards, 1954; C. F. Park and R. A, MacDiarmid, 1970). On the
other hand, andradite in veins and skarn-type concentrations proves, at least
locally, high temperature solutions.

The conclusion is likely that the initial temperature of ore formation would
have been higher than 300°C, decreasing gradually but fluctuating during
subsequent surges of solutions.
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Source of ore components. Regarding the generation of ore components,
genetic association with the magmatic source can reasonably be assumed. An
igneous source for the metals is a plausible explanation. The early magmatics
show a marked deficiency of iron, which was apparently removed in some
way from the magma, appearing in solutions from which ferrcan minerals
precipitated. ’

As to base metals, the average Cu:Pb:Zn ratios in ores show a strong
prevalence of zinc and copper over lead (Table 12). The few available data on
trace metals in rocks show the same though less sharp ratios:

Cu :Pb:Zn

15 1 26 Embaderho porphyritic rocks (average of 4 somples)
4 1 12 Embaderho quartz diorite

The primary source of gold is probably to be looked for in mafic magmas of
mantle origin (R. J. Tilling et al, 1973); it might have been originally
concentrated in the sulphide phase derived from the melts and precipitated
syngenetically, to be subsequently partly remobilised and reprecipitated.

The Co/Ni ratios for different ores are greater than unity and locally very
high, suggestive of a volcanic origin. The highest ratio, about 30, was found in
the Embaderho massive granular ore, and the relatively lowest values slightly
above unity pertain to sulphidic disseminations in schists.

Consequently, a mantle origin may be reasonably assumed for the critical
constituents of the deposits.

As for the provenance of sulphur, the isotopic evidence suggests that it
originated partly magmatically and partly from the seawater sulphate.

Metamorphism

After deposition the sequence underwent metamorphism in the form of
diagenesis, metasomatism and regional metamorphism.

Diagenesis involved the compaction of the loose sedimented ore material
during which sulphides and de-watered iron hydroxides crystallised and sili-
cates developed, the mineral components externally introduced by lime- and
magnesia-rich solutions. Authigenic chlorite and sericite may have developed
at this stage in argillaceous-tuffaceous sediments.

Igneous rocks have been strongly altered, their original nature obliterated
by hydrothermal metamorphism, which changed felsic, intermediate and even
mafic types into spilitic-keratophyric assemblage of chlorite-albite-epidote-
-actinolite-calcite minerals. The question arises as to whether the mineral
changes in the early erupted rocks, both fissure extrusives and intrusives,
could be attributed to autometasomatic (deuteric) changes through the agency
of magmatic solutions, or by later hydrothermal solutions, or whether the
changes were produced by regional metamorphism. The greenschist mineral
assemblage, in both igneous and sedimentary rocks, is typical, though the
origin of albite is not clear. The sodium content in the early magmatics seems
to be a primary juvenile feature, and albitisation was probably due to internal
rearrangements described by F. H. Hatch et al. (1972) as deuteric albitisation.
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It can reasonably be assumed that the magmatic metasomatism took place
when the magma, extruded under submarine conditions, quickly solidified into
a cryptocrystalline solid with a glassy crust, the entrapped volatiles being
unable to escape, and permeating the rock and producing low-temperature low-
pressure mineralogical and textural changes. At more or less the same time
ihe rocks were affected by ore-bearing solutions which originated from the same
magma. The alteration is strongest at contacts with ore, the silicate minerals
of the ore assemblage involving the constitutional hydroxyl, direct evidence of
the presence of water at their formation. The presence of calcite points to the
addition of carbon dioxide to the system. If the ore-bearing solutions were
colloidal and the particles flocculated by ions of seawater such as Mg*™,
Cat+ or even Nat, they may have entered into the composition of the newly
formed silicate minerals as well.

It is conceivable that low-grade regional metamorphism also contributed
to the development of the greenschist mineral assemblage, the temperature-
pressure field of the greenschist facies ranging from 200 to 450 or even 600°C
and 1.5 to 9 kb, corresponding to 5 to 30 km burial depth (K. B. Krauskopf{,
1967; F. J. Turner, 1968). Such ranges of thickness of originally accumula-
ted rocks seem reasonable. Additional metamorphic changes could have been
produced by solutions during late-stage hydrothermal events.

Metamorphic and extrusive assemblages similar to those of northern Ethi-
opia were examined by L. J. G. Schermerhorn (1975) within the Iberian
pyrite belt, where the spilitic extrusives are high in alumina, and albite of
autometasomatic origin crystallised extratellurically.

It might be also noted that altered low-potassium porphyritic rhyo-dacitic
rocks of the circum-Pacific orogenic belt are closely associated with Kuroko
type mineralisations (S. Ishihara, 1974). Such rock types are believed to be
associated with particular geotectonic settings.

The effects of thermal metamorphism in northern Ethiopia are low-grade
too, being evident in the development of discontinuous metamorphic aurcoles
on later intrusives, marked by modest baking, silicification and development
of hornfels, hornblende schist and occasionally of amphibolite and fissile slate,
and exceptionally also andalusite, cordierite and garnet schist.

The metamorphic effects in the opaque mineral assemblage are hard to
recognise. All three main mineral species — pyrite, pyrrhotite and magnetite —
are primary, and there is no evidence that one grew at the expense of another.,
However, the present granoblastic and ,porphyroblastic” textures (Fig. 10} are
usually taken as a proof of metamorphic recrystallisation (J. Kaliokoski,
1965; D. F. Sangster, 1972). Since the original banding in ore is well pre-
served, it would be difficult to assume that some minerals, like euhedral
pyrite, would have been affected selectively by recrystallisation, by breakdown
or by any other textural rearrangement, while others would have remained
unaffected. In the present case, it is believed, the uneven grain size of ore mi-
nerals is rather due to overlapping erystallising events producing distinct and
morphologically varied generations. Pyrrhotite, for one, never occurs in large
individual crystals.

The regional metamorphism apparently affected the ore by slight recrystal-
lisation only. The opaque minerals are all crystalline, their sizes variable from
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very fine-grained gel-pyrite to irregularly-grained pyrrhotite and magnetite
masses. In places the post-ore movements locally shattered and brecciated the
ore minerals.

In the simultaneously crystallised intergrowth of lime silicates and opaque
ore minerals, pyrite, magnetite and silicates are euhedral vis-a-vis quartz and
calcite. The general order of crystallisation in massive ore seems to be: pyrite-
magnetite-tremolite/actinolite-epidote-pyrrhotite-quartz-calcite, corresponding
well to the normal crystalloblastic series in thermally metamorphosed rocks
and is crystallisation from igneous melts (A. Harker, 1950; C. F. Park
and R. A. MacDiarmid, 1970). Since in hydrothermal mineralisation
quartz is usually the earliest mineral to form, a blastic growth might never-
theless be indicated in the ore paragenesis, unless the ores formed from colloidal
solutions. In this case, according to K. B. Krauskopf (1967), the sequence
might be completely irregular.

Classification

Several schemes have been prepared to classify the massive sulphide depo-
sits. R. H. Sillitoe (1973) subdivided the Phanerozoic deposits according
to geotectonic environment, P. Gilmour (1971) stressed the observable
features, and R. W. Hutchinson (1973) applied the differences in metal
contents, the associated rock types, tectonic environment and age as the classi-
fication basis.

Accordingly, the base metal sulphides of northern Ethiopia fit well into the
Pb-Zn-Cu-Ag Proterozoic type of massive sulphides, associated with felsic to
intermediate rocks of prevailing subaqueous volcanism related to coeval pluto-
nism, the lens-like ore concentrations in schistose rocks near the volcanic rocks
but not in themselves. Whether or not the extrusive rocks were originally calc-
alkaline needs further study.

The estimated average ore grades in some relatively better known deposits
are summarised in Table 12.

Table 12 Summary of estimated ore grades in examined de-

posits
. Cv Zn Pb Ag  Au Approx,metal raties
Deposit (per cent) (a1} CuzPb:2Zn
Embaderho 0,52 1,88 0,009 10 + 51 31 :200
Adi Nefas 1.75 8,5 0.8 160 2,3 2,2:1:11°
Debarwa 2,15 5 0,5 100 2 4,5:1:10
Adi Rassi 1.2 ND NO ? 0,65

Mont Sacear 0,5 ND ND ? 0.}

ND not determined (but apparently very low)
? present in all probability
+ present
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The metal ratios in stratiform ores show strong prevalence of zinc and copper
over lead, the contents variable. Copper seems to prevail strongly in stockwork
and dissemination mineralisation types. Magnetite forms massive concentra-
tions in places and is locally present in appreciable amounts within the sulphide
suites, Barite is present too, and though a primary mineral, it has evidently
been relocated in the later vein-type stages. Its presence contradicts both C. A.
Anderson’s (1869) and P. Gilmour’s (1971) notes that barite, and simi-
larly gypsum, do not occur with the massive Precambrian sulphides.

CONCLUSIONS

The Upper Precambrian volcanic-sedimentary-intrusive environment of
northern Ethiopia is analogous to the geological settings in the neighbouring
countries, and could be interpreted in the context of a postulated island arc
system, where gradual accumulation of volcanic, sedimentary and plutonic
rocks produced new crust with continental characteristics. However, present
information on the geotectonic history and magmatism is very modest, leaving
the field wide open for all kinds of future investigations.

Northern Ethiopia belongs to a metallogenetic province, in which the py-
ritic — base metal — magnetite and gold mineralisations orginated coevally
with their host rocks. The processes were associated with magmatism, which
produced extrusive flows infilling the subsiding basin as well as intrusions
into the eugeosynclinal sequence. The early magmatic rocks display the cha-
racteristics of a spilitic-keratophyric association, the high Na/K ratio apparently
a distinctive original feature. Later felsic plutonic rocks are peralkaline, pro-
bably due to a larger proportion of crustal material in anatectic melts. The
interpretations and conclusions, at this stage, are necessarily speculative.

The study of ore deposits, too, is in the very initial stage, and due to
objective reasons could not be pursued systematically. So far, the investiga-
tions focussed on some larger accessible deposits where depth evidence has been
obtained by drilling. The primary mineralisations took place in a submarine
environment by co-operation of exhalative and sedimentary processes. The
megatextures of the deposits and the microstructures of ores and rocks suggesi
that they formed syn-volcanically around volcanic outlets on or near the sea
floor. The close coexistence of the oxide and sulphide iron facies, both on
a regional as well as on a microscopic scale, is a characteristic feature. The
factors controlling the precipitation of minerals, probably from colloidal solu-
tions, were apparently associated more with their composition than with the
depositional environment. Subsequent hydrothermal rejuvenation episodes
affected the two-dimensional ore bodies and rearranged and enriched the syn-
genetic constituents, the loci of redeposition also the newly opened dilatant
sites featuring vein-like forms.

The source of ore constituents is believed to be mainly magmatic. However
isotopic evidence suggests that part of the sulphur originated from seawater
sulphate, indicating a marine origin for solutions (M. Hamrla, 1974).

The features exhibited by north Ethiopian deposits are in many respects
analogous to world-wide pyritic base metal deposits of volcanogenic origin. The
Canadian Precambrian deposits (D. F. Sangster, 1972), the Rio Tinto de-



308 Milan Hamrla

posits in Spain (D, Williams et al, 1975; L. J. G. Schermerhorn,
1975), the Scandinavian deposits (G. Gehrish et al, 1975) and others show
strong resemblances, and not least the Japanese Kuroko deposits, both volcanic
and sedimentary in origin and syngenetic and epigenetic in nature (T. Matsu-
kuma and E. Horikoshi, 1970; S. Ishihara, 1974).

The Ethiopian deposits fit well with the Proterozoic Pb-Zn-Cu-Ag type
of R. W. Hutchinson (1973), with zinc and copper values strongly pre-
vailing over lead. The primary grading of base and precious metals is generally
low by any mining standard. However, the subsequent rearrangements and
concentrations, hypogene and supergene, can render particular deposits eco-
nomically interesting propositions, despite the generally very small tonnage
potentials. Recent successful mining development at Debarwa confirms this.

Further systematic studies will doubtlessly lead to significant scientific as
well as practical conclusions not only in northern but also in western Ethiopia,
where similar metallogenetic conditions have been indicated.
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Terciarni vodonosniki v Slovenskih goricah in na Gorickem
Tertiary aquifers in the Slovenske Gorice and Goric¢ko hills

Ljubo Ziebnik
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Kratka vsebina

Terciarne laporaste in glinaste plasti severovzhodne Slovenije vsebu-
jejo vodonosne pe¥fene in prodnate vlozke. Voda v teh vodonosnikih je
pod pritiskom. Ponekod je mineralizirana, v vefjih globinah pa ima tudi
vidjo temperaturo. V dolinah Drave in Mure ter delno Pesnice in S&av-
nice so terciarne plasti prekrite s kvartarnimi prodnimi naplavinami, ki
vsebujejo najvedje zaloge pitne vode na tem obmodju. Avtor se je omejil
na opis terciarnih vodonosnikov, ki vsebujejo mineraino in termalno
vodo. Izratunal je njihove najpomembnejSe hidrogeolofke parametre na
podlagi poskusnega ¢rpanja ter ocenil zaloge nekaterih nahajalis¢ mine-
ralne in termalne vode.

Abstract

The land between the Mura and Drava rivers is a morphologic region
made up of the Tertiary marly and clayey deposits interbedded with wa-
ter bearing sand and gravel The water occurs under sufficient hydro-
static pressure to rise above the topugraphic surface. In some restricted
areas the mineral matter content and free carbon dioxide give it a
pleasant taste. The Quaternary aquifers occurring in the adjacent Mura
and Drava level fields are under water table conditions. Areally they are
the most extensive and widely available source of fresh water. Thermal
water was tapped in some places from the deep-seated Tertiary beds,
underlying the Quaternary deposits. It is interesting to note the difference
between the Miocene and Pliocene aquifers, as their hydraulic mecha-
nisms are concerned. The geological conditions are favourable for the
Pliocene aquifers. Their hydraulic characteristics depend upon the uplifted
Sobota block which is considered to be a recharge area; here, highly
permeable Pliccene beds appear at the land surface, overlying the north-
east plunging metamorphic basement. On the other hand, the Sobota uplift
is a ground-water barrier that prevents the free recharge of the deep-
seated Miocene aquifers in the Radgona and Ljutomer depressions.

The most important hvdrogeologic parameters involved in the thermal
and mineral aquifers were established from the pumping tests. The pe-
rennial yields and withdravals have been estimated and the question of
the amount of recharge and discharge is discussed. The quantities of
mineral and thermal waters in storage of the country have been esli-
mated.
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Uvod

V severovzhodni Sloveniji so najveéje zaloge podzemeljskih voda v kvar-
tarnih prodnih naplavinah vzdolz Drave in Mure. Zaradi mone vodoprepust-
nosti usedlin je izdatnost vodnjakov na tem obmo&ju velika. Prebivalci in indu-
strija na Dravskem in Ptujskem polju ter v Pomurju se oskrbujejo z vodo
vetidel iz teh vodonosnih plasti.

Gritevnato ozemlje med Dravo in Muro in severno od Mure sestoji iz ter-
ciarnih lapornih in glinastih plasti z vmesnimi pe#enimi in prodnimi usedli-
nami, ki vsebujejo vodo pod pritiskom. Voda v teh vodonosnikih je ponekod
mineralizirana, v ve&jih globinah pa ima tudi visjo temperaturo.

Do 2. svetovne vajne so terciarne vodonosne plasti v manj§i meri izkorisgali
le v Radencih, kjer so letno nalili nekaj milijonov litrov mineralne vode. Po
letu 1960 so zaleli v Pomurju izkori$¢ati tudi termomineralne in termalne vode
v miocenskih in pliocenskih pe$¢enih usedlinah, na katere so naleteli pri iska-
nju nafte. Moéno so po drugi svetovni vojni in pozneje v letu 1965 povetali iz-
koris¢anje mineralne vode v Radencih. Raziskali so tudi nahajalis¥a mineralne
in termalne vode v Nuskovi na Goriékem, v S¢avniski dolini, v okolici Lenarta
in pri Ptuju.

Pregleden geoloski opis

Severovzhodna Slovenija je po svoji geografski legi in geoloski zgradbi del
obrobja Panonske kotline, in sicer murske in delno dravske udorine, Obe udo-
rini sestavlja ve¢ jarkov z vmesnimi pragi. Dna jarkov in pragovi sestoje iz
metamorfnih kamenin. Na halosko-ormoskem pragu in pri Kungoti so tudi
mlajSepaleozojske in mezozojske plasti. Jarke in pragove so izoblikovali tek-
tonski premiki, ki so se vrstili verjetno $e pred oligocenom. Po podatkih Z.
Vontine (1965) potekajo te geclo§ke strukture od jugozahoda proti severo-
vzhodu, prekrite pa so z debelimi plastmi mlajseterciarnih sedimentov in s kvar-
tarnimi prodnimi naplavinami. Paleozojska in mezozojska podlaga je prelomlje-
na s sistemom prelomov severozahod—jugovzhod in preéno na to smer, tako da
gre za grudasto geolo3ko zgradbo. Terciarne plasti so zgrajene sorazmerno eno-
stavno; v zahodnem in severozahodnem delu Slovenskih goric in Gori¢kega so
povedini poloZno nagnjene proti jugovzhodu in vzhodu. Zato prihajajo na po-
vrije proti jugovzhodu vse mlaj$e in mlajSe terciarne plasti, od starejSemiocen-
skih v najzahodnej$em delu, do pliocenskih pri Gradu, Ljutomeru in Ptuju
(sl. 1). V Medjimurju, na Kogu in v Halozah so nagnjene terciarne plasti v
obratni smeri, proti severozahodu in severu. Ob ljutomerskem prelomu, ki po-
teka po robu halo3ko-ormoikega praga, so terciarne plasti postavljene skoraj
v navpitno lego, delno pa so celo prevrnjene. Ob prelomih, ki sekajo celotno
serijo terciarnih plasti vklju¢no s pliocenskimi, so se tektonski premiki nada-
ljevali skozi ves terciar in celo v kvartarju, na kar kaZejo redne terase vzdolz
Drave, Pesnice, S¢avnice in Mure. Na sobofkem pragu se je izoblikovala stopni-
tasta zgradba celotnega zaporedja terciarnih plasti, kar je posledica njegovega
dviganja skozi ves terciar.

Pri raziskavah geoloske zgradbe severovzhodne Slovenijc so bile le v manj$i
meri uporabljene klasi¢ne geolo$ke metode. Mnogo ve¢ podatkov so dala geofizi-
kalna merjenja in globoko vrtanje. Terciarne plasti so namre¢ povedini prekrite
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z glinasto preperino in so izdanki zelo redki. Re¢ne doline so v celoti prekrite
s prodnimi in glinastimi naplavinami; zato terciarnih plasti ni mogote nepo-
sredno raziskovati s povr§inskim geolofkim kartiranjem in z drugimi klasi¢nimi
geolo3kimi metodami.

V dobréni meri so prispevale k razjasnitvi geoloS8ke zgradbe tega ozemlja
raziskave nafte ter mineralnih in termalnih voda. V Prekmurju in Slovenskih
goricah so bile izvedene obsefne gravimetrine, magnetometri¢ne in seizmiéne
raziskave in izvrtanih je bilo 44 globokih vrtin. Posebej na naftnem obmoéju
v PetiSovcih in Dolini pa je bilo izvrtanih 118 globokih naftnih vrtin. Na naha-
jalis¢ih mineralnih voda v Radencih, v dolinah SZavnice in Pesnice ter v Nu-
skovi je bilo izvrtanih ve& kot 100 strukturnih vrtin, globokih 100 do 700 m.
Vrtina pri Ptuju je globoka 1100 m. Po podatkih geofizikalnih raziskav, vrtin in
v manjs$i meri tudi povriinskega kartiranja je bila geolo§ka zgradba Prekmurja
in Slovenskih goric nadrobneje razélenjena. Na skrajnem severozahodnem robu
Slovenskih goric in Gori¢kega poteka prek Kungote, Cmureka in RogaSevec
juznogradistanski prag. Na njem so terciarne plasti debele manj kot 1000 m.
Sestoje pa iz miocenskega laporja ter vlozkov peftenjaka in konglomerata, po-
nekod tudi litotamnijskega apnenca, oziroma peSéenjaka.

Jugovzhodno od tega praga sledi plitva in ozka radgonska depresija, ki se
razteza od Maribora prek Radgone proti severovzhodu. V njej so terciarne plasti
debele 1000 do 2000 m. Prevladuje miocenski lapor s tanjsimi vlozki peS¢enjaka
in konglomerata. Po sredi depresije poteka prelom od jugozahoda proti severo-
vzhodu kot podalj$ek rabskega preloma.

Proti vzhodu potekata v smeri jugozahod—severovzhod dve vaZni strukturi,
ki sestavljata ve&ji del Slovenskih goric in Prekmurja: §iroki sobo3ki prag med
Duplekom pri Mariboru in Mursko Soboto ter Ziroka in glohoka ljutomerska
depresija med Slovensko Bistrico, Ptujem, Ljutomerom in Lendavo. Na sobo-
$kem pragu so terciarne plasti debele manj kot 1000 m. Prevladujejo pliocenske
glinaste in pestene plasti, pod njimi leZe ponekod v manjsi debelini tudi miocen-
ski lapor, peSéenjak in konglomerat. Terciarne plasti in njihovo metamorfno
podlago seka sistem prelomov v smeri jugozahod—severovzhod ter pre¢no na to
smer. Plasti so ob prelomih premaknjene za 10 do 100 m, ob ljutomerskem pre-
lomu pa gre za znatno vedlje vertikalne premike, saj v ljutomerski depresiji
debelina terciarnih plasti ponekod presega 4000 metrov. Sestoje zgoraj iz pli-
ocenskega peska, pe$tenjaka, pestenega proda, gline in laporja, katerih skupna
debelina marsikje presega 1000 m. Pod njimi leZi miocenski lapor z vlozki pe-
$¢enjaka in redko konglomerata. Depresija je z vzdolZznim ljutomerskim prelo-
mom smeri SW—NE razdeljena na dva dela; v jugovzhodnem prevladujejo
miocenske plasti, v severozahodnem pa pliccenske. Od preénih prelomov
NW—SE so trije posebej izraziti — po dolini S¢avnice, prek Ormoza in prek
Ptuja (U. Premru, 1976).

Hidrogeolo$ki opis

Na juZnogradi$tanskem pragu, ki mu pripada skrajni severozahodni del
Slovenskih goric in Goritkega, so miocenske plasti poveéini laporne in zelo
tenke, Marsikje v globlje zarezanih grapah prihaja na povr3je metamorfna
podlaga, pri Kungoti pa tudi apnenec in dolomit. Ker so terciarne plasti zelo
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tenke, poleg tega pa vetidel laporne, ni nikakih mo#nosti za akumuliranje pod-
zemeljskih voda v njih. Pa& pa je bil pri Nuskovi najden 10 do 25 m debel vo-
donosnik poroznega litotamnijskega peSfenjaka z mineralno vodo. Le ta je
zajeta z vrtinami Nu-4, Nu-7 in Nu-9. V vrtini Nu-3 je zajeta plast vodonosnega
sarmatskega peska, ki je severno od vrtine v neposredni zvezi z litotamnijskim
pestenjakom.

Plast litotamnijskega pe$tenjaka je nagnjena proti jugu in leZi v globini
43 de 64 m. Sarmatski pesek, zajet v vrtini Nu-3, je v globini 126 m. Mineralna
voda vsebuje precej plina COz; zato samostojno izteka iz vrtine.

Po podatkih meritev iz leta 1969 je najve¢ja moZna skupna izdatnost vseh
vrtin 7,41/s vendar pri tej Koli¢ini zaradi neustreznega filtra vdira v vrtine
pesek. Zato so vrtine dufene z ustreznimi Sobami, njihova skupna izdatnost pa
je tedaj 3,9 I/s.

Podrobnej$e meritve izdatnosti vrtin v letih 1968 do 1971 so pokazale, da je
koli¢ina vode v zafetnem stadiju, nekako do enega meseca po zajetju, mo&no
padala, pozneje pa vedno poéasneje. Z nana$anjem podatkov izdatnosti vrtin
po dolotenem &asu na diagram in s teoretiénim raéunom izdatnosti po dolode-
nem ¢asu po Jacob-Lohmanovi ena¢bhi (G. P, Kruseman & N. A, De Ri-
dder, 1970):

4z k.m.s

2105 225k

kjer je privzeto, da je depresija stalna, smo opazili, da se oba diagrama vsaj
v zatetnem delu dokaj dobro ujemata. Na ta naéin smo s pribliznim ratunom
po zgoraj navedeni enalbi ekstrapolirali izdatnosti vrtin po enem letu in 10
letih. Ratun kaZe, da se izdatnost vrtin zmanj3a po enem letu za 28 do 31 %6 od
zaletne kolitine. Kasnej3a opazovanja so pokazala nekaj vedje padce izdatnosti,
kar pripisujemo medsebojnemu prekrivanju depresijskih lijakov vrtin in ver-
jetno tudi prostorski omejenosti vodonosne plasti, tj. litotamnijskega pe$fenja-
ka. V ra¢unu po zgoraj omenjeni enatbi se namreé predpostavlja, da je vodo-
nosna plast neomejena,

V radgonski depresiji, ki poteka od Maribora prek Radgone proti severo-
vzhodu, so terciarne plasti debele 1000 do 2000 m, Prevladuje miocenski lapor
s tanj$imi vloZki ped¢enjaka in konglomerata, Z dosedanjimi raziskavami niso
na$li pomembne akumulacije vode, paé pa je pri Radkersburgu vrtina zadela
v globini 270 m na tenek vodonosnik z mineralno vodo in CO: temperature
16 do 20° C ter majhne izdatnosti. V globoki vrtini so leta 1977 zadeli v globini
1900 m na paro in CO,. Tudi pri Benediktu v Slovenskih goricah so v globini
90 m zadeli na tenko pesteno plast z mineralno vodo in COz Kot kaZe, so v vedji
globini tudi vodonosniki s termaino vodo in celo paro, vendar je njihova izdat-
nost zaradi majhne poroznosti in prepustnosti miocenskega pesfenjaka in kon-
glomerata majhna.

Soboski prag je bil med Duplekom pri Mariboru in Mursko Soboto doslej
preiskan s Stevilnimi vrtinami, ki so pokazale, da so tod terciarne plasti debele
manj kot 1000 m. Temeljno gorstvo sestoji iz metamorinih skrilavcev. Naj na-
vedem nekaj podatkov vrtin. V vrtini T-1 v Boralevi je skupna debelina pli-
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ocenskih in miocenskih plasti 730 m; v vrtini V-42 Hrastje-Mota so bile pre-
vrtane le pliocenske plasti, debele 500 m. Pod njimi le%i gnajs. V vrtini SG-1
nastopajo pliocenske plasti, debele 395m. V vrtini MS-1 v Crnelaveih pri
Murski Soboti so terciarne plasti debele 791 m. V vrtinah MS-2 v Rakianu in
Mt-1 v Moraveih, ki leZita Ze na vzhodnem robu masiva, so terciarne plasti
debele 1183, oziroma 1295 m. Sestoje poveéini iz pliocenske gline in peska, delno
tudi pe$tenjaka, v manjsi debelini pa iz miocenskega laporja z vlozki pesce-
njaka in konglomerata. Seizmi¢ne meritve in vrtine so pokazale, da je prag pre-
sekan z vet prelomi jugozahod—severovzhod in preéno na to smer.

Na sobofkem pragu so v poroznih plasteh peska in pe3fenjaka akumulirane
v manj3i globini mineralne vode s COz, v veéji globini pa termomineralne vode
s COe in delno z ogljikovimi vodiki. Predvsem pliocenske plasti peska in peste-
njaka so zaradi dokaj velike poroznosti (30—409/0) in prepustnosti (k je do
8 X 10~ m/s) dokaj ugodne za pridobivanje mineralne, v veéji globini pa tudi
termomineralne vode.

Mineralno vodo pridebivajo v Radencih Ze dobrih sto let. Prva leta so na-
polnili le nekaj 10 000 litrov vode, na zafetku prve svetovne vojne okrog dva
milijona litrov in pred drugo svetovno vojno okrog 10 milijonov litrov na leto.
IntenzivnejSa rast proizvodnje se je zalela leta 1967, ko je Geoloski zavod raz-
iskal in zajel globlje lezete in izdatnejSe vodonosne plasti z mineralno vodo.
Prvotna zajetja so bila namre¢ plitva; segala so najve& 30 m globoko. Z zaje-
manjem novih vodonosnih plasti v §ir%i okolici Radenec je bilo omogogeno na-
daljnje povedanje proizvodnje, ki je leta 1972 dosegla skoraj 240 milijonov litrov
slatine in deita.

V Radencih se nahaja mineralna voda v pliocenskih in delno miocenskih
peStenjakih na povriini okrog 26 km?. Vreléno obmotje sega onstran meje do
Zetinec. Pe3¢ene vodonosne plasti se menjavajo z neprepustnimi glinastimi in
lapornimi plastmi. Debele so Sest do 45 m, nagnjene so proti jugovzhodu pod
kotom 5° do 10° Plasti so ob 3tirih prelomih, ki potekajo od jugozahoda proti
severovzhodu, premaknjene za 10 do 70 m. Zaradi tektonskih premikov so neka-
tere vodonosne plasti ob prelomih zaprte z neprepustnimi glinastimi plastmi,
medtem ko so druge prisle v stik s stratigrafsko mlaj$imi ali starej§imi vodo-
nosnimi pe$tenimi plastmi.

Poizkusna &rpanja v vrtinah in piezometrih, ki jih je v Radencih Ze prek 70,
so pokazala, da so najizdatnej$e pliocenske pesfene vodonosne plasti. NiZe leZe-
¢e panonske in sarmatske plasti vsebujejo le tanjSe vlotke vodonosnega peska,
katerega izdatnost je zaradi manjSe poroznosti in prepustnosti znatno manj3a.
Poleg tega ima ta voda manj ugodno kemi#no sestavo. Zato je v Radencih zajeta
mineralna voda le v pliocenskih plasteh, ki segajo v Meleh do globine 65 m,
v Radencih do 240 m in v Hrastju-Moti do okrog 400 m. Pliocenske plasti sestoje
iz menjavajotih se pe3éenih in glinastih usedlin. V Meleh je v pliocenskem za-
poredju tri do pet peSéenih plasti z mineralno vodo, debelih 6 do 25 m, v Raden-
cih je sedem do devet plasti, debelih 7 do 45 m, in v Hrastju-Moti ved kot 10
plasti, debelih 4 do 40 m. Zanimivo je, da se nahaja v Meleh in Hrastju-Moti
ob stiku pliccenskih vodonosnih plasti s kvartarnim prodom nizko mineralizi-
rana voda, ali pa sploh navadna voda, kar kaZe na zvezo mineralnih vodonosni-
kov z vrhnjo podtalnico.
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V Radencih pridobivajo mineralno vodo v glavnem z globokimi vodnjaki,
le manj§ del s starimi plitvimi zajetji. Skupna izdainost vodnjakov in starih
zajetij je okrog 30 l/s. Mineralna voda se delno sama izliva iz vodnjakov s po-
modjo naravnega »gas lifta« (kjer je mineralna voda bogatejia s COs), delno pa
jo érpajo. Izdatnost vodnjakov niha od 1,1 do 2,6 1/s pri zniZanju gladin za 12 do
41,5 m, Izdatnost vodnjakov je odvisna predvsem od prepustnosti vodonosnih
ped&enih plasti in njihove debeline. Po podatkih poskusnega ¢rpanja niha vred-
nost koeficienta prepustnosti od 2,5 X 20~% do 1 X 10-° m/s, izjema je pesteni
prod v Hrastju-Moti s 2 X 10~ m/s. Koeficient elasti¢ne izdatnosti, ki pa ni pov-
sem zanesljivo dologen, je okrog 7 X 10—4, Laboratorijsko dolofena poroznost
peska je 35 do 40 %. Zaradi majhne vrednosti Koeficienta elasti¢ne izdatnosti so
tudi depresijski lijaki posameznih vodnjakov zelo veliki; njihov polmer je
dosegel med poskusnim &rpanjem e po prvem dnevu &rpanja ved kot 1km.
Iz tega sledi, da se na radenskem obmo&ju depresijski lijaki vodnjakov medse-
bojno prekrivajo, kar vpliva tudi na dinami¢no gladino vode v vodnjakih.

Vse hidrogeoloSke parametre vodonosnih horizontov v Radencih smo izra-
¢unali s predpostavko, da gre za enofazni fluid, tj. da je plin COz povsem raz-
topljen v mineralni vodi. Meritve izdatnosti vode in plina v posameznih vod-
njakih so pokazale, da niha vsebnost plina od 1 do 8 g/l vode. Ker leZe zajete
vodonosne plasti globlje od 100 m, sklepamo iz podatkov o topnosti plina CO:
v odvisnosti od hidrostati®nega pritiska, da je v vodonosni plasti ves plin raz-
topljen v vodi. Iz vode se pri¢ne lotiti 3ele vie v vodnem stebru vodnjaka, kjer
se hidrostatiéni pritisk zmanjsa.

Iz podatkov o debelini in poroznosti vodonosnih pliocenskih plasti smo ratu-
nali tudi stati&ne zaloge mineralne vode. Na doslej znanem vrelénem obmotju
je okrog 900 milijonov m3 statiénih zalog mineralne vode, ki je pa seveda ni
mogote v celoti izkoristiti. Kolikien del teh zalog je izkoristljiv in kak&no je
napajanje vodonosnih horizontov z mineralno vodo, je seveda tetko ali skoraj
nemogote zanesljivo oceniti. Jasno je, da se v doloteni meri, ¢etudi majhni,
terciarni vodonosniki napajajo s povrsja in iz podtalnice. Na povr§je prihajajo
v goricah, v dolini Mure pa so v stiku s podtalno vodo. Na infiltracijo podtalnice
v terciarne pestene plasti kaZejo kemine analize vode iz vrtin. V dolo&eni vo-
donosni pe$teni plasti namreé¢ pada mineralizacija vode z razdaljo do stika
z vrhnjo podtalno vodo. Prodiranje podtalne vode v terciarne pedtene plasti je
zaradi majhnega koeficienta prepustnosti in majhnega hidravlinega strmca
izredno poZasno. V naravnih pogojih, tj. pred pri¢etkom izkorid¢anja, ko je mine-
ralna voda iztekala iz terciarnih vodonosnih plasti na povr$je, oziroma se je
izlivala v podtalnico le po prelomih s pomo&jo naravnega »gas liftax, je bil
hidravliéni strmec izredno majhen. Vsekakor sklepamo, da se je v naravnih
pogojih izlivalo proti povriju le nekaj lfs mineralne vode; todnih podatkov
o izdatnosti prvotnih izvirov mineralne vode pa seveda ni. Sedaj, ko se izkoriS¢a
okrog 30 1/s mineralne vode, je hidravli¢ni strmec veéji in je intenzivnejse tudi
prodiranje podtalnice v terciarne vodonosne plasti. Ker pa je povriina, skozi
katero pronica podtalnica v vodonosne plasti, sorazmerno majhna, majhna pa je
tudi njihova prepustnost, je gotovo, da z izkoris¢anjem 30 1/s mineralne vode
presegamo njeno naravno obnavljanje in izkori&¢amo v veliki meri elasti®no
vpeto vodo, h kateri je treba pristeti e dodatne koli¢ine vode, ki se izceja iz
krovninskih in talninskih polprepustnih plasti. Pri oceni elasti¢nih zalog seve-
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da ne smemo upoStevati samo doslej znanega vreldnega obmotja, ki obsega
okrog 26 km?, ampak vedji del sobodkega praga in ljutomerske depresije. Znano
je namre, da so razvite pliocenske pei¢ene plasti zvezno skoraj na celotnem
omenjenem ozemlju, kar seveda najmanj desetkrat presega povr§ino vrel¥nega
obmotja. Pribli¥na cenitev elasti¢nih zalog na vrelénem ozemlju v Radencih je
pokazala, da bi pri poprednem zniZanju piezometri¢ne gladine za 50 m le-te za-
dostovale le za dvoletno do triletno obratovanje. Piezometri¢ne gladine so se na
vrelénem obmotju, kot kaZejo opazovanja, v zadnjih dveh letih dokaj ustalile,
¢eprav se je &rpalo v zadnjih petih letih stalno okrog 30 l/s mineralne vode. Na
podlagi tega smo tudi ocenili dinamine zaloge mineralne vode po izdatnosti
vodnjakov pri ustaljeni piezometri®ni gladini, kar skupaj preseZe 40 1/s mine-
ralne vode. Pri takdni intenziteti érpanja je seveda moZno, da bosta v nekaterih
vodnjakih, ki so locirani v bliZini stika terciarnega vodonosnega horizonta s
podtalnico, mineralizacija in vsebnost CO, postopno padali in kon&no presli
v navadno vodo. Iz tega pa sledi, da ocenjene dinami¢ne zaloge mineralne vode
niso povsem realne, v resnici so manjie. V dinami¢nih zalogah mineralne vode
lahko namre¢ upodtevamo le mineralno vodo dolotene kemiéne sestave, ne pa
navadne vode.

Razen v Radencih so Ze od nekdaj znani naravni izviri mineralne vode
manjSe izdatnosti v dolini S#avnice. Hidrolotke raziskave so leta 1977 pokazale,
da se nahaja mineralna voda v pliocenskih, panonskih in sarmatskih pe3¢enih
plasteh, Pei¢ene panonske in sarmatske plasti so debele 3 do 25 m. Laboratorij-
sko dolo¥ena poroznost je okrog 44 % in laboratorijsko doloéen koeficient pre-
pustnosti okrog 10~7 m/s, to je znatno manj kot v Radencih. To&nejSih podatkov
o vrednosti koeficienta prepustnosti ¢ nimamo, ker ni bilo izvedeno poskusno
&rpanje. Po izdatnosti vrtin, s katerimi smo zajeli posamezne pancnske in sar-
matske vodonosne horizonte z mineralno vodo pa sklepamo, da je njihova pre-
pustnost znatno manjfa kot prepustnost pliocenskih plasti v Radencih. Vrtine
namreé dajejo s samostojnim izlivom popre¢no okrog 0,5 l/s mineralne vode. Te
vrednosti se ujemajo s podatki, ki smo jih dobili v Radencih. Tudi tam je izdat-
nost panonskih in sarmatskih plasti znatno manjSa kot izdatnost pliocenskih
plasti. V dolini S&avnice, razen v Oteslavcih, pliocenske plasti ne vsebujejo
mineralne vode. Raziskave v S¢avnici $e niso kon¥ane; zaenkrat smo preiskali
panonske in sarmatske plasti le do globine 150 m.

Poleg mineralne vode, katere temperatura v Radencih v nekaterih globlje
zajetih vodonosnih horizontih preseZe 20°C, so na$li v ve&jih globinah tudi
termomineralno vodo. V $ir3i okolici Radenec je bila najdena voda s tempera-
turo 35 do 40 °C v globini 350 do 400 m, izdatnost peSéenega vodonosnika pa je
bila do 51/s. V Moravcih na obrobju soboSkega masiva segajo te plasti le do
globine priblizno 900 m in 3e niso bile preiskane. Vodo namreé sedaj izkoris¢a-
jo iz zgornjepanonskega (miocenskega), tako imenovancga pctiSovskega pedte-
njaka v globini 1115 do 1255 m; njegova izdatnost je do 101/s, temperatura vode
pa okrog 70°C. Ta pedtenjak ima nekoliko manj3o poroznost kot pliocenski
fokrog 18 do 25%0). V skladu s tem pa je tudi nekoliko manjsa njegova pre-
pustnost; po sedanjih podatkih niha v 3irokih mejah od 100 do 500 milidarcycv,
kar je enako vrednosti koeficienta prepustnosti k = 7 X 10~7 do 3,5 X 10~ m/s.
Vrtina Mt-4, ki je bila izvrtana pri Mt-1 poSevno, tako da je petiSovski pe3e-
njak zajet 700 m od nje, daje 31/s.
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V tortonskih plasteh, kolikor so na sobofkem pragu razvite (ponekod jih ni),
prevladuje lapor, ponekod leZi bazalni konglomerat neposredno na temeljnem
gorstvu. Po podatkih laboratorijskih raziskav je njegova poroznost okrog 20 %b.
Termalna voda je bila doslej najdena le v miocenskem peSfenjaku v vrtini
MS-3 v Mlajtincth, vendar so moznosti za njeno akumuliranje tudi drugod.
V vrtini MS-3 so v globini 1250 m z nastreljevanjem dobili termomineralno
vodo s CO, temperaturo 60 °C in izdatnostjo 4 1/s.

Soboski prag, posebno njegovo jugovzhodno obrobje, ima izredno vazno vlogo
v hidravliénem mehanizmu vodonosnikov s termalno vodo v naslednji tekton-
ski enoti, ljutomerski depresiji. Na sobo¥kem pragu namre& prihajajo na po-
vrije pliocenske plasti; zato je moZno njihovo napajanje iz podtalnice Dravske-
ga in Ptujskega polja. V Slovenskih goricah in na Goritkem se pliocenske plasti
manj napajajo, ker jih prekriva kvartarna povr3inska glina.

Za globlje leZete miocenske plasti, ki pridejo na povrije na severozahodnem
robu radgonske depresije, pa predstavlja sobo¥ki prag bariero, ob kateri so te
plasti v vetji ali manji meri prekinjene, oziroma se mo&no stanjajo. Zato se
miocenske plasti na vzhodnem obrobju sobofkega praga in v ljutomerski de-
presiji ne napajajo s povr3ja in predstavljajo poveéini zaprte vode,

Naslednja tektonska enota je globoka ljutomerska depresija, ki se razteza
od Slovenske Bistrice prek Ptuja in Ljutomera proti Lendavi. Depresija je
z vzdolznim prelomom razdeljena v geoloikem, posebno pa v hidrogeoloskem
pogledu na dva dela. Jugovzhodno od ljutomerskega preloma prevladuje mi-
ocenski lapor. V Prekmurju pa so zastopani tudi pliocenska glina, pesek in
peSfenjak. Miocenske plasti so na Piujskem polju in ponekod v Slovenskih
goricah postavljene skoraj v navpiZno lego in s tem zapirajo vodonosnike, ki so
razviti v severozahodnem delu depresije. Miocenske plasti, ki so sicer v stiku
s podtalnico Apa¥kega polja in obmurske ravnice na avstrijski strani, so pre-
kinjene ob visoko dvignjenem sobo¥kem pragu, ki sestoji iz metamorfnih ka-
menin, in zato praktino zaprte v ljutomerski depresiji. S tem je preprefeno
napajanje s povrsja; voda, ki jo vsebujejo miocenske plasti, je vsaj delno, &e ne
v celoti, zaprta voda, ki je bila v dolgih geolo8kih obdobjih zaradi razliénih pro-
cesov diageneze in drugih vplivov precej spremenjena, V globlje leZedih pla-
steh je slana.

Zgoraj navedeni podatki kaZejo, da so v ljutomerski depresiji posebno za-
nimive za pridobivanje termalne vode pliocenske porozne plasti, ker so dokaj
debele, in segajo povelini prek 1000 m globoko. So tudi bolj prepustne in se
vsaj do dolofene mere napajajo s povrSja. Geotermi¥ni gradient je v tej de-
presiji ve&ji kot na sobofkem pragu; v vrtini P-1 v Ptuju je 33 n/1°C, v vrtini
Mo-1 v Moravcih v Slovenskih goricah 25 m/1 °C, medtem ko je v Petifovcih po
doslej znanih podatkih enak kot na soboskem pragu, tj. 18 m/1°C.

V Ljutomerski depresiji je bila doslej zajeta termalna in termomineralna
voda v vrtinah P-1 pri Ptuju, Mo-1 v Moravcih, Ve-1 v Banoveih in Pt-20 v Pe-
tifoveih. V vrtini P-1 v Ptuju je zajeta termalna voda s temperaturo 40°C
v pliocenskih prodnih plasteh v globini 893 do 1064 m (sl. 2). Vodonosne plasti
so zajete s perforiranimi cevmi. Skupna debelina zajetih plasti je 59 m. Poroz-
nost prodnih plasti je po laboratorijskih podatkih 33%b. Vrednost koeficienta
prepustnosti k je po podatkih poizkusnega &rpanja 2,8 X 10*m/s, koeficient
elasti®ne izdatnosti S pa 0,003. Piezometriéna gladina vodonosnika je Sest me-
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trov nad povrijem terena. V vidini ustja vrtine se preliva sedaj 1,11/s vode
s temperaturo 33 °C, pri zniZanju piezometri¢ne gladine za 73 m je bilo s ¢rpa-
njem dobljeno 101/s vode s temperaturo 40,8°C. V vrtini Mo-1, (opu$tena
naftna vrtina) so bile zajete spodnjepliocenske {pontske) vodonosne pestene
plasti v globini 845 do 1107 m s perforiranimi cevmi. Skupna debelina zajetih
pedtenih plasti je 109 m. Podatkov o poroznosti vodonosnih plasti ni. Po po-
datkih érpalnega poizkusa je bil izralunan koeficient prepustnosti k¥ = 1 X
K 10~¢ m/s. Piezometri¢na gladina vodonosnika je 3,45 m nad povrijem terena.
V vidini ustja vrtine se preliva 0,6 do 0,71/s vode s temperaturo 30°C. Pri
zniZanju piezometri®ne gladine za 51 m je bilo dobljeno 61/s termalne vode
s temperaturo 42 °C. Voda ni mineralna in ne vsebuje prostega COs.

V vrtini Ve-1 je bila zajeta voda z nastreljevanjem v globini 1346 do 1365 m.
Voda ima temperaturo okrog 65 °C in vsebuje tudi metan. Z zniZanjem gladine
za 50 m pridobivajo okrog 81/s termalne vode.

V vrtini Pt-20 je zajeta voda v pliocenskih pe&enih plasteh v globini 817 do
822 m. S samostojnim izlivanjem izteka 1,51/s termalne vode, s érpanjem pa do
10 1/s vode s temperaturo 44 °C. Voda ne vsebuje plina COs.

V zvezi s pojavom nekaj 10 m debele plasti miocenskega litotamnijskega
pedtenjaka na juZnem robu sobodkega praga pri Dupleku se poraja misel, da
vsebuje ta plast v vedji globini termalno vodo z visoko temperaturo. V okolici
Ptuja ter v Slovenskih goricah je ta plast Ze prek 2000 m globoko, vendar ni
povsem gotovo, &e se neprekinjeno nadaljuje pod mlajSeterciarnimi plastmi.
Raziskave tako globoko leZede plasti pa bi bile tudi zelo drage.

Jugovzhodno od ljutomerskega preloma je zajeta termalna, oziroma termo-
mineralna voda le v Petifoveih in Vudkoveu. Terciarne plasti so v tem delu
Ljutomerske depresije nagnjene Ze proti severovzhodu, iz ¢esar sklepamo, da se
vodonosniki v teh plasteh lahko napajajo na obrobju halosko-ormoZko-hohot-
skega praga, kjer vsaj pliocenske plasti pridejo na povrije,

Nikakor pa ni povsem izkljugeno, da je termalna voda z zelo visoko tempe-
raturo tudi v razpokanem apnencu in dolomitu temeljnega gorstva v juZnem
delu Ptujskega polja, vzhodno od Ljutomera in pri Lendavi. Te razpokane
kamenine leZe tod Ze zelo globoko, verjetno prek 4000 m. Mo%no je namreé, da
cirkulira padavinska voda od kraja, kjer se pojavljajo na povriju v jedru
halo$ko-ormosko-hahotskega praga (Bol, Ravna gora) po 3tevilnih tektonsko
zdrobljenih conah v veliko globino, Apnenec in dolomit se namret iz jedra
masiva nadaljujeta pod terciarnimi plastmi verjetno vse do ljutomerskega pre-
loma. Raziskave tega vodonosnika pa bi bile seveda zelo drage.

Izkoristljivost zalog termalnih in termomineralnih vod

Termalne vode v poroznih plasteh ni mogote v celoti izkoristiti. Z navadnimi
potopnimi &rpalkami ni mogole piezometritne gladine tako globoko zniZati,
da bi za&eli neposredno izsuSevati vodonosne plasti, ki le¥e v globini prek 500 m.
Pritok vode v vrtino v tak3nem primeru ni ved odvisen od velikosti efektivne
poroznosti, ampak od koeficienta elastine izdatnosti S. Poleg tega je vsekakor
pomembna prevodnost vodonosnika T, ki je produkt debeline vodonosne plasti
in koeficienta prepustnosti. Koeficient elastiéne izdatnosti oznaduje tisti del
vode, ki se iztisne iz elementarne prizme vodonosnika pri dolofenem zni%anju
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pritiska na raun elasti¢nosti vode in deformabilnosti skeleta vodonosne plasti.
Za primerjavo naj navedem, da podaja Bo&ever (M. Boreli, 1963) za
peske vrednost efektivne poroznosti od 1,8 X 10~ (18%s) do 2,8 X 10~ (28 /o),
medtem ko je vrednost koeficienta elasti®ne izdatnosti za peske od 2 X 10— do
2 X 10, torej sto do tiso¢krat manjsa. Za trdne peiCenjake pade ta vrednost
do 1 X 10-¢

Kot primer naj navedem, da bi dobili iz pliocenskih poroznih plasti, ki se
razprostirajo po podatkih ing. Szaboja (1975) v severovzhodni Sloveniji na
povriini 1900 km?, po ena¢bi

AVg =S X FXs =112 X 1073 X 1,9 X 10° X 5,0 X 10

priblizno 106,400.000 m? termalne vode

S = koeficient elastine izdatnosti
F = povr§ina vodonosnika
s = zniZanje piezometriéne gladine.

V radunu sem privzel, da je skupna debelina pliocenskih poroznih plasti (s po-
roznostjo 25 %) v globini pod 500 m okrog 100 m, nadalje sem predpostavil, da
bi z mreZo vriin dosegli regionalno zniZanje piezometri¢ne gladine povprelno
za 50 m in da je vrednost Koeficienta elasti¢ne izdatnosti 1,12 X 10~3. Tega sem
priblizno izratunal po enatbi (M. Boreli, 1968)

1
E(‘ nXEsq
— 1 X 104 X 0,25 X 10-3 X (0,5 X 10~ + 4,10~ — 1,12 X 10°3

Pripominjam, da so za zanesljivej§i radun tega koeficienta potrebni podatki
¢rpalnega poizkusa.

M = debelina vodonosne plasti (1.10*cm)
s = specifitna teZa vode 1.10-% kg/em?
n = poroznost (0,25)

E. = 2.10* kg/cm? elastiéni modul vode

Eqq = 10% kgfem? elastiéni modul skleleta vodonosne plasti.

V pojasnilo, kaj ta koli¢ina vode pomeni, naj navedem, da bi se ta voda izkori-
stila priblizno v 30 letih, e bi na celotni upo$tevani povriini (1900 km?) Zrpali
vodo iz pravilno razporejene mreZe 20 vrtin s povpre¥no kapaciteto 8 /s (vedjo
izdatnost je pritakovati samo v posameznih primerih), pri ¢emer bi piezometri¢-
no gladino kontinuirno zniZevali, dokler ne bi po 30 letih padla na celotnem
obmotju povpretno za 50 m. Pogoj je seveda, da se vodonosne plasti razprosti-
rajo neprekinjeno na celotni povrgini, da se ne izklinjajo in da niso po prelomih
razkosane v posamezne izolirane grude. Zgornji radun je zgolj orientacijski in
v njem tudi nismo upoitevali delnega nadomestanja rezerv elasti¢no vpete vode
zaradi napajanja s povr§ja in izcejanja vode pri padcu pritiska iz krovninskih in
talninskih polprepustnih plasti (L. Zlebnik, 1975).

Z vedjim regionalnim zniZanjem piezometri¢ne gladine bi seveda dobili
vetje kolitine vode, ki pa ne bi bile premo sorazmerne z zniZanjem, ampak
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manjse. Vzrok temu je v zmanj3anju poroznosti vodonosnih plasti, ki je posle-
dica zmanj¥anja piezometriénega pritiska. Opozarjamo pa, da piezometritne
gladine ne moremo v nedogled zniZevati, kajti zmogljivost potopnih ¢rpalk
je omejena, razen tega pa &rpalke z vedjimi dviZnimi vifinami zahtevajo veliko
vet energije in velje premere vrtin.

Miocenske plasti vsebujejo na sobofkem pragu in v ljutomerski depresiji
pravzaprav le zaprto vodo, zato so prakti¢no izkoristljive le zaloge elasti&no
vpete vode, razen seveda v primeru, e bi zniZali piezometriéno gladino zs
1000 ali vet metrov. Zaloge elasti¢no vpete termalne vode pa so precej manjse
zaradi manjfe vrednosti koeficienta elastitne izdatnosti.

Opozoriti moramo $e na drug problem, ki se lahko pojavi pri izkori§¢anju
termalnih voda. SoboXki prag, kot tudi ljutomerska depresija sta po obstojeéih
podatkih preprezena s prelomi v dveh smereh, ki sta pravokotni ena na drugo.
Ob prelomih so plasti, torej tudi vodonosniki, premaknjene in v posameznih
primerih tudi prekinjene. Vodonosne plasti so torej razkosane v #tevilne veéje
ali manj¥e bloke, v katerih so vodonosniki v odvisnosti od na¢ina premikov bo-
disi popolnoma izolirani ali pa so hidravli®no zvezani z ostalimi bloki. V pri-
meru, da je zajeta termalna voda v majhnem izoliranem bloku, so seveda
razpoloZljive zaloge elastitno vpete vode zaradi majhne povriine bloka zelo
majhne. V tem primeru bi vso razpolozljivo termalno vodo izkoristili %e v so-
razmerno kratkem &asu. Zato je treba pri zajemu termalnih voda e prej &im
natandneje razjasniti geologko zgradbo v $irdi okolici dolodene lokacije.

Problemi nastanka mineralnih in termalnih vod ter plina CO:

Omenili smo %e, da so termomineralne vode v miocenskih poroznih plasteh
na soboSkem pragu nekoliko spremenjene reliktne vode, tj. izvirajo iz nekda-
njega panonskega morja. Na to kaZe tudi precejinja vsebnost soli v termomine-
ralni vodi v Moraveih in Mlajtincih. V Moraveih v Slovenskih goricah in
v Ptuju vsebujejo pliocenske porozne plasti (pesek-pedteni prod) navadno vodo
tipa NaHCOs. Morda je ta voda prav tako reliktna voda ze sladkega panonskega
jezera. Iz geoloSke zgradbe tega obmodja lahko tudi sklepamo, da je v &asu
aktivnosti velikih prelomov na tem obmot&ju intenzivno cirkulirala voda skozi
te plasti, tj. infiltrirala se je povr§inska voda skozi povriinske golice, Ze
ogreta voda pa je iztekala iz globoko lefeéih poroznih pliocenskih plasti ob
prelomih na povr3je. V dolgih obdobjih aktivnosti prelomov v mlaj§em pliocenu
je bila na ta nadin lahko relikina voda iz posameznih vodonosnikov povsem
izpodrinjena in hadome&tena z vodo s povrija.

Posebno zanimivo je vpradanje nastanka mineralnih vod v terciarnih poroz-
nih plasteh na soboSkem pragu in v radgonski depresiji. Bistvena znagilnost teh
vod je, da pripadajo skupinam NaHCOi;. NaCaHCOs in CaHCOs in delno sku-
pini NaHCOsCl in da vse vsebujejo vedje ali manjse kolitine prostega CO:. Na
radenskem obmotju pripadajo vode skupini NaHCOs — delno NaCaHCO: in
NaHCOsCl, v Nuskovi skupini CaHCOsSOs in v S&avnici CaHCOs, delno
CaNaHCOs, redko skupini Ca NaHCOsCl. Kemiéna sestava vod kaze, da sta na
njihov nastanek vplivali do dolofene mere mineralna sestava porozne vodo-
nosne plasti (na pr. v Nuskovi litotamnijski apnencc) in sestava prvotne vode
iz panonskega jezera, ki je bila akumulirana v poroznih plasteh, v veliki meri
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pa poznejii procesi — infiltracija vod s povrja in nadome$anje reliktne vode
v vodonosnih plasteh z vodo s povrija. V Radencih, pa tudi v dolini Savnice,
je v &asu intenzivnih tektonskih premikanj v pliocenu priflo do moénih spre-
memb prvotne sladke vode iz panonskega jezera, ki se je bila akumulirala
v poroznih pliocenskih plasteh. Ob §tevilnih prelomih v smeri jugozahod-severo-
vzhod je zadela prodirati iz globlje leZefih panonskih in sarmatskih poroznih
plasti polslana reliktna voda in se meSati s sladko vodo v pliocenskih poroznih
plasteh. Prodiranje vode je omogotila poleg stalno se obnavljajo¢ih premikov
ob prelomih v bistveni meri tudi naravna sprostitev raztopljenega COs, s ka-
terim je bila prepojena voda v globljih poroznih plasteh. Plin CO: je vseka-
kor dotekal ob prelomih iz ve¢jih globin, bodisi da je vulkanskega ali pa meta-
morfnega porekla. Najprej se je topil do zasi¢enosti v najgloblje leZe¢ih poroz-
nih miocenskih plasteh in je Sele nato prodiral vzdoli prelomov, skupaj z vodo
v vide leZete pliocenske porozne plasti, kjer se je zopet topil v nezasi¥eni sladki
vodi. Prodiranje in raztapljanje plina CO: je povzrodilo nadaljnje spremembe
vode v poroznih plasteh. Voda je postala agresivna in je topila minerale v sa-
mih poroznih vodonosnih plasteh. Na to kaZejo na primer kaverne v litotam-
nijskem pe$tenjaku v Nuskovi, ki so verjetno nastale po delovanju agresivne
mineralne vode. Pozneje, v kvartarju, ko se je tektonska aktivnost umirila, je
prenehalo tudi prelivanje visoko mineralizirane vode, nasitene s COz, iz glo-
bokih miocenskih vodonosnih horizontov v viSe leZeZe pliocenske vodonosne
plasti. Tedaj se je zadel obraten proces, tj. infiltracija in prodiranje povr3inske
vode v pliocenske vodonosnike ob istofasnem (verjetno ne posebno intenzivnem)
jzlivanju mineralne vode na povr§je s pomo&jo naravne sprostitve plina iz
pliocenskih vodonosnikov skozi posamezne prelome, aktivne v kvartarju, ozi-
roma pod povrijem v podtalnico.

Iz vsega tega sledi, da so vse mineralne in termalne vode v pliocenskih kot
tudi miocenskih vodonosnih plasteh po poreklu stare vode, ki pa so zaradi
kasnejsih procesov v veliki meri spremenjene.

O poreklu plina COz sta dve teoriji, po prvi je vulkanskega, po drugi meta-
morfnega porekla. Velik del avtorjev, posebno sovjetskih, se nagiba k mnenju,
da je metamorfnega izvora, torej je nastal v samih plasteh zaradi poviSane tem-
perature in razliénih kemiénih procesov. V Radencih je posku$al ta problem
rediti indtitut JoZef Stefan na podlagi analiz izotopov C in O v plinu CO:. Po
podatkih njihovih raziskav naj bi bil plin CO: nastal iz karbonatnih kamenin pri
temperaturah od 50 do 120 °C. Zanimivo je da je predpostavljena temperatura
nastanka plina CO: tem vi§ja, iz &im globljih plasti je bil vzorec plina vzet;
npr. temperatura nastanka plina CO: v vrtini T-1 iz globine 700 m naj bi bila
prek 100 °C. Danes takih temperatur v teh globinah ni, zato tudi ni ve¢ moZno
nastajanje plina CO:. Pag pa so bili verjetno taki pogoji v mlajSem pliocenu, ko
so sorazmerno blizu Radenec (Kloch — 15 km dale?) delovali bazaltni vulkani
in je bila geotermi¢na stopnja v $iroki okolici vulkanov povsem drugaéna. Tedaj
so verjetno Ze v sorazmerno majhnih globinah nekaj 100 m temperature prese-
gale 50°C in je lahko nastajal plin iz panonskih sarmatskih laporjev ter se
raztapljal in akumuliral v bliZnjih poroznih vodonosnih plasteh. Ko je vulkan-
ska aktivnost pred nekaj milijoni let prenehala, je nehal v plitveje lezedih
terciarnih plasteh nastajati plin COs, Se vedno pa obstaja moZnost, da nastaja
plin CO: v globlje leze¢ih karbonatnih terciarnih plasteh in karbonatnih meta-
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morfnih kameninah (v marmoru). Seveda so koli¢ine nastajajofega plina COs
omejene, prav tako je zaradi uporov pri prodiranju COz navzgor omejen tudi
pretok v viSe leZete porozne terciarne plasti. Iz tega pa sledi, da so zaloge plina
konlne in omejene na tisto kolitino, ki je raztopljena in akumulirana v poroznih
terciarnih plasteh ter na stalen dotok plina iz globine, ki je prav tako omejen.
Prav lahko se zgodi, da v Radencih pri sedanjem intenzivnem ¢rpanju mineralne
vode in raztopljenega plina CO: Ze moino presegajo naravno dotekajoée koli-
line plina iz globine ter izkori§¥ajo v glavnem zaloge raztopljenega plina v mi-
neralni vodi. To pa nas navaja na misel, da bo zadela v dogledni prihodnosti
kolid¢ina raztopljenega plina CO: v vodi padati in bo treba zato dobiti manjka-
joke kolidine plina CO: z zajetjem globlje leZedih vodonosnikov z visoko mine-
ralizirano vodo in velikimi koli¢inami raztopljenega plina CO:. Seveda so take
refitve le zaBasne. Veliko bolje bi bilo Ze sedaj racionalizirati &rpanje mineralne
vode in raztopljenega plina CO: ter proizvodnjo prilagoditi tako, da se ohrani
naravno ravnotezZje.
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Anton Ramov§: Okamnelo Zivljenje v jeseniSkem prostoru. Izdal Teh-
nidki muzej Zelezarne Jesenice 1978. Obseg 83 strani in tabela v prilogi. Format
14 X 20 em.

Jeseniski prostor spada med tiste dele Slovenije, kjer je veliko fosilov. To
velja predvsem za razlidnost Zivalskih in rastlinskih skupin, rodov in vrst, manj
pa morda za 3tevilo primerkov. Zato je posebej pohvalno, da je Tehni¥ki muzej
Zelezarne Jesenice razumel pomen teh najdb, &eprav fosili gotove niso osnovni
predmet njegovega dela. VioZil je znatna sredstva najprej v kartiranje kara-
vandkega prostora, potem v nabiranje fosilov, pripravo bogate zbirke okamenin
in kon¢no v izdajo vodnika po zbirkah fosilov pod naslovom »Okamnelo Ziv-
ljenje v jeseniSkem prostoru«. Razumevanja za ta prizadevanja sta pokazala
tudi Kulturna skupnost Jesenice in IzobraZzevalna skupnost Jesenice. Tako smo
Slovenci, podobno kot Avstrijci, Svicarji, Nemci in drugi dobili opis in zbirko
fosilov dolodenega prostora.

Zbirka fosilov in njihov opis sta nastala po velletnem vztrajnem iskanju
okamenin v Karavankah in drugod. Zlasti v Karavankah je pri tem obilo so-
deloval Jote Bedi&; njegovo bogato paleontoloiko zbirko je Tehniski muzej
na Jesenicah odkupil. Ta navdufeni amaterski zbiralec je bistveno prispeval
k raznovrstnosti in bogatosti zbirke in mu zato vodnik posveta kar premajhno
pozornost.

V prvem poglavju nove knjiZice je kratek pregled dosedanjih paleontolo8kih
raziskav tega obmotja. Slede podatki ¢ objavljenih in drugih delih. Na kratko
je opisano nastajanje okamenin in njihov pomen za razvojno zgodovino, za
dolodevanje starosti plasti, za spoznavanje nekdaniih morij in kopnin na Zemlji
in celo za raziskave mineralnih surovin.

Najvedji in najpomembnej$i del knjiZice obsega pregled in opis doslej
znanih fosilov na jeseni$kem prostoru. Koristna je priloZena tabela s pregledom
rastlinskih in Zivalskih skupin po geoloZkih dobah, posebej na jesenifkem
prostoru. Opisane so najprej morske in kopenske rastline. Med morskimi so
alge, medtem ko so med kopenskimi najzanimivejsi Stevilni ostanki iz zgornje-
karbonskih plasti v Karavankah. Slede opisi Zivalskih skupin: praZivali, morske
gobe, korale, hidrozoji, mehkuZci, trilobiti, brahiopodi, briozoji, krinoidi in
morski jezki.

Knjizica je sicer v prvi vrsti zamisljena kot vodnik po zbirkah Tehniskega
muzeja na Jesenicah. Vendar ta namen ni 2isto doseZen, saj ni povezave opisov
z eksponati v muzeju (ni oznadenih vitrin, inventarnih 3tevilk in podobno).
Zato pa vsebuje knjiZica vrsto podatkov, med katerimi so nekateri celo prvi¢
objavljeni ali vsaj prvi¢ zbrani na enem mestu. Kopenske rastline smo Ze
omenili. Nadalje so natete Stevilne foraminifere, predvsem iz skupine fuzu-
linid. O najdbah morskih gob smo doslej bolj malo vedeli. Najdeni so bili
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karbonski polZi in 3koljke. Naj v tej zvezi omenimo, da je bila v 1. delu
21. knjige GEOLOGIJE objavljena zanimiva razprava o zgornjekarbonskih
fkoljkah iz JavorniSkega rovta, ki jih je dolodila K. A. Astafieva-Ur-
bajtis. V Lepeni pa so bile s pomo&jo pol¥ev in Zkoljk prvi¢ dokazane
brakitne eocenske plasti v Karavankah. To favno je opisal v svojem diplom-
skem delu V. M ik u 2. Karbonski trilobiti iz Karavank so med najitevilnejsimi
doslej znanimi iz tega obdobja sploh. V Javorniskem rovtu so na8li okrog
16 cm dolge bodice morskega jezka. Tako velikih ne poznajo pri nobeni doslej
znani zgornjekarbonski vrsti.

Taksnih zanimivih in strokovno pomembnih podatkov je v knjiZici A. Ra-
movia dolga vrsta. Ze zato lahko publikacijo toplo pozdravimo. Poleg tega
je to prva tovrstna poljudna paleontoloska publikacija pri nas. Zeleti bi bilo,
da bi podobne paleontolofke zbirke in spremljajote knjiZice pripravili tudi
drugod v Sloveniji, kjer je mogode dobiti tako ali %e bolj Stevilne okamenine
kakor na jeseni¥kem prostoru.

Rajko Paevlovec

Karl Heinrich Hartge: Einfilhrung in die Bodenphysik. Ferdinand
Enke Verlag, Stuttgart, 1978. ISBN 3-432-89681-6. Obseg: XVI -+ 364 strani,
142 slik in 16 tabel. Velikost 12 X 19 cm. Vezano v mehko plastiko, 24,80 DM.

Avtor Zeli s to knjigo izpolniti vrzel med podro¢jem splodne fizike tal in
podro¢ji posebnih fizikalnih metod za raziskavo tal. Kot splofno fizikalno
metodo navaja pedologijo in jo primerja s fizikalnimi metodami mehanike tal,
hidravlike, termike in fizikalne kemije tal. Poleg tega obravnava fizikalne
pojave in spremembe na povriju in pod povrijem tal kot posledice kompleksnih
fizikalnih, biolo3kih, kemitnih, ekolo¥kih in &asovnih vplivov, npr. erozije,
obdelovanja, urejanja za potrebe Zivljenja itd. Na sedanji stopnji vsestranskega
razvoja naravoslovnih fizikalnih ved, kot zelo specializiranih, obenem pa med-
sebojno prepletenih, bi bila fizika tal kot kompleksna osnovna veda o pojavih
na zemlji najbolj primerno izhodiSée za vse naravoslovne, tehnine, biolofke
in druge obravnave tal. Tako usmerjena fizika tal ne bi pusdala prostora za
»luknje«, ki jih morajo po potrebi zapolnjevati posamezne razprave z relativno
ozkih fizikalnih podroéij.

Vsebina knjige je razdeljena na dvanajst poglavij, ki obravnavajo zrna-
vost (1), strukturo kot statifno in dinamiZno strukturne stabilnost (2), razli’ne
vplive med vodo in tlemi (3), hidrostatiko podzemeljske vode (4), hidrodina-
miko (5), zaloge vode v tleh (6), pline v tleh (7), termiko tal (8), rastlinje in
fizikalne spremembe, ki iz njega izhajajo (9), erozijo (10), filtracijsko sposobnost
tal (11) in napotke za litcraturo (12).

Zrnavost je prikazana tabelarno s frakeijskimi mejami po DIN 4188. Osnova
je Atterbergov sistem, kjer je frakcijska meja med glino in meljem oznagena
z ekvivaleninim premerom zrna 2 um. Ker so delci pogosto nepravilno in raz-
li¥no oblikovani, se za njihovo velikost vzame nadomestna vrednost pravilno
oblikovanega delca — krogle — ki se obna$a enako kakor delec, dolofen za
preiskavo. Ta delec je torej krogli enakovreden — ekvivalenten. Velikosti zrn
so torej v tabeli podane z ekvivalentnimi premeri. Meje debelej¥ih frakcij od
2 um so dolotene tako, da se ta osnovna vrednost zaporedoma mnoZi s faktor-
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jem 10, za drobnejse pa deli z 10. Na {a nadin je obmocéje velikosti od 0,2 do
2.10% razdeljeno na Sest razredov: glina, melj, pesek, prod, kamniti kosi in kam-
niti bloki. Ti razredi so po sredini razdeljeni na podrazrede. Mejna vrednost
med meljem in peskom je 1/16 mm, to je zaokroZeno 83 um. Analogno kot prej
se za razmejitev debelej§ih frakcij ta vrednost mnoZi z 10, za drobnejSe pa
deli z 10.

V tabelo so vnesene tudi metode za lolitev posameznih frakeij: usedanje
po centrifugalnem pospe§ku za glino, usedanje po gravitacijskem ali zemelj-
skem pospeSku za melj, za vse debelejse frakcije pa sejanje. Pogostnost zrn
dolo¢enih velikosti je za nekatere vrste tal podana v obliki porazdelitvene
krivulje.

Podobno kot velikost zrn je obravnavana tudi velikost por. Toda v nasprotju
s trdnimi delci por med njimi ni mogode omejiti zaradi njihove raznovrstnosti
in kontinuirnih zvez. Zato so podatki o velikosti por $e bolj vezani na kon-
vencionalne mere kot velikost trdnih delcev. Za ekvivalentni premer je tu
privzet premer krozne kapilare, v kateri vlada pod meniskusom pri polnem
kapilarnem dvigu enak pritisk kot v dolodeni pori v ileh. Ekvivalentni premer
se izraluna iz hidrostati¢nega pritiska, ki ustreza vigini dviga.

Za prikaz porazdelitve napetosti v tleh so potrebni novi parametri, in sicer
po principu glavnih napetosti s podro&ja mehanike irdnih teles. Gre za to, da
se zaradi usmerjenega pritiska na doloeno telo njegova oblika spreminja in
nastanejo v njem razlitne napetosti. Pri raziskavah tal se upoStevata dve
glavni napetosti: vertikalna in horizontalna. Vertikalna komponenta ustreza
teZi dolotenega stebra tal; zato jo je lahko razloZiti, ker ima veliko skupnega
z znanim obnaSanjem vode. Drugate pa je s horizontalno komponento. Medtem
ko vertikalna glavna napetost takoj popusti, ¢e se obteZba zmanj$a — &e npr.
odstranimo del plasti — se horizontalna glavna napetost zmanj$a le za majhen
del. Ta komponenta pojema 3ele po razbremenitvi, ki jo doseZemo z razrah-
ljanjem tal.

Sprememba zunanjega pritiska, ki povzrodi spremembo napetosti v tleh, ima
za posledico tudi spremembo volumna. In obratno, za povefanje pritiska
navzven je potrebna sprememba volumna. Obe ekstremni vrednosti takSnih
meritev sta definirani kot aktivni zemeljski pritisk in pasivni zemeljski odpor.
Ta pritiska sta posledica sile, ki deluje ali od zunaj ali pa navzven na doloZeno
ploskovno enoto. Ta sila ustreza v tleh aktivhemu, oziroma pasivnemu nape-
tostnemu stanju. Ti napetosti nara$¢ata z globino, podobno kot vertikalna na-
petost. Vmes med ekstremnima vrednostima te napetosti so razlitne vmesne
vrednosti, ki se navzven izraZajo kot napetost v stanju mirovanja. Aktivni
zemeljski pritisk ustreza maksimalni sili, s katero ulinkujejo tla na enoto
vertikalne ploskve ne da bi pri§lo pri tem do porusitve, vertikalna ploskev
pa se le premakne. Tu gre za minimalne vrednosti, ¢e izhajamo iz napetosti
v stanju mirovanja. Pasivni pritisk pa ustreza sili, s katero se tla upirajo
premaknitvi vertikalne ploskovne enote. Tu gre za maksimalno vrednost;
v primeru, ko se ta vrednost presefe, pride do loma, to je do vedjih premak-
nitev. Aktivni pritisk predstavlja torej najmanjso glavno napetost, pasivni pa
najveéjo glavno napetost v tleh. Za njuno ponazoritev je uporabna metoda
Mohrovih krogov.
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Avtor opisno razpravlja o lomu tal zaradi obremenitve, ki jo povzrota
rastlinje z rastjo korenin, ¢ebul in drugih rasti v tleh ter obravnava vpliv
podzemeljske vode na stabilnost. Vodi posveda avior sploh veliko pozornost,
saj osvetli njen pomen in delovanje z raznih vidikov v §tirih posebnih po-
glavjih. Z vidika hidrostatike podaja fizikalno analizo pojavov vode v tleh,
pritisk vode, oblikovanje vodnih nivojev in potencialov, metode meritev s pie-
zometri in tenzometri. V poglavju o hidrodinamiki podzemeljske vode podaja
sliko z vodo zasitenih in nezasitenih tal za stacionarno in nestacionarno stanje,
analizira problem difuznosti nezasifenih tal in strujanje vode zaradi pritiska
plinov (zraka). V poglavjih o vodi v tleh, ter o rastlinju in eroziji so analizirani
tehni¢ni podatki kapacitet, infiltracije, dreniranja in evaporacije vode za pe-
dolo3ke analize v prirodnem stanju tal in v stanju melioracijskih, drenaZnih
in namakalnih u¢inkov. Fizikalno analizira avtor nadalje ozratenje in termi¢no
stanje tal ter erozijske in filtracijske udinke.

Fizikalne pojave v tleh obravnava avtor po metodologiji pedologije. Druge
fizikalne lastnosti so povzete bolj fragmentarno. Strina trdnost je prikazana
v odvisnosti od oblikovalne sposobnosti, tj. od indeksa plasti¢nosti. Taka odvis-
nost je omejena na dolodeno vrsto tal in ni pravilo. Opisno so po L. Sukljetu
podane fizikalne osnove reolofkih znadilnosti tal — lezenja. Avtor obravnava
tudi nabrekalne in kontrakcijske fenomene kohezivnih tal. Za dolofene fizi-
kalne postopke pri raziskavah zemljin so uvedeni v mehaniki tal standardni
izrazi, npr. indeks konsistence, koeficient vodoprepustnosti, koli¢nik konsistence,
posedki.

Knjiga je namenjena prvenstveno pedologom. Za §tudij strukture tal v po-
gojih popolne in delne saturacije bo koristna tudi geotehnikom, hidrogeologom
in drugim, ki se ukvarjajo poklicno s fizikalnimi pojavi v tleh. Avtor je fizi-
kalne fenomene tal abSirno opisoval, manj pa razloZil s tehniénim prikazom
strukture in matematiéno analizo, zato knjiZica ne daje vtisa klasi¢nega fizi-
kalnega priro¢nika. Tehnik bo pogreSal v njej primere ratunanja fizikalnih
koli¢in za dimenzioniranje objektov. To pa je avtor nadomestil z izérpno na-
vedbo literature. Sicer pa je treba upostevati, da je knjiZica le uvod v fiziko tal.

Franc Vidic

Wallace G. Ernst: Bausteine der Erde. Ferdinand Enke Verlag, Stut-
gart, 1977, 190 strani, 97 slik in 26 tabel, format 12 X 19 c¢m, kartonirano
11,80 DM.

Knjizica je iz8la v seriji »Geowissen kompakt« kot prevod iz angle$éine.
Original je iz8el pod naslovom »Earth Materials« v zalo¥bi Prentice-Hall Inter-
national, Inc. Englewood Cliffs, New Jersey, 1969,

V uvodu je poudarjena vaZnost petrologije kot klju¢éne discipline geolo¥ke
znanosti. Petrologija obravnava mnogovrstnost in izvor kamenin, to je ma-
teriala, iz katerega Zemlja sestoji. Treba je $e natanineje povedati, da kamenine
sestoje iz mineralov. Petrolog mora biti torej doma v mineralogiji. Mineralog
pa potrebuje znanje $e z nadeljnjih podroéij, predvsem kristalne kemije in
tizike trdnih teles. Za delo na podro¢ju geolo3ke znanosti je torej potrebna
Siroka in mnogovrstna podlaga.
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Knjizica se razlikuje od obiéajnih utbenikov mineralogije in petrologije
zlasti po tem, da je napisana na genetskem principu in da kamenine podaja
bolj z vidika strukture kristalov kot pa z vidika morfologije kristalov in na-
drobnih opisov posameznih vrst mineralov, ki zavzemajo najved prostora
v knjigah te vrste.

Mnogovrstnost v svetu mineralov in strukturi kristalov je moZno razumeti
le na podlagi osnovnih zakonitosti, ki veljajo za atome. Model atoma po Bohru
ponazori avtor z izsekano kroglo malo drugate kot smo bili vajeni doslej. Atom
sestoji iz jedra in elektronskih oblakov. Jedro je v sredi¢u krogle, elektronske
oblake pa predstavlja zaporedje koncentri¢nih lupin in podlupin. Primerjava
tega modela z ustrezno tabelo nam pove, zakaj pride do grupacije elektronskih
lupin, ki nosijo elektrone dolofene vrste. Vsaki vrsti elektrona ustreza tisto
doloten nivo energije. V atomskem podro¢ju torej ni poljubno deljivega ener-
gijskega spektra, temveé se posamezni nivoji razlikujejo med seboj po kvantih.

Elektronski oblaki posameznih energijskih nivojev se v resnici precej dru-
gate oblikujejo kot to nakazuje zaporedje krogelnih lupin v enostavnem
Bohrovem modelu atoma. Novejdi model temelji na principu valovne mehanike,
ki i%e prostor, kjer se elektron najverjeineje nahaja. Ti prostori pravzaprav
predstavljajo »elektronske oblakez. Oznatujejo pa se z orbitalami. Na sliki so
skicirane znaéilne oblike orbital, ki ustrezajo elektronom dologene vrste.

Pri nastajanju mineralov ima odlodilno vlogo kemi¢no ravnotezje. Zato so
na kratko strnjene tudi osnove termodinamike in fizikalne kemije. Teziste
petrolodkega Studija pa je v mineralnih paragenezah in njihovih stabilnostih.
Gre torej za preudevanje obmotij pritiska in temperature, v katerih so dolotene
kombinacije mineralov stabilne.

Avtor na enostaven in jasen natin razloZi veljavnost treh osnovnih zakonov
termodinamike za nastanek mineralov in kamenin in razlago ponazori s sistemi
razli¢ne sestave, na primer: Sistem ALQ, . SiO, kristalizira v odvisnosti od tem-
perature in pritiska kot disten, sillimanit in andaluzit. Sistem K.,O.3 AlO;.
.68i0, —2H,0 kristalizira pri nizkih temperaturah kot sljudni mineral
muskovit, pri viijih temperaturah pa nastane parageneza kalijevega glinenca,
korunda in vode.

Zanimivo je prebrati, kaj postavlja Ernst kot glavni problem petrologije.
Sem $teje razliko v kemiéni sestavi vedine globotnin in predornin; prve so
felzi¢ne, druge mafi¢ne. Nadaljnji problem so ogromne mase kamenin, ki se
morajo umikati prodirajodemu batolitu; izpodrivanje prej$njih kamenin je
treba nekako razloZiti. Dolo&ene vrste bazi¢ne lave nastajajo v zgornjem delu
Zemljinega plasta, kjer temperatura doseZfe talifte brezvodnega plaitevega
materiala. Del teh magem se med prodiranjem navzgor znatno spremeni zaradi
diferenciacije. V takih primerih se izlijejo vrode, sorazmerno »suhe« lave, ne
glede na to, ali je pri§lo do frakcioniranja ali ne. Pogostnost mineralov, ki vse-
bujejo vodo, in hidrotermalnih %il, to je razpok, zapolnjenih z minerali, ki so se
izlodili iz vro&ih vodnih raztopin, govori za to, da so felzitne — plutonske
magme vsebovale mnogo vode. Takine magme, bogate s kremenico, niso mogle
nastati neposredno s frakcioniranim taljenjem plastevega materiala. Za razlago
tega so pomembni rezultati visokotlainih poskusov, ki kaZejo, da nastajajo
takine magme pri zmernih temperaturah z delnim taljenjem felzi¢nih delov
Zemljine skorje, bogatih z vodo in s kremenico. Sestava teh — prejénjih ka-

11 — Geologiia 21/IT
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menin Zemljine skorje je odvisna od dvoje vrst procesov: 1. od frakecionirane
kristalizacije primarne magme in 2. posebno od diferenciacije sedimentov, na-
stalih iz prejinjih magmatskih kamenin. To je sedimentacijski proces, pri ka-
terem se doloteno izvorno obmoéje, bolj ali manj enotne sestave, spremeni
v akumulacijo sedimentov razli¢ne sesiave,

Proces taljenja prejinjih kamenin je naslednji: Material Zemljine skorje +
+ H,0 - vodna granitna talina (+ preostanek trdnih sestavin). Voda, raztop-
ljena v talini, zahteva majhen volumen. Pri temperaturah pod talifem pa
postane voda posebna faza in zahteva mnogo veéji volumen. Vrednost dP/dT je
negativna, ker se pri reakciji entropija sicer veda, toda volumen se manj$a.
Na ta natin bi bilo refeno vpra3anje prostora; pri tem procesu bi mogel namreé
batolit nastajati na kraju samem z delnim taljenjem prejinje kamenine. Ra-
zumljivo bi bilo tudi nastopanje plutonitov v suhih conah Zemlje, kajti gorate
cone so obmoéja z zelo debelo kontinentalno skorjo in visokim toplotnim pre-
tokom. Ne pojasni pa ta proces zelo pogoste zveze batolitov z njihovimi ko-
magmatskimi vulkanitnimi krovninami (to je z vulkaniti, ki so nastali iz enake
matitne magme). Sklepati je torej mogote, da je velina bazaltnih magem
nastala globoko v plad¢u. Po visoki temperaturi izlivov in po sorazmerno ma-
fi¢ni sestavi je mogofe poleg tega sklepati, da je bil izhodni material ultra-
mafi¢en in v glavnem brez vode. Na drugi strani pa je vefina plutonskih
magem nastala z delnim taljenjem na bazi kontinentalne Zemljine skorje, ki
vsebuje ve¢ vode. Za to govore njihova felzi¥na sestava in znadilne intruzivne
oblike globoénin.

Na vpra3anje, zakaj je Zemljina skorja znatno bogatejSa z alkalijami in
kremenico kot bazaltne magme, ki veljajo za izvor njenih kamenin, odgovarja
avtor s tremi hipotezami:

(1) Z delnim taljenjem plasdevega materiala na bazi kontinentov ne nastaja
bazaltna magma, temveé andezitna, Na ta nadin bi mogli pojasniti razliko
med petrolotko sestavo pod kontinenti in pod oceani. -

(2) MoZno bi bilo, da sta vi§ji vsebnosti SiO, in alkalij v kontinentalnem
delu skorje posledica sedimentacijske diferenciacije.

(3) Po tretji hipotezi so se felzine magme dvignile v zgornje dele Zemljine
skorje, ker so laZje kot mafidne; mafiéne in ultramafi’ne magme bi morale
biti potem omejene na globlje cone. V tem primeru kamenine na Zemljinem
povriju ne bi predstavljale sestave kontinentov kot celote.

Od sedimentnih kamenin so opisani peffenjak, skrilavec in apnenec. Naj tu
ponovim nekaj nadrobnosti samo o pe$tenjaku. Glavna njegova sestavina so
klasti¢na zrna, velika 1/16 do 2 mm. Zrna tvorijo odprto ogrodje s praznimi ali
zapolnjenimi vmesnimi prostori — porami. Razmerje pornega volumna na-
sproti celotnemu volumnu kamenine je poroznost. Ce ne upoftevamo tufskih
in apnenih primesi, lo¢imo po relativnem delezu glavnih sestavin — kremena,
glinencev in kameninskih drobcev — tri tipe pe$¥enjaka: kremenov peséenjak,
arkozo in drobnik.

Delez kremena v kremenovem peStenjaku je najmanj 80 %, v tipinih raz-
li¢kih pa je znatno visji. Zrna so zelo dobro sortirana, zglajena in se po obliki
priblizujejo krogli. Na mnogih krajih doseZe kremenov peftenjak le majhno
debelino, toda veliko horizontalno raz$irjenost; v tem se izraZa stabilnost ob-
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kontinentalnih polic in Jelfnega morja ter zalivov, kjer se sedimentira kremenov
peSéenjak.

Ce v peStenjaku prevladujejo alkalni glinenci, ga imenujemo arkoza, &e pa
vsebuje v glinasti osnovi v glavnem plagioklaze in kameninske drobce, se
imenuje drobnik (Grauwacke). V obeh vrstah pedfenjaka je najpogostejia se-
stavina kremen, v arkozi ga je 40—80 %, v drobniku znatno pod 80 %b.

Bolj kot z opisom posameznih vrst so tudi metamorfne kamenine podane
z vidika njihovega nastanka. Gre za tri vrste sprememb. Prva je kataklaza; to
je mehani¢na pot nastanka metamorfnih kamenin. Prekristalizacija in medse-
bojno kemitno udinkovanje imata bolj malo pomembno vlogo. Zaradi usmer-
jenega pritiska nastajajo planarne in linearne strukture, vklju?no uravnavanje
zrn, strig in odnaZanje prej$njih kamenin. Primarna zrna kaZejo znake pla-
stiéne deformacije in otefenega okolja za nastanek zrn. H kataklasti®nim ka-
meninam 3tejejo tektonsko breo (= torna breéa), milonit in psevdotahilit. Ce
se prekristalizacija bolj uveljavi, nastaneta iz njih filit in olesni gnajs.

Otesni gnajs je pravzaprav tipi¢na pasovita metamorfna kamenina, moéno
prekristalizirana in skrilava, ki vsebuje velike porfiroblasie v finozrnati osnovi.
Porfiroblasti so ofesom podobna mandljasta zrna ali skupki zrn, nastali z drob-
ljenjem prejénjih idiomorfnih kristalov. Skrilavost je slab3e izraZena kot pri
filitu in striZne ploskve so razporejene ckrog letastih oéi.

V nasprotju s kataklastiénimi kameninami, ki so v glavnem rezultat meha-
ni¢nih procesov, nastajajo kontaktnometamorfne kamenine pri bistveno vigjih
temperaturah brez udinka usmerjenega pritiska. Nastopajo kot avreola vrotih
intruzivnih teles, ki so prodrla v zgornja obmoé&ja Zemljine skorje. Tempera-
turna razlika med intruzivnim telesom in prikamenino je v tak3nem okolju,
tj. pri konstaninem tlaku, zelo velika. V primeri s plutonom, ki je prodrl pri
temperaturi okrog 1000 ¢C, je prikamenina s temperaturo okrog 200 °C soraz-
merno hladna, Med njima nastane izrazit geotermi¢ni gradient. V ve&ji globini
Zemljine skorje je temperaturna razlika bistveno manj$a. Na bazi Zemljine
skorje nastaja pri temperaturi okrog 600 °C felzi®na magma, ki vsebuje vodo.
Normalna prikamenina pa ima v globini temperaturo nad $00°C. V takem
okolju seveda ne nastajajo strmi gradienti; to je okolje regionalne metamorfoze.

KnjiZica je napisana v enostavnem, lahko razumljivem jeziku, kar je 3e
posebej hvale vredno, ker gre za prevod. Vsebuje tako reko? izbrana poglavja
s podro&ja nastanka mineralov in kamenin. Znane stvari so podane na kratko,
vendar dovolj jasno tudi za negeologe, ki jim je petrologija le pomoZna veda.
Nere¥ena vpra$anja so obravnavana brez spekulativnega umovanja, nakazane
so le moZne in verjetne resitve.

Stefan Kolenko



UREDNISKA OBVESTILA
EDITORIAL NOTICES

Sodelavcem GEOLOGIJE

Vsebina in obseg dela

GEOLOGIJA objavlja originalne razprave s podroZja geclokih in sorodnih ved
ter porod¢ila o geolodkih raziskovanjih. kongresih, posvetovanjih in publikacijah, Roko-
pis naj ne bo daljsi od 35 tipkanih strani ali 60 000 znakov. V to itevilo se $tejejo
tudi slike. Osnova za preradunavanje slik v znake je 3500 znakov za celostransko
sliko.

Prosimo vse sodelavce GEOLOGIJE, da skrbno izbirajo vsebino svojih élankov,
posvete ustrezno pozornost kratkemu in jasnemu nadinu izrazanja, uporabi posamez-
nih besednih vrst in strokovnih geolokih izrazov ter izdelavi ilustracij. Na ta naéin
bo reviji zagotovljena primerna znanstvena raven in oblika.

Priprava rokopisa

Prispevki morajo biti pisani s strojem z dvojnim presledkom in s 4 cm Sirokim
levim robom. Pri pregledu svojih rokopisov naj avtorji zlast{ pazijo na pravilno
pisanje znanstvenih in lastnih imen, znakov, &tevilk, formul in podobno. Osebna
imena pri navajanju literature naj bodo podértana értkano, imena fosilov (rod in
vrsta) pa valovito. Tekst naj ne vsebuje neobidajnih okrajSav in nejasnih popravkov.

Tabele naj bodo napisane na pisalni stroj IBM tako, da jih bo moZno kliSirati.

Clanki morajo biti pisani ali v domagih ali v tujih svetovnih jezikih, Clanek v do-
mazem jeziku mora imeti povzetek v tujem svetovnem jeziku v obsegu ene petine
¢lanka, prispevek v tujem jeziku pa naj ima kratek slovenski povzetek. Na zadetku
vsakega ¢lanka mora biti izvletek v obsegu 700 do 1000 tiskovnih znakov v enem od
svetovnih jezikov.

Ce zeli avtor drugaéne pogoje glede obsega in povzetka svojega ¢lanka, je to moZno
v sporazumu z uredni§tvom.

Navajanje literature

liiteraturo navajajte po abecednem redu avtorjev in kronolotko na naslednji nadin:
priimek avtorja, zadetna érka avtorjevega imena, letnica, naslov dela (pri periodi¢nih
izdajah tudi naslov revije in zaporedna 3tevilka zvezka), zaloZba in kraj, kjer je delo
iz8lo. V literaturo vklju?ujte samo uporabljena dela, bibliografijo pa le v izjemnih
primerih glede na vsebino in pomen razprave. V citatih med tekstom navedite zacetno
¢rko imena in priimek avtorja ter letnico, ko je delo izilo, po potrebi tudi stran.

ustracije

Karte, profili, skice, diagrami in druge podobne slike morajo biti narisani na pro-
sojnem matriénem papirju. Za fotografske, mikrografske in rentgenske slike je treba
predloziti visokokontrastne originale na gladkem, svetlem papirju. Izjemoma imajo
avtorji moZnost objaviti tudi barvne slike. Na vsaki sliki mora biti ime avtorja in za-
poredna Stevilka slike. V glavnem naj bo slika pojasnilo teksta, zato mora biti med
tekstom na ustreznem mestu navedena zaporedna 3tevilka slike, Napisi in legende
k slikam naj bodo Kratki, posebno Se, ker morajo biti dvojeziéni.

Pri dosedanjih izdajah nafe revije se je pokazalo, da avtorji pri slikah ne upo&te-
vajo formata knjige, kar povzrota mnogo dodatnega dela pri urejevanju in tisku. Pri
vseh slikah med tekstom upoS$tevajte, da ie zrcalo revije 12,6 X 19,2cm, V primeru,
da je potrebna vedja slika, naj njena Sirina po mozZnosti ne preseze 40 em, vifina pa
naj ne bo ve¢ja kot 18 cm. Risba naj bo veéja kot slika, ki bo po njej izdelana; raz-
merje naj bo 2 :1, Pri tem je treba paziti na debelino ért ter na velikost Stevilk, &rk
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in drugih znakov na risbi, da bosta njihova debelina in velikost tudi pe zmanj3anju
ustrezala; érke in 3tevilke na tiskani sliki morajo biti viscke najmanj 1 mm,

Celoten rokopis, vkljudno risbe, fotografije, izvletek in povzetek v tujem jeziku,
mora pripraviti vsak avior sam.

Rok za predlo¥itev rokopisov

V 22, knjigi GEOLOGIJE, letnik 1979, bodo objavljena dela, ki jih bo uredniitvo
preielo do konca leta 1978 za prvi del knjige in do konca junija 1979 za drugi del
knjige.

Korekture

Uredni$tvo bo posiljalo krtadne odtise stavkov v korekturo avtorjem, Pri korek-
turah popravljajte samo tiskovne napake. Dopolnila so moZna le na strofke avtorjev.
Sodelaveem, ki %ivijo zunaj Ljubljane, bomo krtalne odtise podiljali po dogovoru;
njihove popravke bomo upositevali le v primeru, da korekture vimejo v dogovorjenem
roku,

Posebni odtisi

Avtorji prejmejo brezpladno po 50 izvodov separatov vsakega ¢lanka. Nadaljnje
izvode pa lahko dobe po ceni, ki ustreza dejanskim stro$kom.
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GEOLOGIJA — RAZPRAVE IN POROCILA
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Avtorsko kazalo k 21. knjigi
Author Index to Volume 21
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17. Ramovs, A, see Fliigel, H. W. .
18. Rijavec, L.
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24. Zlebnik, L.
Kras na konglomeratnih terasah ob Zgornji Savi in njenih pri-
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