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Foreword

Financial problems are predominant in the discussions between the
developing and industrialized countries. Although there are good reasons
for this we feel, that next to questions of flow and allocatton of funds,
the problem of transforming them into lasting, internationally convertible
results — scientific or otherwise — is in our opinion of primary impor-
tance too.

During their six years experience in cooperation with Geoscience
scientists from developing countries, the Austrian authorities were con-
fronted with a whole set of closely interwoven problems; referring to the
above mentioned special aspect of aiming at results of lasting value, the
following volume presents some contributions, which in connection with
the Vienna courses have been prepared *).

Following the organisational scheme of our courses the contributions
are grouped into two sections:
group A, covers the fields of Stratigraphy and Micropalaeontology, the

home country of the authors being India, U. A. R., and Traq;
group B, covers the fields of Petrology and Sedimentology, the home

country of the authors being Ghana, U. A. R., Argentine, Brasil and

Tanzania.

We are thankfull vo all the authors for their efforts and to the
respective Austrian Authrities, for making available the funds for printing.

We trust that this selected documentation — inspired likewise by
the intentions of UNESCO — will continue to serve as link between the
Developing Countries and Europe, more specifically between our geological
friends spread all over the world and their one-time basis in Europe,
Vienna.

Vienna, January 1971

H. Kiipper

*) A similar volume was published be the Geological Survey of Austria as Sonder-
band 15 in 1969.
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Eigentlich ist dev Mensch der Schliissel zur Lésung nnseres Problems wund niche das Geld.

Dag Hammarskold

Vorwort

Finanzielle Probleme und finanzielle L8sungen stehen meist im Vor-
dergrund der Diskussionen iiber Entwicklungsfragen; einerseits begreif-
licherweise, andererseits ist es aber doch so, daf} die finanziellen Mittel nur
den Weg zur Losung der Probleme ebnen, diese aber dann in ihrer Viel-
gliedrigkeit meist noch einer Losung harren, von der Umsetzung der Mit-
tel in Ergebnisse von einigem Dauerwert bis zu den sozialen und menschlich-
personlichen Beziehungen,

Im Rahmen eciner mehrjihrigen Befassung mit Post-Graduate-Wissen-
schaftern aus Entwicklungslindern haben sich fiir Usterreich verschiedene
Erfahrungen ergeben, Als Beitrag zu dem speziellen Aspekt der Erarbei-
tung von Ergebnissen von Dauerwert, werden im folgenden wissenschaft-
liche Bearbeitungen von Teilnehmern an den Wiener Kursen vorgelegt.

Es sel der Dank ausgesprochen, den Teilnehmern fir ihre in die
Ergebnisse investierte Arbeit, und den Usterreichischen Stellen, 1. K. F. E.,
fiir die Bewilligung von Mitteln zur Drucklegung.

Wir hoffen, daff diese Dokumentation, auch im Sinne der UNESCO,
zu einer dauerhaften Verbindung von Entwicklungslindern und Industrie-
landern beitragen mége.

Wien, Jdnner 1971

H. Kiipper



Upper Eocene to Early Miocene Planktonic
Foraminifera from the Subsurface Sediments in
Cauvery Basin, South India*)

By D.S5. N.Raju
With 13 plates, 14 figures, 1 table

Palacontology Laboratory, O. N. G. Commission, Baroda-9, India

Abstract

Fifty species and subspecies of planktonic foraminifera, belonging to
the genera Globigerina, Globigerinoides, Globigerinita, Globigerapsis,
Globoquadrina, Globorotalia, Globigerinopsis, Psendobastigerina, Hant-
kenina, Cribrobantkenina, Cassigerinella and Chiloguembelina, are syste-
matically described, for the first time, from the Upper Eocene, QOligocene
and early Miocene subsurface sediments in Cauvery basin, South India. Two
new species, Globigerina sastrii and Globigerinopsis gubai, are described.

Seven planktonic foraminiferal zones are proposed for the Upper
Eocene o early Miocene sequence, The zones, in order from bottom to top,
are: Globigerapsis mexicana zone, Globorotalia cerroazulensis zone,
Globigerina gortanii zone, Globigerina sastrii zone, Globigerina ampliaper-
tura zone, Globigerina angulisuturalis zone and Globoretalia kuglerif
Globigerinoides primordins zone.

The significance of these findings in correlation of the sections in
Cauvery basin with those from other tropical regions is discussed. The
Eocene — Oligocene limit is placed at the wp of the Globorotalia
cerroazulensis zone. The Oligocene — Miocene limit is placed at the lower
boundary of the Globorotalia kugleri/Globigerinoides primordixns zone.

Introduction

The last two decades are marked by a stupendous increase in our
knowledge on planktonic foraminifera and a rapid growth of their impor-
tance in biostratigraphic classification and intercontinental correlations.
Researches of BoLLr (1957) and several others in Caribbean region have
led to an elaborate planktonic foraminiferal zonal classification of the
Cretaceous and Cenozoic marine sediments. These works were followed
by attempts to recognize the Trinidad zones in other parts of the world.
Much of additional knowledge on the mid-Tertiary planktonic foramini-

) Published with the permission of the Director of Geology, Oil & Natural Gas
Commission, Dehradun, India.
The views expressed in the paper are of the author and not necessarily those of the
Q. N. G. Commission.



fera was brought out by Brow & Banner (1962) and Brow (1969) from
sections in East Africa and other tropical regions.

Some preliminary studies carried out during the last six years on
Indian localities have indicated the presence of rich assemblages of
planktonic foraminifera. However, most of the species were not systemati-
cally described and the knowledge on stratigraphic distribution of already
known species is very limited.

GEOLOGICAL MAP OF CAUVERY BASIN
SHOWING
SOME LOCATIONS
(Modified ,after S. Ramanathan, 1968.)
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The present study is an attempt to systematically describe the Upper
Eocene, Oligocene and early Miocene planktonic foraminifera from the
subsurface sections in Cauvery basin, South India; to define a sequence of
biostratigraphic zones and to evaluate their value in correlation with
sectlons outside this region.

Previous work

The Upper Eocene to Lower Miocene planktonic foraminifera are
known in Cauvery basin only from the deep exploration wells drilled by
Oil & Natural Gas Commission since 1964. The occurrence of some
diagnostic species was reported by Raju (1966). Later, RaJu (1967, 1968)
recognized some planktonic foraminiferal zones in the Late Cretaceous to
Oligocene subsurface sediments. However, the planktonic species were not
systematically described so far. The knowledge on the mid-Tertiary plank-
tonic foraminifera from other sedimentary basins in India is very limited.

Present work

The present study is essentially limited to the core samples. Data
from the following intervals of the deep wells from Cauvery basin
constitute the main theme of the present study.

Well No. Depth interval Number of cores
studied
KKL-1 800-—1600 m. 7
KKL-2 1000—1530 m. 6
KKL-4 800—18C0 m. 15
KKL-5 1000—180Q m. 5
KKL-6 1000—1800 m. 4
NGT-1 1600—2000 m. 2
Madanam-1 800—1300 m. 3
TPD-1 450— 950 m. 5

The following abbreviations, KKL for Karaikal, NGT for Nagapastinam,
TPD for Tirupundi, are used in this paper (see fig. 1).

One to six samples are studied from each core depending on the
length recovered. Besides these almost all the cutting samples representing
every three metres interval of the well are also studied. There are con-
siderable gaps between the cores and as such the complete distribution of
many of the species could not be satisfactorily determined during this
study. Some data from well cutting samples are incorporated in preparing
the range chart, only to indicate last occurrences (extinctions) of some
diagnostic species.

Resume of the general stratigraphy of the Cauvery basin

The oldest sediments known, which overlie the Archaean metamorphics
in Cauvery basin, are the so-called “Upper Gondwanas™ exposed as small
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patches along the western fringes of the basin. They are essentially lacustrine
to brackish water deposits of ? Jurassic to Lower Cretaceous age. Overlying
the “Upper Gondwanas” are the well known Cretaceous (Albian to
Maestrichtian) sediments, which are widely distributed in the Cauvery basin
(see Figure 1), These marine Cretaceous sediments were the source of many
palaeontological works during the last 90 years.

The Cretaceous rocks are overlain by marine Paleocene-early Eocene
sediments particularly in the Pondicherry and Trichinopoly areas. The
Paleocene-early Eocene sediments are overlain, on the surface, by continen-
tal deposits known as “Cuddalores” of Neogene age. Large areas in the
eastern part of the basin are covered by Alluvium or laterites.

Marine sediments younger than the Lower Eocene are known only
in the subsurface, deep well sections. Recent Petroleum exploration
activities, geophysical surveys and deep drilling by Oil & Natural gas
Commission, have added considerable knowledge on the subsurface strati-
graphy and structure of this basin. For some of these details reference is
made to RaMANATHAN (1968).
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Zonation

Most of the Upper Eocene to early Miocene planktonic foraminiferal
species, reported from other tropical regions, are now recorded from
Cauvery basin. However, the recognition of the zonal boundaries within
the subsurface sections in Cauvery basin is hamphered to a great extent due
to the absence of continuous core samples. The boundary between the
Globorotalia cerroazulensis zone and Globigerina gortanii zone falls within
cored interval of a well. The microfaunal changes at the other zonal
boundaries could not be precisely defined. Six of the zonal boundaries are
defined here by horizons of extinction of markers, while two are defined by
the first appearance level. The horizons of extinction, used here in definition
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G. semiinvoluta-G. barri zone, G. cerroazulensis zone and C. cubensis-G.
ampliapertura enapertura zone. The present study has resulted in providing
additional data from the G. mexicana zone (= G. semiinvoluta zone) and
G. cerroazulensis zone, subdivision of “C. cubensis-G. ampliapertura
ewapertura zone” into three zones and in recognition of two additional
zones in the Late Oligocene-early Miocene sequence.

Globigerapsis mexicana zone

Author: Bovwr, 1957 (given as Globigerapsis semiinvoluta zone).

Reference section: Core between 1904, 2 and 1906. 5 m, inNGT-1.

This zone is defined as the interval from the last occurrence of Truncoro-
taloides robri BRONNIMANN & BERMUDEZ to the last ocurrence of Globiger-
apsis mexicana (CusaMAN). A very rich assemblage of planktonic fora-
minifera is known from this interval in NGT-1. The assemblage includes
Globigerapsis mexicana, G. of. tropicalis BLow &« BANNER, Globigerinatheka
barri BrowNMany, G. cf. lindiensis Brow & BanneRr, Psewdobastigerina
micra (CoLE), Hantkenina alabamensis CusnMan, H. suprasuturalis
BroONNIMANN, H. trinitatensis BRONNIMANN, H. cf. thalmanni BRONNIMANN,
Hantkenina sp., Globigerina corpulenta SupsoTINA, G. pseudocorpulenta
CHavirov, G. gortanii praeturritilina BLow & BANNER, G, angiporoides
HornierooK, Chiloguembelina martini (P1jpERs), C. cubensis (PALMER) and
Globigerinita spp. A poorly preserved form with doubtful cribrate aperture,
referred here to as Cribrobantkenina cf. inflata (Howe) is also found in
this zone.

A rich assemblage of larger foraminifera including Pellatispira
madaraszi, Nummalites cf. fabianii and Discocyclina spp. are recorded from
core samples, at a depth of 1230 m. in Madanam-1, belonging to this zone.

The extinction level of T.rohri was marked in almost all the wells
drilled in Cauvery basin and found to be a very useful horizon mn well
to well correlation. The extinction level of G. mexicana was marked in only
a few wells so far.

Globorotalia cerroazulensis zone

Author: Borwi, 1957 (given as Globorotalia cocoaensis zone).

Reference section: Cores between 1689 and 1720 m. in KKL-4.

This zone is defined as the incerval between the last occorrence of Globiger-
apsis mexicana and the last occurrence of Globorotalia cerroazulensis
{Cour). Cribrobantkenina inflata (Howg), Hantkenina alabamensis,
Globorotalia cerroazulensis, G. cenrralis CUsHMAN & BERMUDEZ and severzal
other species shown in table I are common in this zone. The exuinction level
of G. cerroazulensis was marked in all the wells drilled near Karaikal,
Nagapattinam and Tirupundi and this korizon is one of the most useful
levels in well to well correlation of the subsurface sequence and in inter-
continental correlation. In Karaikal well-6, the top of G. cerroazulensis
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zone falls within a core and the foraminiferal assemblages above and below
this horizon do not indicate any major paleocenvironmental change.

Chiloguembelina cubensis assemblage

The present author (Raju, 1968) proposed, tentatively, the C. cubensis-G.
ampliapertura enapertura assemblage zone from the interval from the last
occurrence of G. cerroazulensis 1o the last occurrence of Chiloguembelina
cubensis (PALMER). The present study has led to the recognition of three
zones within this interval.

Globigerina gortanii zone

Authors: BLow & BANNER, 1962, emended here.

Reference section: Core between 1800 and 1803 m. in NGT-1.

This zone is defined as the interval from the last occurrence of G. cerroazsn-
lensis to the first appearance of Globigerina sastrii n.sp. The common
species in this zone are Globigerina gortanii gortanii (Borsert), G. gortanii
praeturritiling BLow & BANNER, G. cf. psendoampliapertura BLow s BANNIR,
G. ampliapertura Boirl, G. prasaepis Brow, Globorotalia increbescens
(BANDY), Pseudohastigerina barbadoensis BLow and Cassigerinella chipo-
lensis Custimann and PontoN. Cassigerinella chipolensis and P. barbadoen-
sis occur together even in the very basal part of this zone. No forms
referable to Globigerina sellii BorseTTI are found in this zone,

Globigerina sastrii zone

Author: Proposed here.

Type section: Cores between 1579 and 1586 m. in KKL-4,

This zone is defined by the range of Globigerina sastrii n. sp. The planktonic
foraminifera recorded from the type section of this zone include Globigerina
sastrii n.sp., G.gortanii gortanii, G, sellii BowrseTTl, G.ampliapertura,
G. tripartita tripartita KocH, G. tripartita robri Boiuy, G. prasaepis,
Globorotalia cf. opima opima Borii, G.opima nana Boiu, G. gemma
Jenkins, Cassigevinella chipolensis, Chiloguembelina cubensis and other
forms. Rare forms of Lepidocyclina (Nephrolepidina) cf. isolepidinoides
are also found in this zone in KKL-4 and TPD-1. Globigerina sastrii n. sp.
1 very common in Cauvery basin and has a short range. However, 1t may
be of local value only as this species was not described from sections outside
the Cauvery basin,

Globigerina ampliapertura zone

Author: BoLLi, 1957, emended.
Reference section: Drill cutting samples from section immediately overlying
the G. sastrii zone in KKL-4.
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This zone is tentatively defined as the interval from the last occurrence of
Globigering sastrii n. sp. to the last occurrence of Globigerina ampliaper-
tura. The study of the drill cutting samples indicate that G. ampliapertura
extincts approximately at the same level as that of Chiloguembelina
cubensis in Karaikal wells.

Globigerina angulisuturalis zone

Author: Brow, 1969, emended.

Reference section: Cores between 1450 and 1500 m. in KKL-2.

This zone is defined as the interval from the last occurrence of Globigerina
ampliapertura to the first appearance of Globigerinoides primordins BLow x
Banner. The planktonic foraminifera recorded from this zone include
Globigerina angulisuturalis BorLi, G. ciperoensis Bowwi, G. angustiumbili-
cata Boiry, G.woodi woodi JeNkiNS, Globorotalia siakensis (LEroy), G.
opima nana Bovul, Cassigerinella chipolensis, Globoguadrina cof. larmeni
Akers and very rare forms referable to Globigerina gortanii gortanmii
(BorseTTI). Globoguadrina first appears in this zone. Larger foramimifera
Lepidocyclina (Eulepidina) sp. and L. (Nephrolepidina) are also recorded
within this zone in KKL-2.

Globorotalia kugleri / Globigerinoides primordius zone

Author: Brow, 1969, Zone N 4,

Reference section: Cores between 1126 and 1425 m. in KKL-2.

This zone is defined as the interval from the first appearance of Globi-
gerinoides primordins BLow s BANNER to the last occurrence of Globorotalia
kugleri BoLLl. The planktonic species recorded from the lower part of this
zone include Globigerina angulisuturalis, G. ciperoensis, Globigerinoides
primordius, Globorotalia siakensis, G.opima nana and Globoguadrina
cf. larmeni. In the middle part of this zone, though Globigerinoides
primordius, Globorotalia siakensis and a few other forms are recorded, the
planktonic forms are rare. Again, the planktonic foraminifera are abundant
in the upper part of this zome. The assemblage includes Globorotalia
kugleri BoLLl, G. siakensis, G. obesa BoLLt, Globoquadrina praedehiscens
BLow & BANNER, G. altispira globosa Boru, Globigerinoides cf. altiaper-
turus BoLLr, Globigerinopsis gubai n. sp., Globigerinita dissimilis (CusHMAN),
G. stainforthi (BoLLi, LoEBLICH & Tarpan), Globigerina venezuelana
HebpBERG and rare forms of Globigerina binaiensis KocH:

Globigerinoides trilobus assemblage

Planktonic foraminiferal zones are not successfully recognized so far
in the interval above the G. kugleri/G. primordins zone in the subsurface
sections in Cauvery basin. In the sequence above the G. kugleri/G. primor-
dius zone, the larger foraminifera Miogypsinidae and Lepidocyclina are
common and planktonics are not adequately represented.
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The biostratigraphic unit Globigerinoides trilobus assemblage is pro-
posed here, provisionally, to denote the interval in Cauvery basin from the
top of G. kugleri/G. primordins zone to the level of the first appearance
of Globigerinoides sicanus DE STEFANI (= G. bisphericus Topp). The plank-
tonic foraminifera recorded from this interval include Globigerinoides
trilobus trilobus (Reuss), G. altiaperturus BoLLy, G. subguadratus BRONNI-
MANN, Globoguadrina altispira s. 1., G. debiscens debiscens (CuaPMAN, PArR
& Corrins), Globorotalia obesa, G. siakensis and rare forms of Globorotalia
peripheroronda BLow & BANNER. Globigerina binaiensis KocH and Globo-
guadrina praedebiscens are found in the lower part of this unit,

In KKL-4 Miogypsina (Miogypsinoides) debaarti-M. (Miogypsina)
tani, M. (Miogypsina) globulina and M. ( Miogypsina) antellia are recorded
from the sequence between 940 and 246 m. In Madanam well-1 Miogypsina
(Miogypsinoides) bantamensis-M.(Miogypsina) gunteri, M. (Miogypsina) cf.
mediterranea and M. (Miogypsina) antellia are recorded from the sequence
between 1050 and 250 m, Further study on the planktonics and Mio-
gypsinidae from the interval above the G. kugleri/G. primordins zone is
under progress.

Correlations

The distribution of the Upper Eocene to early Miocene planktonic
foraminifera from the tropical regions, particularly as worked out by
Borir (1957) from Trinidad, by BLow & BANNER {(1962) from Lindi area,
East Africa and by Brow (1969) from several tropical regions, and the
data from the present investigation in Cauvery basin indicates that a
detailed correlation of these sections is possible. Various successful
attempts were made during the last few years to correlate the sections
from cifferent continents with the zonal scheme proposed by BoLri
(1957) and or by Brow & Banner (1962). The planktonic zones have
found a wide spread acceptance and applicability in several regions.
However, there is no agreement as to the usage of the planktonic
zonal scheme. In general different zones were proposed for different
parts of the world, obviously due to the reasons of geographical distri-
bution of the planktonic foraminifera. BaAnnEr & Brow (1965) and
Brow (1969) have proposed a very detailed zonal scheme for the Upper
Focene to Recent tropical regions. On the other hand, a simplified plank-
tonic foraminiferal zonal scheme applicable also to temperate Mediterranean
Neogene was proposed as a result of the coordination of some 22 specialists,
Carr et al. (1968).

The correlation of the zones from Cauvery basin with those proposed
by Borr1 {1969) and Brow (1969) is presented in figure 3. The correlations
are based on the distribution of the planktonic foraminifera within the
regions concerned with the assumption that the levels of the initial appea-
rance and extinction of the species are synchroneus events in these regions.
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In general the successive levels of appearance and extinction of species are
comparable.

However, a few minor discrepancies in the ranges of the presently
recorded species could be noted from the published accounts. But it may
be mentioned that the present observations are very close to those of
BLow (1969).

1. Cassigerinella chipolensis: Borrr (1957) has shown that Cassigeri-
nella chipolensis first appears at the base of G.ampliapertura zone in
Trinidad, Brow & Banner (1962) traced its range from the base of G.
oligocaenica zone in East Africa. Brow (1969) gave the range of C.
chipolensis from the Zone P 18 (= Globigerina tapuriensis zone) to Zone

Zones proposed here BorLr H. M. {1966)

Brow W.H. (1969)
for Cauvery Basin

N.6 Globigerinatella insueta / Catapsydrax

Globi, frinoides trilobus Globigerinita dissimilis staintorthi
Assemblage N.5 Globoquadrina dehiscens Catapsydrax
praedehiscens-G. dehiscens dissimilis
dehiscens
Globorotalia kugleri / N.4 Globigerinoides quadrilobatus
Globigerinoides primordius primordius / Globorotalia Globorotalia
kugleri kugleri
N.3 Globigerina angulisuturalis Globigerina cipero-
Globigerina angulisuturalis | (P. 22) ensis ciperoensis

N.2 Globigerina angulisuturalis
(P. 21) / Globororalia (T) opima

Globorotalia
opima opima

— opima
Globigerina ampliapertura | N,1  Globigerina ampliapertura Globigerina
(P, 20) ampliapertura
P.19 Globigerina sellii / L
Globigerina sastrii Pseudohastigerina barbadoensis| Cassigerinelia
chipolensis /
P.18 Globigerina tapuriensis Hasugerina micra
Globigerina gortanii P.17 Globigerina gortanii gortanii/
Globorotalia (T} centralis
Globorotalia P.16 Cribrohantkenina inflaca Globoratalia
cerroazulensisis cerroazulensis
P. 15 Globigerapsis mexicana Globigerapsis
Globigerapsis mexicana semiinvoluta
P.14 Truncorotaloides rohri / Truncorotaloides
Truncorotaloides rohri Globigerinica howei rohri
COrbulincides beckmanni P.13 Orbulinoides bedkmanni Porticulasphaera
mexicana

Figure 3. Relationship of the zones proposed here for Cauvery basin to those given by
Botirr (1966} and Brow (1969).

Jahrb. Geol. B. A., 1971, Sonderband 17 2
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N 13 and gave the range of Cassigerinella eocaena Corpey from Zone P 16
to Zone P 19. In Cauvery basin Cassigerinella chipolensis is found at the
very basal part of the G. gortanii zone.

2. Globigerinoides primordins: This species appears in Cauvery basin
at the base of G. kugleri/G. primordius zone, at a level before the first
appearance of Globorotalia kugleri and the extinction of Globigerina
angulisuturalis. BLow (1969) has already noted the concurrence of the
ranges of G. primordins and G. angulisuturalis in the lower part of Zone
N 4. However, there are some minor discrepancies in the published accounts
regarding the first appearance of Globigerinoides.

3. Globoguadrina appears in Cauvery basin in the G. angulisuturalis
zone,

4. Many plankrtonic species viz. Globoguadrina altispira globosa,
Globigerinita stainforthi appear in Cauvery basin in the uppermost part
of the G. kugleri/G. primordius zone. In Trinidad these species are known
to appear at the base of C. dissimilis zone (BoLLl, 1957). BLow (1969) has
shown that Globorotalia kugleri overlaps the ranges of G. stainforthi and
G. altispira globosa.

Figure 4.
Brow, 1969 Boril, 1966
N5 C. dissimiltis
M Bowrwr, 1957,
O
N4 G. kugleri
‘M “Comité du Néogéne”,
N3 (= P22) G. ciperoensis O Brow, 1969; Cari et al., 1963,
M
—— , 1966,
o JENEINS

N2{=P2i) G. opima opima
M BERGGREN, 1969.

N1{=P20) G. ampliapertura

M Eawmes et al., 1962,
O

P19 Cassigerinella

chipolensis / ']? Eames et al., 1962,

Eocene Colloquium, Paris, 1968.

P18 Hastigerina micra
O Burow, 1969.
O E
P17 E Boriy, 1957; Banoy, 1964,
G. cerroazulensis M

P14 ——— = Oligocene / Miocene

- O boundary

. QO .

P15 G. semiinvoluta —5 = Eocene / Oligocene

boundary
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Limits of Oligocene

The problem of marking the limits of Qligocene is topic of many
debates and discussions during the last one and half decades. Recent
attempts to relate the European Stages to the tropical planktonic zonal
sequence have led to many controversial conclusions (EaMEs et al, 1962;
DrooGer, 1964; BLow, 1969; BERGGREN, 1969, and others). The inter-
pretations by various authors have led to controversies in marking the
Eocene-Oligocene and Oligocene-Miocene boundaries. Some of the inter-
pretations are summarized in figure 4.

Focene-Oligocene boundary

The top of the Globorotalia cerroazulensis zone was taken to mark
the Eocene-Oligocene boundary by many authors (Borii, 1957, 1966;
Banpy, 1964, and others). The present author (RaJu, 1968) has earlier
supported this view particularly taking account of the subsurface sections
in Cauvery and Cambay basins, India.

The delegates to the Eocene Colloquium, Paris, 1968 (in Press, see
Braes, 1969) unanimously agreed for placing the Eocene-Oligocene limit
between the Nummulites fabianii and N. intermedins zones for the
Nummulites, between the Globigerina gortanii and Hastigevina micral
Cassigerinella chipolensis zone (= Globigerina sellit zone) for the plank-
tonic foraminifera and between the Isthmolithus recurvus and Ellipsolithus
subdistichus zones for the nannoplanktons.

In Cauvery basin, in three of the wells, namely Madanam-1, TPD-1
and Tiruttaraipundi-1, where the larger foraminifera are dominant, the
Eocene-Oligocene boundary is marked at the extinction level of Pellatispira.
This leve] could be interpreted as marking the top of the Priabonian Stage.
However, in the well sections around Karaikal and Nagapattinam the
Upper Eocene larger foraminifera are not present and it is difficult to
mark a herizon in the planktonic scale time equivalent to extinction level
of Pellatispira. In these sections the extinction level of G. cerroazulensis
and Hantkenina could be confidently marked on the basis of either core or
cutting samples.

Brow {1969) considered that the Eocene-Oligocene boundary will be
approximately between the Zone P 17 (= G. gortanii/G. [T.] centralis
zone) and Zone P 18 (= G. tapuriensis zone), BLow (1969) and CLARKE &
Brow (1969) have shown that the characteristic Eocene foraminifera
Pellatispira, Discocyclina, Hantkenina, and Globorotalia cerroazulensis
all range only to the lower part of Zone P 17. It may be noted that the
lower part of Zone P 17 of BLow {1969) is equivalent to the uppermost
part of G. cerroazulensis.

BAUMANN & RoTtH (1969) observed that the Ericsonia subdisticha
(= Ellipsolithus subdistichus) zone is restricted to the lower part of the
Globigerina gortanii gortanii zone and further noted that the Latdorfian
belongs to the E, subdisticha zone, and to the very base of the Cyclococco-

2
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lLithus margaritae zone. These evidences indicate that the Eocene-Oligocene
boundary could be best placed at the top of the G. cerroazulensis zone.

Oligocene-Miocene boundary

This problem was discussed in detail by Eames et al. (1962), DrooGEr
(1964}, JEnkINS (1966), RaJu (1968), BERGGREN (1969), and BLow {1969).
BERGGREN (1969) has drawn, provisionally, the Oligocene-Miocene boun-
dary at the N 1/N 2 zonal boundary. BLow (1969) accepted the recom-
mendations of the “Comité du Néogéne” in placing the Oligocene-Miocene
boundary at the Globigerinoides datmm, which coincides with the base of
Zone N 4,

The Committee on Mediterranean Neogene stratigraphy has defined,
in 1964 and 1967, the lower limit of the Miocene by the first appearance
of Globigerinoides and Miogypsina gunteri {see Parp et al, 1968). In
Cauvery basin this level coincides with the lower boundary of G. kugleri/
G. primordins zone. In Madanam well M. (Miogypsina) gunteri-M. (Mio-
gypsinoides) bantamensis assemblage is found. Thus in Cauvery basin the
Oligocene-Miocene boundary could be marked on the basis of the criteria
set forth by the Committee on Mediterranean Neogene Stratigraphy.

Systematics
General remarks

Planktonic foraminifera are very rich in the Upper Eocene to early
Miocene sediments in parts of Cauvery basin. The preservation of the
specimens is good and the morphological details could be easily observed.
Some specimens from the G. sastrii zone are, however, poorly preserved.

The specific determination was made first with the aid of the des-
cription and illustrations of the types. Most of the specimens were sent to
Prof. H. M. Borut (Ziirich) in 1968 for checking the identifications. Prof.
Botrr has kindly gone through the specimens and opined that the identica-
tions are also In accordance with his views. The present author has
compared the specimens of Cauvery basin with the types deposited by
Brow & BanNer (1962) in the British Museum (Natural History), London.
However, the determination of a few species viz. Globigerina corpulenta
SursoTINg, G. pseudocorpulenta CHALLOV, is only on the basis of
literature.

No attempts are made during the present work to trace the lineages

as the available samples do not represent a complete subsurface sequence.
,  The following five species were illustrated earlier by the present
author (Raju, 1968) and they are not repeated here. Globorotalia centralis
CusHMAN & BERMUDEZ, G. cerroazulensis (CoLe), Chiloguembelina cubensis
(PaLmer), C. martini (Prypers) and Cassigerinella chipolensis (CuseHMAN &
Ponrton),

A few of the species viz. Globigerina officinalis SussoTINA, G. prae-
bulloides group, G. onachitaensis group, Gobigerinita spp. and Globorotalia



21

gemma JENkINs, though determined during the present study, are not
described here.

All the illustrated types are deposited in the Palacontology Laboratory,
Q. N. G. Commission, Baroda, India.

Superfamily GLOBIGERINACE A CARPENTER, PARKER & JONES, 1862
Family GLOBIGERINID AE CARPENTER, 1862
Subfamily Globigerininae CARPENTER, PARKER & JONES, 1962
Genus Globigerina D’ORrBIGNY, 1826

Globigerina ampliapertura BoLL
(Plate I, figs. 1 a—c)
Globigerina ampliapertura BoLul, 1957, p. 108, pl. 22, figs. 5 a—7 b (not figs. 4 2—b).
Globigering ampliapertura BoLii, BLow & Banner, 1962, pp. 83—84, pls. XI A—D,
XVIlc, fig. 12b.
Globigerina ampliapertura ampliapertura BoLLl, Raju, 1968, pl. 4, fig. 7.

Remarks: The forms from Cauvery basin are well comparable with
the type description and illustrations.

Stratigraphic range: BoLL (1957) gave the range of this species from
G. cocoaensis zone to G. opima opima zone in Trinidad. BLow (1969) gave
its range from the base of Zone P 17 to the basal part of Zone P 21{=N 2).
In Cauvery basin this species is known from G. gortanii zone to the G.
ampliapertura zone.

Globigerina angulisuturalis BoLLl
(Plate I, figs. 2, 3a, b)

Globigerina ciperoensis angulisuturalis Borrs, 1957, p. 109, pl. 22, figs. 11 a—c.
Globigerina angalisuturalis BoLLl, BLow & BANNER, 1562, p. 84, pl. IX, figs. Aa—Cec.

Remarks: The forms from Cauvery basin are well comparable with
the type description and illustrations. These forms are compared with the
hypotypes of BLow & BANNER, 1962, from the Lower Ragusa Limestone,
S. E. Sicily, deposited in British Museum (Natural History), London.

Stratigraphic range: Borwr (1957) gave the range of this species from
the base of the G. opima opima zone 1o the top of G. ciperoensis ciperoensis
zone in Trinidad. It has also been reported from the Type Aquitanian of
France {JeNkiNs, 1966), Israel (RE1ss & GVIRTZMANN, 1966), south-east
Australia and Newzealand (Jenkins, 1960, 1965). BLow (1969) gave its
range from the base of Zone P 21 (= N 2) to lower part of Zone N 4.

Globigerina angustiumbilicata BoLLl
(Plate 1, fig. 6)

Globigerina ciperoensis angustinmbilicata BoLLi, 1957, p. 109, pl. 22, figs. 12a—13 ¢, p. 164,
pl. 36, figs. 6 a—b.
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Globigerinag angustinmbilicata BoLLl, BLow & BANNER, 1962, p. 85, pl. IX x—z, figs. 9 (iv),
16 (vi, vii).

Remarks: In some of the forms from Cauvery basin the last chamber
is smaller in size than the penultimate chamber, otherwise well comparable
with the types.

Stratigraphic range: BorLr (1957) gave its range from the G.
ampliapertura zone to G. dissimilis zone in Trinidad. Brow (1969) gave
its range from the upper part of Zone P 16 to Zone N 22. In Cauvery
basin this species is common and known from the G. cerroazulensis zone
to a level above the G. kugleri/G. primordius zone.

Globigerina binaiensis KocH
(Text-figures 5, 6, 7, 8)
Globigering binaiensis Kocr, 1935, nom. nov, for “G. aspera KocH, 1926” (non EHREN-
BERG), type figures in Kocu, 1926, Ecologae Geol. Helv., vol. 19 (1925-—1926),

no. 3, p. 745, figs. 22 a~c, 23 a—c.
Globigerina binaiensis Kocn, BLow, 1969, p. 316, pl. 13, figs. 1, 2.

Remarks: This species is characterized in having three chambers in the
last whorl and a large flattened apertural face of the last chamber. The
specimens from Cauvery basin are very well comparable with the illustra-
tions given by Brow (1969).

Stratigraphic range: Biow (1969) gave the range of G. binaiensis
from the Zone P 22 (=N 3) to Zone N 5, and noted that it appears to
be restricted to the Indo-Pacific Province. In Cauvery basin this species is
abundant in the lower most part of the G. trilobus assemblage. Rare forms
are also recorded from core samples belonging to the upper part of G.
kugleri/G. primordius zone and also from the cutting samples belonging
to the G. angulisuturalis zone,

Globigerina ciperoensis BoLLI
{Plate I, figs. 5a, b)
Globigerina ciperoensis BorL, 1954, Contr. Cushman Found. Foram. Res., vol. 5, pr. 1,
p. 1, text-figs. 3—6.
Globigerina cipercensis ciperoensis BoLry, Bouw, 1957, p. 109, pl. 22, figs. 10 a—h.

Globigerina onachitaensis ciperoensis Borul, BLow x BaNwER, 1962, pp. 90—9%, pl. IX
E—G, fig. 9 (i—in).

Stratigraphic range: BoLLi (1957) recorded this species from the G.
opima opima zone to the top of G. ciperoensis zone in Trinidad. Brow &
BANNER (1962) recorded this species from the G. oligocaenina zone to
G. ciperoensis zone and also mentioned its occurrence in the Aquitanian
of South-west France. BLow (1969) gave the range of G. owachitaensis
ciperoensis forma typica from Zone P 19 to Zone N 4 and forma atypica
is shown to range up to Zone N 5. In Cauvery basin this species is known
from G. angulisuturalis zone to G. kugleri/G. primordius zone. '
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Text-figures 5, 6, 7, 8. Globigerina binaiensis Kocn, from core sample at 874 m. in
Madanam-1.

Globigerina corpulenta SUBBOTINA
(Plate V, figs. 1 a—c)

Globigerina corpulenta SussoTINA, 1953, p. 76, pL 9, figs. 5—7, pl. 10, figs. 1—4.

Stratigraphic range: SuBBoTiNA (1953) has originally described this
species from the Upper Eocene, series F 3 (middle), zone of Globigerinoides
conglobatus and large Globigerinas, from Northern Caucasus, U.S.S. R,
In Cauvery basin this species is very common in the G. mexicana zone and
a few specimens are also recorded from the G. cerroazulensis zone.
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Globigerina galavist BERMUDEZ
(Plate V, figs. 2a—c, 3)
Globigerina galavisi Bermupez, 1961, Contribucion al Estudio de las Globigerinidea de la
Region Caribe-Antillana, 3rd Congress Geol. Venezolano, Boletin de Geologia,

Caracas, Venezuela, p. 1.183, pl, 4, fig. 3.
Globigerina galavisi BERMUDEZ, BLow, 1969, p. 319, pl. 5, figs. 1—3, pl. 16, figs. 4, 5.

Remarks: The specimens from Cauvery basin are well comparable
with the illustrations of holotype and metatype given by BLow (1969).

Stratigraphic range: BLow (1969) gave the range of this species from
the Zone P 13 to P 21 (= N 2). This species is recorded so far from the
G. mexicana zone to G. sastrii zone in Cauvery basin.

Globigerina gortanii gortanii (BORSETTI)
(Plate TY, figs. 1a, b, 2)
Catapsydrax gortanit BorserTi, 1959, pp. 205—207, pl. 1, figs. 1 a—d.
Globigerina turritiling turritiling BLow &« BANNER, 1962, pp. 98—99, pl. XIII, figs. D—G.
Remarks: The forms from Cauvery basin, in general, are well com-
parable with the holotype and paratypes of Globigerina turritilina
turritilina. In several of the specimens from Cauvery basin, the umbilicus
1s either filled with matrix or covered by a compressed aberrant (bulla
like) final chamber. The present specimens are also well comparable with
the type description and illustrations of Catapsydrax gortanii BORSETTIL.
Straugraphic range: Borsertr (1959) has originally described this
species from the Lower Oligocene of Northern Italy. BLow & BANNER
(1962) recorded this species from G. turritilina turrilitina zone to G.
oligocaenica zone in East Africa., BLow (1969) gave its range from the
base of Zone P 18 to the lower part of Zone P 22. In Cauvery basin this
species is common in G. gortanii zone and G. sastrii zone.

Globigerina gortanii praeturritilina BLow & BANNER
(Plaxe II, figs. 44, b, 52, b)
Globigerina turritilina praeturritilina BLow « Banner, 1962, p. 99, pl. XIII, figs. A—C.

Stratigraphic range: BLow & BanNER (1962) gave the range of this
species from G. semiinvoluta zone to the lower part of the G. turritilina
turritilina zone. BLow (1969) gave its range from the Zone P’ 14 to the
middle part of Zone P 17. In Cauvery basin this species is recorded from
the G. mexicana zone w G. gortanii zone.

Globigerina prasaepis BLow
(Text-figures 9, 10, 11)

Globigevina ampliapertura enapertara (JEngINs), Brow & Banmer, 1962, p. 84, pl XI,
figs. E—G. (= holotype of G. prasaepis BLow), not Globigerina enapertura JENKINS,
1960, p. 351, pl. 1, figs. 8 a—c.

Globigerina ampliapertura enapertura (JENKINS), Raju, 1968, pl. 4, fig. 8.

Globigerina prasaepis BLow, 1969, pp. 382—383, pl. 10, fig. 13, pl. 18, figs. 3—7.
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Text-figures 9, 10, 11. Globigerina prasaepis BLow, from G. gortanii zone, core sample at
1800 m. in NGT-1.

Remarks: The present author has compared the specimens from
Cauvery basin with the hypotype of Globigerina ampliapertura enaper-
tura of BLow & BANNER, 1962 (= holotype of G. prasaepis BLow, 1969)
deposited in British Museum (Natural History), London. They are well
comparable, except that the sutures in specimens from Cauvery basin are
slightly more incised than in the type.

Stratigraphic range: BLow (1969) gave the range of this species from
upper part of the Zone P 17 to Zone P 21. In Cauvery basin this species
is commmon in G. gortanit zone and G. sastrii zone.

Globigerina psendocorpulenta CHaLiLov
(Plate I1, figs. 3a, b)
Globigerina psendocorpulents CHaLILOV, 1956 {on the pelagic foraminiferal fauna of the

Paleogene of Azerbaidzhan; in Russian), Akad. Nauk. Azerb. S. 8. R., Inst. Geol,
Baku, Trudy vol. 17, p. 245, pl. 4, figs. 3 a—c (in ELr1s & MEssina, 1940 et seq.).

Remarks: Specimens from Cauvery basin are well comparable with
the illustrations and description of the type. However, the presently
described forms seem to have less spinosity and the aperture often extends
more towards extraumbilical.

Stratigraphic range: CHavriov (1956) has originally described this
species from lower part of the Upper Eocene, from the northeast foothills
of the Maly Caucasus, Azerbaidzhan, S. S. R. In Cauvery basin this species
is comon in G. mexicana zone. A few forms from O. beckmanni zone are
comparable to this species.

Globigerina cf. rubriformis (SUBBOTINA)
{(Plate 11, figs. 6a, b)

Globigerinoides rubriformis SusBoTINA, 1953, (part), p.92, pl. 14, figs. 6—9 (not pl. 13,
figs. 19 a—-b}.
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Remarks: SuBeoTiNa (1953) has placed probably the forms of both
Globigerina and Globigerapsis under this species. Only one form (pl. 13,
figs. 19 a—b) has been shown in her illustrations to contain definite
supplementary apertures. However, the holotype (pl. 14, figs. 6 a—c¢) does
not seem to have any supplementary apertures and she also commented
that supplementary apertures are missing in some forms.

Stratigraphic range: SuesoTINA (1953) has originally described this
species from the Globigerinoides conglobatus zone, Upper Eocene and
from the Bolivina zone, in Northern Caucasus, U.S.S.R. In Cauvery
basin rare forms are recorded from G. gortanii zone,

Globigerina sastrii n. sp.
(Place IV, figs. 1 a—¢, 2 a—c}

Description: Test low trochospiral, the equatorial profile is subcircular,
equatorial periphery is broadly lobate; the axial periphery is broadly
rounded with dorso-peripheral shoulder. The dorsal surface is flat to very
slightly convex, the ventral surface is strongly vaulted. Wall calcareous, -
coarsely hispid, rugosities or short thick spines are found throughout, but
more prominent around the umbilicus. Chambers, earlier ones spherical,
later ones subconical, arranged in 2—3 whorls; the last 2 or 3 chambers
increase very rapidly in size and strongly embrace the earlier ones; in
umbilical view the last two chambers are prominently visible. Sutures on
spiral side curved, less distinct in early stage, radial or oblique later,
slightly depressed; umbilical side radial, depressed. Umbilicus small, narrow
slic like, often covered by the last chamber, elongate, depressed; not
sharply delineated. Aperture is often covered, narrow slit like.

Largest diameter of the holotype is 0.64 mm.

Depository: The types are deposited in the Palaeontology Laboratory,
O. N. G. Commission, Baroda, India.

Type sample: A core sample, WLC-3, at a depth of 1580 m. in
Karaikal well No. 4.

Age and distribution: Presence of Globigerina gortanii gortanii, G.
ampliapertura, G. sellii, Globorotalia increbescens and other forms in the
type sample indicates an Oligocene age. This species is recorded from
TPD-1, NGT-1, Karaikal wells and Madanam well in Cauvery basin.

Remarks: This 1s a distinctive, short ranged species. This species 1is
named after V. V. Sastri, O. N. G. Commission, India in recognition of his
contributions to biostratigraphy in India.

Globigerina sellii (BORSETTI)
Plate 111, figs. 5a, b, 6)

Globoguadrina sellii BorseTT1, 1959, p. 209, pl. 13, figs. 3 a—d. .
Globigerina oligocaenica BLow & BANNER, 1962, p. 88, pl. X, figs. G, L—N.
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Remarks: The specimens from Cauvery basin are compared with the
types of G. oligocaenica. In the presently described forms the overlap, on
the ventral side, of the last chamber is of lesser degree than in the types.
In general, the apertural face of the forms is broader and slightly more
flattened than in the holotype of G. oligocaenica. The specimens from
Cauvery basin are well comparable with the illustrations and type descrip-
tion of G. sellii.

Stratigraphic range: BorseTTi (1959) has originally described this
species from the Oligocene of Northern Italy. Brow & Banner (1962)
gave its range as restricted to G, oligocaenica Zone, Lindi area, East Africa.
Brow (1969) gave its range from Zone P 19 to Zone P22 (=N 3). In
Cauvery basin rare forms are recorded from G. sastriz zone,

Globigerina tripartita tripartita Kocn
(Plase T11, figs. 3 a, b)
Globigerina bullotdes p°OrBroNy var. tripartita KocH, 1926, Eclogae Geol. Helv., vol. 19
(1925—1926), no. 3, p. 746, rext-figs. 21 a—b.

" Globigevina tripartita tripartita Kocs, BLow & Banner, 1962, pp. %6—97, pl. X, figs.
A—F.

Stratigraphic range: KocH (1926) described this species from the lower
beds of the “Globigerinenmergel” of East Borneo. BLow (1969) gave the
range of this species from the Zone P 14 to Zone P 22. In Cauvery basin
typical forms are recorded from G. sastrii zone. Forms comparable to this
species are also recorded from G. mexicana and G. cerroazulensis zones.

Globigerina tripartita robri BoLul
{(Plate 111, figs. 2, 4 a, b)

Globigerina robri BoLr, 1957, p. 109, pl. 23, figs. 1 a—4b.

Remarks: Only forms well comparable to the types are assigned to
this subspecies. Some forms from upper part of the G. kugleri/G. primordius
zone and lower part of G. trilobus assemblage in Cauvery basin are com-
parable to this subspecies except in that they developed a definite umbilical
teeth, on the basis of which they are referred here to Globoguwadrina
praedebiscens BLow s BANNER.

Stratigraphic range: Borul (1957) gave its range from the G.
ampliapertura zone to C. dissimilis zone in Trinidad. In Cauvery basin
a few forms are recorded from the G. sastrii zone.

Globigerina veneznelana HepBrRG
(Plate V, fig. 4, plate VI, figs. 1 a—c)

Globigering venezuelana HeDBERG, 1937, Jour, Paleont., vol. 11, no.§, p.681, pl. 92,
figs. 7 a—b,

Globigerina venezuelana HEDBERG, BoLLl, 1957, p. 110, pl. 23, figs. 6 a—8 b.

Globigerina venezuelana HEDBERG, BLOow & Banner, 1962, text fig. 1F.
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Stratigraphic range: BoLui (1957) recorded this species from the G.
ampliapertura Zone to G. menardii Zone in Trinidad. BLow (1969) gave
its range from Zone P 22 to Zone N 9. In Cauvery basin typical forms
are recorded so far from the G. kugleri/G. primordius zone and lower part
of G. trilobus assemblage.

Globigerina woodi woodi JENKINS
(Plate V, figs. 5a—c}
Globigerina woodi JEnxins, 1960, p. 352, pl. 2, figs. 2 a—c.

Globigering woodi Jenkins, Re1ss s GviTzmany, 1966, pl. 91, figs. 1 a—c.
Globigerinag woodi woodi JENxins, JENKINs, 1966, p. 6, pl. 1, figs. 18 a—c.

Stratigraphic range: Jenkins (1960) gave its range from base of the
G. woodi zone to G. menardii miotumida zone in Australia. This species
has also been recorded from Newzealand (Jenkins, 1965), Israel (REss &
GVIRTZMANN, 1966) and from the type Aquitanian of France (JENKINs,
1966). In Cauvery basin this species is recorded from G.angulisuturalis
zone and G, kugleri/G. primordius zone.

Genus Globigerinoides Cusuman, 1927

Globigerinoides primordins BLow & BANNER
(Plate VI, figs. 1a,b, 23, b)

Globigerinoides guadrilobatus primordins BLow & Banwer, 1962, p.115, pl.IX, figs.
D d—Ff, fig. 14 (iii—viii).

Remarks: The specimens from Cauvery basin are well comparable
to the holotype. The primary aperture of the Cauvery basin forms is more
wider than in the holotype. However, these and other minor differences
fall within the variation limits of paratypes designated by BLow & BANNER
(1962).

Stratigraphic range: BLow & Banner (1962) gave the range of this
species as confined to the G. kugleri zone in Trinidad., Jenkins (1966)
recorded forms comparable to this species from the type Aquitanian of
France, BLow (1969) gave its range from base of the Zone N 4 to lower
part of the Zone N 5. In Cauvery basin it is common throughout the
G. kugleri/G. primordius zone.

Globigerinoides trilobus trilobus (Reuss)
(Plate VII, figs. 42, b)

Globigering triloba Reuss, 1850 Denkschr. k. k. Akad. Wiss., Wien, mathem.-naturwiss. Cl.,

vol. 1, p. 374, pl. 47, figs. 11 a—d (in Eruis & MEssINA, 1940 et seq.).
Globigerinotdes triloba triloba (REUss), BorL, 1957, p. 112, pl. 25, figs. 2a—c.

Stratigraphic range: Borrr (1957) gave the range of this species from
the C, dissimilis zone to G. menardii zone in Trinidad. In Cauvery basin
it appears in uppermost part of the G. kugleri/G. primordius zone and is
common throughout the Lower-Middle Miocene.
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Globigerinoides trilobus altiaperturus Bori1
(Plate VII, figs. 42, b)

Globigerinoides triloba altiapertura Bowri, 1957, p. 113, pl. 25, figs. 7 a—8, texx fig. 21,
no. 3.

Stratigraphic range: BorLui (1957) gave its range from base of the
C. dissimils zone to C. stanforthi zone in Trinidad. This species has also
been recorded from the type Burdigalian of France (JEnkIns, 1966),
Newzealand (Jenkins, 1965), Australia (Wapge, 1964), Israel (Ress «
GVITTZMANN, 1966). In Cauvery basin it is recorded from uppermost part
of the G. kugleri/G. primordius zone and G. trilobus assemblage.

Genus Globigerinita BRONNIMANN, 1951 emended Brow & BANNER, 1962

Globigerinita dissimilis (CuSHMAN & BERMUDEZ)
{Plate VI, figs. 2a, b, 3a, b}
Globigerina dissimilis CusuMan & BERMUDEZ, 1937, p. 25, pl. 3, figs. 4—6.
Catapsydrax dissimilis (Cusuman & BErRMuDEz), BoLL, 1957, p. 36, pl. 7, figs. 6 a—8 c.

Globigerinita dissimilis (CusHMAN & BERMUDEZ), BLow & Banner, 1962, p. 106, pl. 14,
figs. A—D.

Remarks: The illustrated specimen from G. kugleri/G. primordius zone
in Cauvery basin has a slightly more convex spiral side than in the holotype.

Stratigraphic range: BowLr (1957) gave its range from 7. robri zone
to C. stainforthi zone in Trinidad. In Cauvery basin rare forms of this
species are recorded from G. mexicana zone to lower part of G. trilobus
assemblage. Very rare forms comparable to G. dissimilis are also recorded
from sequence as low as Hantkenina aragonensis zone in Cauvery basin.

Globigerinita stainfortht (BoLL1, LOEBLICH & TAPPAN)
(Plate VI, figs. 4 a—c)

Catapsydrax stainforthi Borii, LoesticH & Tarran, 1957, p. 36, pl. 7, figs. 11 a—c.

Remarks: The specimens from Cauvery basin are well comparable
with the type description and illustrations.

Stratigraphic range: BorLr (1957) gave the range of this species from
the C. dissimilis zone to C. stainforthi zone in Trinidad. Brow (1969)
gave its range from the latest part of Zone N 4 to Zone N 7. In Cauvery
basin this species is known from the uppermost part of G. kugleri/G.
primordins zone and in the sequence immediately overlying this zone.

Genus Globigerapsis BoLL1 LOEBLICH & TaApran, 1957

Globigerapsis mexicana (CUSHMAN)
(Plate XI, figs. 1, 2a,b, 32, b, 4,5,6)

Globigetina mexicana Cusuman, 1925, Cushman Lab. Foram. Res,, Contr, vol. 1, p. 6,
pl. 1, fig. 84, b.
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Globigerinoides semiinvoluta KEtjzer, 1945, Univ, Utrecht, Geogr. Geol. Med. Phys-Geol.
Reeks; ser. 2, no. 6, p. 206, pl. 4, figs. 58 a—e.

Globigerapsis semiinvoluta (KE1jzer), Borwr, 1957, p. 165, pl. 36, figs. 19—20.

Globigerapsis semiinvolyta (Kerjzer), Brow « Banner, 1962, p. 125, pl. XV, figs. J—L.

Globigerapsis semiinvoluta (KejzEr), Ratu, 1968, pl. 2, figs. 4, 5.

Globigerapsis mexicana (Cusaman), Brow & Sa1To, 1968, Micropaleontology, vol. 14,
no. 3, pp. 357—360, rexr-figs. 1—4.

Remarks: The specimens from Cauvery basin are in general smalier
in size than the type. The sutures are not distinct and often the initial
chambers are not visible. The sutures in the hypotype of G. semiinvoluta
of BLow & BANNER, 1962, are more prominently visible than in these forms.

Stratigraphic range: Borir (1957) and BLow & BANNER (1962) have
given the range of this species as restricted to the limits of its zone within
the lower part of the Upper Eocene.

Globigerapsis cf. tropicalis BLow & BANNER
(Plate X1, figs. 7 a, b)

Globigerapsis tropicalis BLow & Banner, 1962, pp. 124—125, pl. XV, figs. D—F.

Remarks: The presently illustrated forms from Cauvery basin differ
slightly from the holotype of G. tropicalis in being larger in size, in having
more depressed sutures, more elongate and lower supplementary apertures,
The wall structure is comparable.

Stratigraphic range: BLow (1969) gave the range of this species from
Zone P 10 (= H. aragonensis Zone) to Zone P 16.

Genus Globoguadrina FinLaY, 1947

Globoguadrina altispira globosa BoLL
(Plate VII, figs. 6a, b)

Globoguadrina altispira globosa Bovvy, 1957, pp. 111—112, pl. 24, figs. 9 a—i0c.

Remarks: The specimens from Cauvery basin are often badly preser-
ved and the umbilicus is filled with pyritized matrix. The last one or two
chambers in the last whorl increase rapidly in size than in the forms
described by BoLL1 (1957).

Stratigraphic range: BoLL1 {1957) gave the range of this species from
base of the C. dissimilis zone to G. insueta zone and again from G. fobsi
robusta zone to G.menardii zone in Trinidad. The presently illustrated
forms are from uppermost part of the G. kugleri/G. primordins zone. It is
common in the G. trilobus assemblage. BLow (1969) gave its range from
Zone P 22 (== N 3) to Zone N 20.

Globoquadrina debiscens (CHapmMaN, Parr & COLLINS)
{Plate TX, figs. 3, 4a, b)

Globorotalia debiscens Crarman, PARR & CoLlrins, 1934, Linn. Soc. London, Jour. Zool,,
vol. 38, no. 262, p. 569, pl. 11, figs. 36 a—c {in ELL1s & MEssTNA, 1940 et seq.).
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Globoguadrina debiscens (CHaPMAN, Parr & Coruins), Borul, 1957, p. 111, pl. 24, figs.
Ja—4c. :

Remarks: The subspecies of G. dehiscens are not recognized in the
present study.

Stratigraphic range: BorLr (1957) gave its range from G. stainforthi
zone to G. menardii zone in Trinidad. In Cauvery basin this species 1s
common in the G. trilobus assemblage.

Globoguadrina cf. larmeuni AkErs
(Place 1X, figs. 5 a, b)

Globoguadrina larmeuni Axers, 1955, p. 661, pl. 65, figs. 4 a—c.
Globoguadrina larmeni Axers, JENkiNs, 1960, p. 355, pl. 3, figs. 1 a—2c.

Remarks: The specimens from Cauvery basin differ slightly from the
type illustrations and description in being more convex dorsally and larger
in size.

Stratigraphic range: JENKINs (1960) recorded this species from the
Pre-Globoguadrina dehiscens debiscens zone to the O.wuniversa zone in
Australia. In Cauvery basin this species is recorded so far from the G.
angulisuturalis zone and G, kugleri/G. primordius zone.

Globoquadrina praedebiscens BLOW & BANNER
(Plate VIII, figs. 4 a—c; Plate IX, fig. 12)

Globoquadrina debiscens praedebiscens BLow & BANNER, 1962, pp. 116—117, pl. XV, figs.
Q—s.

Globoguadrina praedebiscens BLow & BANNER, SaITo, 1963, p. 193, pl. 55, figs. 7 a—b.

Globoguadrina debiscens praedebiscens BLow & BANNER, REmss & GVIRTZMANN, 1966, pl. 96,
figs. 3—7.

Remarks: The specimens from Cauvery basin are compared with the
holotype. In most of the present specimens the last chamber is relatively
smaller, the umbilical teeth is slightly the and wider than in the holotype.

Stratigraphic range: Brow & BanNErR (1962) gave its range from
middle part of the G. ciperoensis zone to the lower part of G. stainforthi
zone in Trinidad. They have also reported its occurrence from Venezuela,
East Africa, and Newzealand. In Cauvery basin typical forms are recorded
from G. kugleri/G. primordius zone and lower part of the G. trilobus
assemblage.

Genus Globorotalia CusHMman, 1927
Globorotalia centralis CusaManN & BERMUDEZ

Globorotalia centralis CusaMaN & BERMUDEZ, 1937, p. 26, pl. 2, figs. 62—65.

Globorotalia centralis CosaMan & BERMUDEZ, BoLL, 1957, p. 162, pl. 39, figs. 1—4.

Globorotalia (Turborotalia} centralis CusHMAN & BERMUDEZ, BLOW & BanNER, 1962, p. 117,
pl. X11, figs. K—M, Fig. 12 ¢, d.

Turborotalia centralis CusuMaN & BErmubez, Raju, 1968, pl. 4, figs. 3 a—c.
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Remarks: This species was earlier illustrated by the present author
(RaJu, 1968) and given as Turborotalia centralis.

Stratigraphic range: BorL1 (1957) gave its range from the Globige-
rapsis kugleri zone to G. cocoaensis zone in Trinidad. BLow (1969} noted
that it ranges from Zone P 11 to Zone P 17, In Cauvery basin it has been
recorded from the H. aragonensis zone to wop of the G. cerroazulensis zone.

Globorotalia cerroazulensis (CoLE)

Globigerina cerroazulensis Corg, 1928, Bull. Amer. Pal, vol. 14, no. 53, p. 217, pl. 32,
figs. 11—13. '

Globorotalia cocoaensis Cusaman, 1928, Centr. Cushman Lab. Foram. Res., vol. 4, pt. 3,
p- 75, pl. 10, figs. 3 a—c.

Globorotalia cocoaensis Cusiman, Boiry, 1957, p. 169, pl. 39, figs. 5a—7 b,

Globorotalia (Turborotalia) cerroazulensis (Coir), BLow & BannEr, 1962, p. 118, pl. XII,
figs. D—F, Fig. 124, e.

Turborotalia cerroazulensis (Covrg), RaJu, 1968, pl. 3, figs. 7a—c.

Remarks: This species was earlier illustrated by the present author
(Raju, 1968) and given as Turborotalia cerroazulensis.

Stratigraphic range: BoLir (1957) gave its range from the base of
the G. semiinvoluta zone to top of the G.cocoaensis zone in Trinidad.
Brow (1969) gave its range from upper part of Zone P 14 (T.robri/G.
howeii zone) to the lower part of Zone P 17, In Cauvery basin it 1s known
from the G. mexicana zone to top of the G. cerroazulensis zone, Some rare
forms from Q. beckmanni zone appear to be comparable to this species.

Globorotalia increbescens (BANDY)
(Plate IX, figs. 7 a~—c)

Globigerina increbescens BANDY, 1949, p. 120, pl. 23, figs. 3 a—c.
Globorotalia (Turborotalia) increbescens {(Banpy), BLow & Banwner, 1962, pp. 118—119,
pl. XIIL, figs. T—V, pl. XVII, figs. D, K, Fig. 9 (13—15).

Remarks: The specimens from Cauvery basin are compared with a
metatype, from Upper Jackson, Little Stave Creek, Clarks county,
Alabama, deposited in British Museum {(Natural History), London. The
illustrated specimen from Cauvery basin is slightly bigger in size and has
slightly higher aperture, otherwise well comparable with the metatype.

Stratigraphic range: This species has been originally described by
Banpy (1949) from Jacksonian Stage, Alabama, U. S. A. BLow (1969) gave
the range of this species from Zone P 15 to Zone P 19. In Cauvery basin
typical forms are recorded from G. gortanii zone and G. sastrii zone.

Globorotalia kugleri BoLLi
{Plate X, figs. L a, b, 22, b}

Globorotalia kugleri BoLL, 1957, p. 118, pl. 28, figs. 5 a—6.
Globoretalia (Turborotalia} kugleri Boryi, BLow, 1969, p. 350, pl. 38, figs. 1—4.
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Remarks: The specimens from Cauvery basin are well comparable
with the type description and illustrations given by Borrr (1957) and the
illustrations of topotypes given by BLow (1969).

Stratigraphic range: BoLLi {1957) gave the range of this species as
restricted to the G. kugleri zone in Trinidad, BLow (1969) gave its range
from Zone P22 (=N 3) 1o the top of Zone N 4, In Cauvery basin it s
recorded so far only from upper part of the G. kugleri/G. primordius zone.

Globorotalia obesa BoLLl
(Plate X, figs. 6 a—c)

Globorotalia obesa Bovwt, 1957, p. 119, pl. 29, figs. 2 a—c.
Globigerina obesa BorLr, VERVLOET, 1966, p. 53, pl. I, figs. 9 a—c, pl. V, figs. 2 a—c.

Stratigraphic range: BoLLr (1957) gave its range from C. dissimilis
zone to G.menardii zone in Trimdad. In Cauvery basin this species 1s
common in the upper part of G. kugleri/G. primordius zone and G. trilobus
assemblage.

Globorotalia opima rnana BoLL
{Plate X, figs. 32, b)
Globoratalia opima nana BoLwy, 1957, p. 118, pl. 28, figs. 3a—ec.

Globorotalia (Turborotalia) opima nana Boiii, Brow & Banner, 1962, pp. 119—120,
pl. XIII, figs. Q—S.

Remarks: The specimen illustrated here is slightly larger in size than
the holotype. Most of the unillustrated forms are better comparable with
the type.

Stratigraphic range: BLow (1969) gave the range of this species from
Zone P 15 to Zone P 22 (= N 3). In Cauvery basin it is recorded from
G. mexicana zone to the lower part of G. kugleri/G. primordius zone.

Globorotalia peripheroronda BLow & BANNER
(Plate IX, figs. 6 a—<¢)
Globorotalia fobsi barisanensis LEroy, BoLLi, 1957, p. 119, pl. 28, figs. 8 a—c.

Globorotalia (Turborotalia} peripberoronda BLow & BaANNER, 1966, Micropaleontology,
vol. 12, no. 3, p. 294, pl. 1, figs. 1--3.

Stratigraphic range: BorLr (1957) gave its range from the C. dissimilis
Zone to G. fobst fobsi Zone in Trinidad. This species has been also reported
from several parts of the world including Japan (Sarto, 1963), Newzealand
(JeNkINs, 1965), Australia (JENKINS, 1960) and Israel (REIss & GVIRTZMANN,
1966). In Cauvery basin a few forms are recorded from G. trilobus
assemblage.

Globorotalia siakensis (LEROY)
(Plate X, figs. 4, 5a—c)

Globigerina siakensis Leroy, 1939, Natuurk, Tijdschr. Nederl-Indie, vol. 99, no.S6,
pp- 39—40, pl. 3, figs. 30—31.

Jahrh, Geal. B. A., 1971, Sonderband 17 3
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Globorotalia mayeri Cusaman & Firsow, Borir, 1957, p. 118, pl. 28, figs. 4a—c (not
Globorotalia mayeri CusuMan & ELLISOR, 1939).

Globorotalia siakensis (LErOY), JENKINS, 1960, p. 366, pl. 5, figs. 7 a—ec.

Globorotalia (Turborotalia) siakensis Leroy, Brow (1969), p.356, pl.10, figs.7—9,
holotype refigured, pl. 34, figs. 4, 5.

Remarks: This species is very common throughout its range in Cauvery
basin.

Stratigraphic range: BoLLl (1957) gave its range from the G.opima
opima zone to G. mayeri zone in Trinidad. BLow {1969) gave its range
from Zone P 22 to N 14. In Cauvery basin this species is known from
G. angulisuturalis zone to Middle-Upper Miocene.

Genus Globorotaloides BoLri, 1957

Globorotaloides suteri BoLLl
(Plate VI, figs. 5a, b}

Globorotaloides suteri Bolrt, 1957, p. 116, 166, pl. 27, figs. 9—13b, pl. 37, figs. 10a—12,
Globorotaloides sutevi BolLi, BLow & BANNER, 1962, pp. 122—123, pl. X11, figs. N—P,
Fig. 11 (V, IX).

Remarks: The specimens from Cauvery basin are well comparable
with the type illustrations and description. These specimens differ slightly
from the hypotypes of BLow & BANNER (1962) in having a low lying bulla
and the rate of increase in chamber size is slower.

Stratigraphic range: BLow & BANNER (1962) recorded this spectes from
the upper Lutetian to about the middle part of the Aquitanian in East
Africa and Trinidad. BLow (1969) gave its range from Zone P 13 to within
Zone N 8. In Cauvery basin this species is recorded from G. mexicana zone
to the G. kugleri/G. primordius zone.

Genus Globigerinopsis Bori, 1962

Globigerinopsis gubai n. sp.
{Plate VIII, figs. 1 a—c¢, 2a—c, 3 a—c}

Description: Test low trochospiral, equatorial profile of the test sub-
quadrate, equatorial periphery strongly lobate, axial periphery rounded.
Wall calcareous, porous, finely pitted, well preserved specimens with fine
small spines. Chambers inflated, spherical except the last one or two; last
two in spiral view ovate, slightly elongate; the last chamber varies in size,
in general equal or larger than the penultimate. Some 16 chambers arranged
in 3—4 whotls; the 4—44, rarely 5 chambers in last whorl increase rapidly
in size. Sutures on spiral side radial to slightly oblique, strongly depressed;
on umbilical side radial, strongly depressed. Umbilicus wide, deep, filled
often with pyritized matrix. Primary aperture a high arch, interiomarginal
umbilical to slightly spiroumbilical, without lip or rim. One secondary
aperture, 2 medium arch with small rim. Largest diameter of the holotype
is 0.624 mm.
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Depository: The holotype and paratypes are deposited in the Palae-
ontology Laboratory, O. N. G. Commission, Baroda, India.

Type sample: Holotype and illustrated paratypes are from a core
sample (CC I, 1126.3—1128.8 m., 15—26 cm.) from Karaikal well no. 2,
Cauvery basin. Rare specimens are also recorded from cutting sample at
a depth of 1000 m. in KKL-1.

Age of the type sample: Uppermost part of Globorotalia kugleri/
Globigerinoides primordius zone, Lower Miocene {Aquitanian age).

Remarks: This species has been placed under the genus Globigerinopsis
BolL1, 1962, However, the present species has a supplementary aperture,
whereas the type of Globigerinopsis do not have and also the primary
aperture is more spiroumbilical in the types. ScHMID (1967) described a
n. sp., Globigerinopsis grilli Scramp, which has a supplementary aperture,
but its wall surface is coarselly pitted and cancellate.

This species is named after Mr. D. K. GuHa, O. N. G. Commission,
India, in recognition of his contributions to microfauna and biostrati-
graphy in India.

Genus Psendobastigerina BANNER & BaLOw, 1959

Pseudobastigerina barbadoensis BLow, 1969
(Text-figures 12, 13, 14}

Psendobastigerina barbadoensis BLow, 1969, pp. 409—410, pl. 53, figs. 7—9, pl. 54, figs.
1—3.

Remarks: The specimens from Cauvery basin are very well comparable
with the illustrations and description of the types.

Stratigraphic range: BLow (1969) gave the range of this species from
Zone P 16 to the top of Zone P 19, In Cauvery basin this species is ver)r
common in G. gortanii zone, and very rare in the G. cerroaznlensis zone.

0]
L

_‘O‘me.

Text-figures 12, 13, 14. Psendobastigerina barbadoensis Brow, from G. gortanii zone, core
sample at 1800 m. in NGT-1.

3
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Pseudobastigerina micra (COLE)
{Plate XIII, figs. 9a, b)

Nonion micrus Coig, 1927, Bull. Amer. Paleont., vol. 14, ne. 51, p. 22, pl. 5, fig. 12.

Hastigerina micra (Corx), Boriy, 1957, p. 161, pl. 35, figs. 1a—2h.

Psendobastigerina micra (CoLg), BANNER & BLow, 1959, pp.19—20, pl. 3, figs. 6a—b,
text-figs. 4 g—i.

Pseudobastigerina micra (CoLg), BLow, 1969, ph. 53, figs. 1, 4, 5, 6.

Stratigraphm range: BoiL1 (1957) gave the range of this species from
the H. aragonensis zone to G. cocoaensis zone in Trinidad. Brow (1969)
gave its range from Zone P 10 to within Zone P 19. In Cauvery basin
basin typical forms are recorded from H. aragonensis to top of the G.
cerroazulensis zone. Only rare forms from G. gortanii zone are comparable
to this species.

Genus Hantkenina CustMan, 1925

Hantkenina alabamensis CusHManN
{Plate X1, figs. 8, 9 a, b; Plate XTI, fig. 2)

Hantkening alabamensis Cusaman, 1925, Proc. U. S, Nac. Mus., vol. 66, no. 2567, art. 30,
pp. 3—4, pl. 1, figs. 1—6, pl. 2, fig. 5, texr-fig. 1.

Hantkenina alabamensis Cusuman, BANDY, 1949, p. 76, pl. 11, figs. 9 a—b.

Hantkenina (Hantkenina) alabamensis CusuMman, BrOnNmmMann, 1950, p. 414, pl 56,
figs. 10, 14—16.

Hantkenina alabamensis Cusaman, Boiri, LoesLicH & Tarpan, 1957, pp. 26—28, pl. 2,
fig. 8.

Hamke%zim alabamensis CusHman, Nacarpa, 1959, pl. 11, figs. 14 a—bh.

Hantkenina alabamensis Cusiman, Brow & Bamwner, 1962, pp. 126—127, pl. XVI,
figs. C—D, I, K

Hantkenina alabamensis Cusuman, Raju, 1968, pl. 1, fig. 11.

Remarks: The specimens from Cauvery basin show considerable varia-
tion in shape of the chambers and sutures. A few forms have hispid wall
surface, particularly in the early dhambers of the last whorl. A solitary
form with twin spines (see Plate XI, figs. 9 a, b} is also found.

Stratigraphic range: BLow (1969) gave the range of this species from
within Zone P 13 (= O. beckmanni zone) to the top of Zone P 16. In
Cauvery basin typical forms of this species are recorded so far from the
G. mexicana zone and G. cerroazulensis zone.

Hantkerina suprasuturalis BRONNIMANN
{Plate XII, figs. 9 a, b, 10; Plate XIII, fig. 1)

Hantkenina (Hantkenina) suprasuturalis BrOnnMann, 1950, p. 416, pl. 56, figs. 12, 13,
text-fig, 2,

Remarks: The specimens from Cauvery basin are well comparable
with the illustrations and description of the type. Several small sized
specimens appear to grade morphologically to Hantkenina alabamensis.

Stratigraphic range: BRONNIMANN (1950) has originally reported this
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species from the Upper Focene of Trinidad and Barbados. In Cauvery
basin typical forms of this species are common in the G.mexicana zone
and rare in G. cerroazulensis zone,

Hantkenina cf. thalmanni BRONNIMANN
{Plate XII, figs. 1a—Db)

Hantkenina thalmanni BrOwniManw, 1950, pp. 415—416, pl. 55, figs. 19—21, pl. 56,
figs. 3, 11.

Remarks: Only three specimens which are comparable with the
itlustrations and description of the types are found from the G. mexicana
zone in Cauvery basin. It is not clear from the available material whether
they are juvenile forms of H. suprasuturalis.

Hantkenina trinitatensis BRONNIMANN
{Plate XII, figs. 3, 4, 5)

Hantkenina ( Applinella} trinitatensis BRONNIMANN, 1950, pp. 410—411, pl. 56, fig. 17.

Remarks: Only a few specimens which are well comparable with the
illustrations and description of the types are found from the G. mexicana
zone in Cauvery basin.

Genus Cribrobantkenina THALMANN, 1942

Cribrobantkenina inflata (HOWE)
(Platte XIII, figs. 2—8)

Hantkenina inflata Howe, 1928, Jour. Paleont., vol. 2, no. 1, p. 14, fig. 2.

Hantkenina mccordi Howe & WALLACE, 1932, Louisiana Dept. Conserv., Geol. Bull., no. 2,
p. 35—56, tab. 10, figs. 1a, b.

Hantkenina danvillensis Howe & WaLLAcE, 1934, Jour. Paleont., vol. 8, pp. 35—37, pl. 5,
figs. 14—17.

Hamkeiina (Cribrobantkenina) bermudezi THalManN, 1942, Amer. Jour. Sci., vol. 240,
no. 11, pp. 812, 815, pl. 1, figs. 5—6.

Cribrobantkenina mccordi Howe &« WarLace, Banny, 1949, p. 76, pl. 11, figs. 10 a—b.

Hantkeninag (Cribrobantkenina) bermudezi TuaLMann, BrRONNIMANN, 1950, p. 417, pl. 56,
figs. 6—9.

Cribrohgamkenina bermudezi TuaLMany, Botrlr, LoesuicH & Tapran, 1957, pp. 28—29,
pl. 2, figs. $a—I11b.

Hantkenina (Cribrobantkenina) bermudezi TuaLMann, Nacarea, 1959, pl. 11, figs. 15 a—b.

Cribrobantkenina danvillensis Howe » WalLacg, BLow & Banner, 1962, p. 128, pl. XVI,
figs. G—H, Fig. 19 (i—vii).

Cribrobantkenina inflata (Howe), SpravL, 1963, Jour. Pleont., vol. 37, no. 2, p. 367, pl. 14,
figs. 1a—4 b.

Cribrobantkenina inflata (Howg), Raju, 1968, pl. 1, fig. 7.

Remarks: BLow & Banner (1962) discussed in detail the apertural
characters of Cribobantkenina. SpRaUL (1963, cited above) has reillustrated
the type of Hantkenina inflata Howe, 1928 and shown that it is a true
Cribrobantkenina, thus clarified the taxonomic status of several of the
species.
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In Cauvery basin both juvenile and adult specimens of this species
are recorded from G. cerroazulensis zone, A study of these forms indicate
that C.inflata has maintained the club shaped final chambers almost
throughout its ontogeny. Similar data was earlier presented by DIENE &
ProTo Decima (1964).

Stratigraphic range: This species is known to be an important world-
wide index fossil of Upper Focene. BLow & BANNER (1962} recorded this
species from about middle part of G.semiinvoluta zone to the top of
C. danvillensis zone in Lindi area, East Africa. This species is common
throughout the G. cerroazulensis zone in Cauvery basin. Very rare and
poorly preserved specimens with doubtful cribrate aperture are found in
G. mexicana zone.

Genus CASSIGERINELLA Pokorny, 1955

Cassigerinella chipolensis (CusHMAN & PONTON)

Cassiduling chipolensis Custman & Ponton, 1932, Florida Geol. Survey, Bull, no. 9, p. 98,
pl. 15, figs. 2a—c.

Cassigerinella boudecensis Pororny, 1955, Vestnik, Ustred. Geol., 30, pp. 136—140, rext-
figs. 1—3.

Cassigerinella globoloculs Ivanova, 1958, in Bykova, Mikrofauna S§.5.5.R., sb. 9,
vip. 115; Trudi, Vses, Neft. Naudhno-Issled. Geol. Inst. (VNIGRI), p.57, pl. 11,
figs. 1—13.

Cassigerinella chipolensis (Custan & Ponton), BLow & Bawner, 1962, pp. 81—82,
pl. XV, figs. M, N.

Cassigerinella chipolensis (Cusuman & Ponron), Raju, 1968, pl. 1, figs. 9 ,10.

Remarks: This species from Cauvery basin was illustrated earlier by
the present author (Raju, 1968). In general the size of the forms increase,
slightly, from G. gortanii zone to G. sastrii zone.

Stratigraphic range: Borir (1957) gave the range of this species from
the G.ampliapertura zone to G. fohsi robusta zone in Trinidad. BrLow
(1969) gave its range from Zone P 18 to Zone N 13, In India this species is
known from Kutch, Cambay basin, Assam, Cauvery basin, Quilon area and
Andaman Islands. In Cauvery basin this species first appears 1n the basal
part of the G. gortanii zone and is very common in the sequence from the
G. sastrii zone to Middle Miocene. A few forms are found in the section
above the extinction level of Miogypsina antellia.

Genus Chilogrembelina LoEBLICH & Tarpan, 1956

Chiloguembelina cubensis (PALMER)

Guembelina cubensis PALMER, 1934, Mem. Soc. Cubana Hise. Nat., vol. 8, p. 74, text-
figs. 1—6.

Chileguembelina cubensis (Patmer), BEckmann, 1957, p. 89, pl.21, fig. 21, texr-fig. 14,
nos. 5—§.

Chiloguembelina cubensis (Pamer), Raju, 1968, pl. 1, figs. 4a—b.
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Remarks: This species from Cauvery basin was illustrated earlier by
the present author (Raju, 1968). This small and distinct species is abundant
in the fine fractions of the samples, within its range, in Cauvery basin.
This species is also commoen in shallow marine facies of Qligocene age in
Cambay basin, western India and found together with Nummulites fichteli-
intermedius.

Stratigraphic range: BECKMANN (1957) gave the range of this species
from Porticulasphaera mexicana zone to G. opima opima zone in Trinidad.
The species has also been reported from various parts of the world in
sections of Upper Focene to Oligocene. BLow (1969) gave the range of
Chiloguembelina ex group cubensis from Zone P 13 to very close to the
Zone N 4/Zone N 3 (= P 22) boundary. In Cauvery basin this species is
common from the G. mexicana zone to G. ampliapertura zone.

Chiloguembelina martini (P1ypERS)

Textularia martini Pireers, 1933, Univ. Utrecht Geogr. Geol. Med. Phys.-Geol. Reeks,
no. 8, p. 57, figs. 6--10.

Chiloguembelina martini (P1yPERS), BECKMANN, 1957, p. 89, pl. 21, fig. 14, text-fig. 14,
nos. #—11, 14—18, 20—23,

Chiloguembeling martini (P1jpERs), Raju, 1968, pl. 1, g, 12,

Remarks: This species from Cauvery basin was earlier illusirated by
the present author (Raju, 1968).

Stratigraphic range: BEckmann (1957) gave the range of this species
from the Globorotalia aragonensis zone o the top of G.cocoaensis zone
(= G. cerroazulensis zone) in Trinidad. In Cauvery basin this species is
recorded from the Globorotalia spinuloinflata subzone (Lower Eocene) to
the top of G. cerroazsulensis zone.,
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(All figures: a = ventral view, b = dorsal view, ¢ = side view)

PLATE I

Figures 1a—c, Globigerina ampliapertura BoLii, from G. gortanii zone, core sample at
1800 m. in NGT-1.

Figures 2, 3a, b, 4. Globigerina angulisuturalis Bouu, from G. kngleri/G.primordius zone,
core sample at 1421.5 m. in KKL-2.

Figures 53, b. Globigerina ciperoensis BorLl, from G. kugleri/G. primordius zone, core
sample at 1421.5 m. in KKL-2,

Figure 6. Globigerina angustinmbilicata BoLul, from G. kugleri/G. primordins zone, core
sample ar 1126.5 m, in KKL-2.

Figures 7 a, b, Globigerina cf. psendoampliapertura BLow & BANNER, from G. gortanii zone,
core sample at 1800 m. in NGT-1.

Figure 8. Globigerinag angiporoides Hoxrniroox, from G. gortanii zone, core sample at
1800 m. in NGT-1.
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PLATE 1

Figures 1 a, b, 2. Globigerina gortanii gortanii (BorseTm), from G. sastrif zone, core sample
at 1579 m. in KKL-4.

Figures 3a, b. Globigerina psendocorpulenta CuaLiov, from G.mexicana zone, core
sample at 1904.2 m. in NGT-1.

Figures 4 a, b, 5a, b. Globigerina gortanii praeturritilina BLow & BanNER, from G. mexi-
cana zone, core sample at 1904.2 m. in NGT-1.

Figures 6 a, b. Glebigerina ct. yubriformis (SUBBOTINAY, from G. gortanii zone, core sample
at 1800 m. in NGT-1.
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PLATE II
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PLATE 1II

Figures 1 a, b. Globigerina sp., from G. mexicana zone, core sample at 1904.2 m, in NGT-1.

Figures 3a, b, Globigerina tripartita tripartita KocH, from G. sastrii zone, core sample at
1579 m. in KKL-4.

Figures 2, 4a, b. Globigerina tripartita robri BoiLs, from G. sastrii zone, core sample at
1582 m. in KKL-4.

Figures 5ab, 6. Globigerina sellii BorsgTTl, 54, b from G. sastrii zone, core sample at
1582 m. in KKL-4; 6 from cutting sample at 1515 m. in KKL-2.
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PLATE IIX




48

PLATE 1V

Figures 1 a—c¢. Globigerina sastrii n. sp., holotype from core sample at 1579 m. in KKL-4,
from G. sastyii zone.
Figures 2 a—c. Globigerina sastrii n. sp., paratype from core sample at 932 m. in TPD-1.
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PLATE IV
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Jahtb. Geol. B. A., 1971, Sonderband 17 4
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PLATE V

Figures 1 a—c. Globigevina corprlenta SupsoTmia, from G. mexicana zone, core sample at
1904.2 m, in NGT-1.

Figures 2 a—c, 3. Globigerina galavisi Bermupez, from G. mexicana zone, core sample at
1904.2 m. in NGT-1.

Figure 4. Globigerina wenezuelana Hevsgre, from G. kugleri/G. primordins zone, core
sample at 1126.5 m. in KKL-2,

Figures 5a—c. Globigerina woodi woodi Jenxins, from G. kugleri!G. primordius zone,
core sample ar 1421.5 m. in KKL-2.
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PLATE VI

Figures 1a—c. Globigerina wenezuelana Hepsere, from G. kugleri/G. primordius zone,
core sample at 1126.5 m. in KKL-2.

Figures 2a, b, 3a, b. Globigerinita dissimilis (Custiman & BermupE2), from G. kagleri/G.
primordins zone, core sample at 1126.5 m. in KKL-2.

Figures 4 a—c. Globigerinita stainforthi (BoLLt, LorsticH & Tarean), from G. kugleri/G.
primordius zone, core sample at 1126.5 m. in KKL-2,

Figures 5a, b. Globorotaloides suteri BoLpy, from a cutting sample at 1463 m. in KKL-1.
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PLATE VI
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PLATE VH

Figures 1a, b, 2a, b. Globigerinoides primordius BLow w BANNER, from G. kugleri/G.
primordins zone, core sample at 1421.5 m. in KKL-2.

Figuares 3a, b. Globigerinoides trilobus altiaperturns BoLLl, from core sample at 639 m.
in KKL-4,

Figures 4a, b. Globigerinoides trilobus trilobus (Reuss), from core sample at 495 m. in
TPD-1.

Figures 5 a, b, Globigerinoides cf. subgnadratsns BRONNMANN, from core sample at 639 m.
in KKL-4.

Figures 6 a, b. Globogsadrina altispira globosa BoLLy, from the upper part of G. kuglerifG.
primordius zone, core sample at 1126.5 m. in KKL-2.
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PLATE VII
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PLATE VIII

Figures 1a—c. Globigerinopsis gubai n. sp., holotype from core sample at 11265 m. in
KKL-2, upper part of the G. kugleri/G. primardins zone.

Figures 2a~—c, 3a—c Globigerinopsis guhai n. sp., paratypes from the same level as the
holotype.

Figures 4 a—c. Globognadrina praedebiscens BLow s Banner, from G. kuglerifG. primor-
dius zone, core sample ac 1126.5 m. in KKL-2.
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PLATE IX

Figures 1, 2. Globoguadrina pracdehiscens BLow & BANNER, from G. kuglevi/G. primordias
zone, core sample at 1126.5 m. in KKL-2.

Figures 3, 4a, b. Globoguadrina debiscens (CHaPMAN, PaRR & CoLLINS), from core sample
at 495 m. in TPD-1.

Figures 5a, b. Globogquadrina cf. larmeui AxERs, from G. angulisuturalis zone, core sample

. ar 1495.5 m, in KKL-2. .

Figures 6 a—c. Globorotalia peripheroronds BLow x BANNER, from core sample at 495 m.
in TPD-1.

Figures 7 a—c. Globorotalia increbescens (BanDy), from G. gortanii zone, core sample at
1800 m. in NGT-1.
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PLATE X

Figures 1a, b, 2a, b. Globorotalia kugleri BoLwrt, from G. kugleri/G. primordius zone, core
sample at 1126.5 m. in KKL-2,

Figures 3 a, b. Globorotalia opima nana Bolli, from G. sastrii zone, core sample at 1582 m.
in KKL-4.

Figures 4, 5a—c. Globorotalia siakensis (LEroY), from G. kugleri/G. primordiss zone,
core sample at 1126.5 m. in KKL-2.

Figures 6 a—c. Globorotalia okbesa BoiLl, from G. kugleri/G. primordius zone, core sample
at 11265 m. in KKL-2.
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PLATE XI

Figures 1—6. Globigerapsis mexicana (Cusaman), all from G, mexicana zone, core sample
at 19042 m. in NGT-1, 1—4 juvenile forms with one to two supplementary
apertures.

Figores 7 a, b, Globigerapsis cof. tropicalis BLow & Bannggr, from G. mexicana zone, core
sample at 1904.2 m, in NGT-1.

Figure 8. Hantkenina alabamensis CusuMan, from G.mexicana zone, core sample at
1904.2 m. in NGT-1.

Figure 9a, b. Hantkenina alabamensis Cusuman, from a cutting sample at 1580 m. in
KKL-1. A from with twin spines.



63

PLATE X1
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PLATE XII

Figures 1a, b. Hantkenina cf. thalmanni BRONNMANN, from G.mexicana zone, core
sample at 1904.2 m. in NGT-1.

Figure 2. Hantkenina alabamensis Custman, from G. cerroazulensis zone in KKL-4,

Figures 3, 4, 5. Hantkenina trinitatensis BRONNIMANN, from G. mexicana zone, core
sample at 1904.2 m. in NGT-1.

Figures 6, 7, 8. Hantkenina sp., from G. cerroazulensis zone, core sample at 1716 m. in
EKL-4.

Figures a, b, 10, Hantkenina suprasuturalis Bronnmany, from G. mexicana zone, core
sample at 1904.2 m. in NGT-1.
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PLATE XII

Jahtb. Geol. B. A., 1971, Sonderband 17 5
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PLATE XIII

Figure 1. Hanthkenina suprasuturalis BRONNmMANN, from G, mexicana zone, core sample ar
1904.2 m. in NGT-1.

Figures 2, 7. Cribrobantkenina inflata (Hows), from G. cerroazulensis zone, cote sample
at 1690 m. in KKL-4.

Figures 3, 4, 5, 6, 8 a, b. Cribrobantkenina inflata (Howe), from G. cerroazalensis zone,
all from a core sample at 1716 m. in KKL-4.

Figures 9a, b. Pseudobastigerina micra (CoLe), from G. mexicana zone, core sample at
1904.2 m. in NGT-1.

Figures 10, 11. Hantkening sp., from G. cerroazalensis zone, core sample ar 1690 m. in
KKL-4, juvenile forms with the spines bending badkward.
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Nannofossils from the Eastern Desert, Egypt

with reference to
Maastrichtian Nannofossils from the USSR

By Samir SHAFIK *) and HERBERT STRADNER **)

With 50 plates and 7 text-figures

1. Abstract 7. Global Correlation and Results Ob-
2. Introduction, General Discussion, Ac- tained
knowledgements 8. Special Taxonomic Problems
3. Field Geology 9. Systematic Paleontology
4. Seratigraphy 10. Conclusions
5. Material Studied and Method of Study  11. Selected References
6. Succession of Nannoplankton Assem- 12, Explanations of Plates

blages

1. Abstract

With a view to the great importance of the Tarawan Chalk formation
in the Egyptian stratigraphy its coccolith content has been investigated
and 1s recorded here, whereby we could refer to a sample of similar age
from the Dnjepr-Donetz region USSR,

A framework for a nannoplankton-zonation for the early Tertiary
of Egypt is submitted. The Tarawan Chalk proves to become younger
in age in southern direction. A hiatus is supposed between this formation
and the overlying Esna Shale in the Gebel Tarbouli area, although no
break in the sedimentation could be observed.

Stratigraphic correlations with various localities abroad are tentatively
suggested. Taxonomic problems and some new coccolith-species are dis-
cussed on the basis of 50 plates.

2. Introduction, General Discussion, Adknowledgments

One of the two main aspects in connection with the problem of an
improved international geological cotrelation, as proposed by the scientists
and the experts of the UNESCO in their meeting in Budapest (September,
1969), is the need for researches, to establish clear documentation, upon
which continental and intercontinental correlation can be based.

The purpose of this paper is to present and to record the coccolith
contents of the Upper Cretaceous of the Gulf of Suez region, namely
Gebel Tarbouli, UAR, refering also to a sample from the USSR (Dnjepr-

#*) UNESCQ Postgraduate Training Center for Geology, Geological Survey of
Auvstria, Vienna. (Home University: Univ. of Cairo, Fac, of Science, Dept. of Geology,
UAR.)

#*) Geological Survey of Austria, Electronmicroscopical Lalioratory, Rasumofsky-
gasse 23, A-1031 Vienna, Avstria.
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Donetz region}). In addition a framework of the nannofossil assemblages
of the early Tertiary from several sections, cropping out along the
western side of both the Guif of Suez and the Red Sea, is also given.

The coceoliths are tiny scales, secreted by unicellular marine phyto-
flagellates of the family Coccolithophoridae, They occur either on the
surface or embedded in the layer of the mucilage, located just exterior
to the cell membrane of the coccolithophorid cell. The coccolithophorids
are biflagellate “protists”, However, PARKE & Apams (1960) and recently
PiENaAR (1969) have shown, that a third flagellum (the haptonema) is
occasionally found situated between the two flagella of the coccolitho-
phorid cell. Together with diatoms and dinoflagellates, the coccolitho-
phorids form the third group of the autotrophic phytoplankton. Never-
theless CoHEN (1965) considered, that species of the coccolithophorids,
living 1n the deep water layers, are probably heterotrophic.

The two-phase life cycle of the coccolithophores produces two types
of coccoliths. The holococcoliths represent the motile stage of the life
cycle of the coccolithophores. Their skeletal plates are built of elements
uniform in size and shape. On the other hand, the non-motile stage
produces the heterococcoliths, which are constituted of elements varying
in size and shape. Studies on the recent coccolithophores suggest, that the
fossil coccoliths represent only the non-motile stage (the heterococcoliths)
of the life cycle mainly.

The discoasters are stellate or rosette-like calcareous forms, most
probably extinct. They have been found in Cenozoic strata. LEcaL (1952)
described a recent planktonic protist from the Mediterranean Sea as
Discoaster planctonicus, the surface of which was covered with many
five- and six-rayed stars *). Nevertheless, these organisms are not generally
accepted yet as living representatives of the fossil Discoasteridae. The
exact systematic position of this group of fossils is still uncertain, hence
they are considered here as fossils “incertae sedis™.

Tan SiN Hok (1927) was the first, to present the systematics of
these forms. He introduced the term ““discoaster” as a systematic unit,
within his new family of Discoasteridae. Sujkowski (1931) and Pargjas
(1934) described discoasters, but they were using the generic taxon
Actiniscus EHRENBERG. DEFLANDRE (1950) arranged the Discoasteridae on
account of their optical property behaving as single crystals in his new
order of the Ortholithae, together with the Thoracosphaeridae and the
Braarudosphaeridae. BramieTTe and Rieper (1954) drew the attention
to the stratigraphic significance of these microfossils.

Collectively the term “calcareous nannofossils or calcareous nanno-
plankton” is applied to coccoliths, discoasters and related minute cal-
careous fossils. The calcareous nannofossils (nannos = dwarf) are among the
typical means by which local, regional as well as transoceanic correlation

#) Bursa (1964) described discoaster-producing flagellates, which he found in arctic
waters and which he named Discoasteromonas calciferns.
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could be established. Their rapid evolution, especially of many distinctive
forms, is now evident. Their planktonic characteristics together with their
minute size {generally from 1 to 20 in diameter), explains their wide
distribution, Hay (1963) noted that “coccoliths settle much more slowly
than the tests of planktonic foraminifera...”. However, results of the
recent studies by MCINTYRE (in press) indicate, that important quantities
of the coccoliths do reach the ocean floor directly from the overlying
water mass. Rapid sinking is accomplished via fecal pellets of the zoo-
plankton.

The “assemblage” as a group of associated fossils could be used as
a valuable stratigraphic indicator with great success especially in the case
of the calcareous nannofossils. Moreover, when the state of preservation
of a sample is not too perfect, it is easier and more appropriate to recognize
an assemblage than a certain species. The one and the same species might
be differently recognized and interpreted by different authors. It has
been noticed by the present author, that the examination of a sample under
the light microscope and the investigation of its carbon replica under the
electron transmission microscope shows often apparent differences in
the state of fossilization. Again, this represents another difficulty for the
exact identification of a certain species, but not so much for the exact
recognition of a certain assemblage.

Due to their minute size, the calcareous nannofossils are easily
reworked and may appear in younger strata. The use of the assemblage,
as recommended by this study, could reduce mistakes, caused by reworking
of these tiny fossils, In addition, the problem of reworking could be
partly solved, if the first occurence of the species is given the most con-
sideration within the successive assemblages.

The use of the calcareous nannoplankton assemblages, provided that
they show an evolutionary trend, could help solving the controversies
about the subdivision of some of the stratigraphical units, e. g. Paleocene.

After recognizing well-established assemblages of the calcareous
nannofossils for stratigraphical units, it will be possible, to express the
probability of a correlation numerically, making use of the large numbers,
in which calcareous nannoplankton occurs. This could be achieved by
using the concurrent-rangezones of the different members of the successive
assemblages, thus applying the probability theory to the biostratigraphic
correlation.
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3. Field Geology

The Tarbouli section, the main of this paper, was sampled by the
author during summer 1969, as the latest part of his project of studying
and sampling most of the Upper Cretaceous-Lower Tertiary deposits
cropping out in the Gulf of Suez Region and the Red Sea Coast, Egypt.
As far as the writer is aware, nothing has been published up till now about
Gebel Tarbouli. Tt represents the northern most tip of the so called Ash
El-Mellaha range sediments. It stands as a topographic cone about 100 m
above the surrounding plains. It is separated from the main body of the
Ash El-Mellaha sediments by some small dissected wadies. Apparently it
is bounded from its eastern and western sides by two main normal faults.
Some minor faults, having a general NNW-SSE trend, were observed by
the author within the Gebel Tarbouli itself.

4. Stratigraphy

The Upper Cretaceous-Lower Tertiary deposits of the western side of
both the Gulf of Suez and the Red Sea are found by the author as isolated
hills representing structurally basinlike hills. They are up to 565 meters
thick in the Gebel Duwi, and consist of six easily recognizable lithostrati-
graphic units (from below) the Nubia Formation, the Quesseir (varie-
gated) Shale, the Duwi (Phosphate) Formation, the Dakhla Shale, the
Tarawan Chalk and the Esna Shale. They are often caped by the Thebes
Formation (Lower Eocene). The formational names given here are in
general accordance with those given by Saip (1962). The lower three units



73

sampled from many localities, show that they are nonfossiliferons, mainly
as far as the microscopic fossils are concerned. The other three formations
are abundantly fossiliferous.

Though the lithology of the Tarawan Chalk varies in different places
from marl, marly limestone to pure chalk, its constant position between the
two shale formations (namely the Dakhla Shale below and the Esna Shale
above) and its wide geographical distribution, from the Kharga, Dakhla,
and Abu Mungar oases in the Western Desert, to the Esna-Idfu region in
the Nile Valley, to the Quesseir Safaga and Ash El-Mellaha at the Red
Sea Coast and Gulf of Suez Region, make it one of the best stratigraphic
markers in the Upper Cretaceous-Lower Tertiary of Egypt. Due to the
great importance of the Tarawan Chalk in the Egyptian stratigraphy, the
main part of this paper is devoted to the documentation of its coccolith
assemblage,

The Tarawan Chalk at the Gebel Tarbouli constitutes neatly the lower
half of the section, its base being not exposed. The exposed part of the
Tarawan Chalk in the studied area is 48,60 meters thick. Its lithology is
mainly marl to marly limestone. The contact between the Tarawan Chalk
and the underlying Dakhla Shale, as exposed in the south at Ash El-
Mellaha range, itself is sharp, while less conspicuous contact-conditions
could be observed at the boundary between the Tarawan Chalk and the
overlying Esna Shale in the Gebel Tarbouli. Amongst the megafossils found
in this rodk unit in the area under consideration, Pecten farafrensis ZrrTEL,
is abundant.

The Esna Shale at Gebel Tarbouli attains its minimum thickness, 10 m;
it is a clayey shale or shale to marl with some salt and gypsum as veinlets,
The Esna Shale at Tarbouli section grades downwards and upwards into
the Tarawan Chalk and into the Thebes Formation respectively.

5. Material studied and Method of Study

The coccoliths presented and photographed in this paper are from
Gebel Tarbouli, Gulf of Suez Region, Egypt (Lat. 27° 55" N and Long.
33° 5" E); and from the Maastrichtian of the USSR #),

Text-figure 1 represents a location map of the Tarbouli section and
also of most of the Upper Cretaceous-Lower Tertiary sections of the Gulf
of Suez Region and the Red Sea Coast. A columnar section of the Gebel
Tarbouli is given by text-figure 2.

The method of preparation and study of the coccoliths is the same
as given by ApaMiKer in STRADNER et al (1968), with some slight modi-
fications when required. The negatives of the microphotographs belonging
to this study are deposited in the ELMI laboratory at the Geolegical
Survey of Austria, Vienna,

*) ‘The Dujepr-Donetz region (Sinev-Shuravnin drilling, depth 278/279 m.).
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Fig. 1: Orientation map showing the geographic position of the studied sections in Egypt.

6. Succession of Nannoplankton Assemblages

The nannoplankton assemblage of the Tarawan Chalk of the Tar-
bouli section, Egypt, and those from the Dnjepr-Donetz region (Sinev-
Shuravnin drilling, depth 278/279 m). are given below. The assemblages
recorded here for the two localities ate found to be typical for the Upper
Maastrichtian; their correlation is possible.

The following species are found in the Maastrichtian of both the
Tarbouli section, Gulf of Suez, Egypt, and of the Dnjepr-Donetz region
(Sinev-Shuravnin drilling, depth 278/279 m.):

Arkhangelskiella cymbiformis VERSHINA

Biscutum constans (GORKA) BLACK

Biscutum testudinarium BrLack

Eiffellithus trabeculatus (Gorga) REINHARDT & GORKA
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Kampinerius magnificsis DEFLANDRE
Lithraphidites quadratus BRAMLETTE & MARTINI
Micula stawrophora (GARDET) STRADNER
Polypodorbabdus crenulatus (BRAMLETTE & MARTINI) nov, comb.
Prediscosphaera honjoi BUKRY

Reinbardtites mivabilis PERcH-NIELSEN
Rbagodiscus plebeins PERCH-NIELSEN
Vekshinella crux (DEFLANDRE & FERT) nov. comb.
Watznaueria barnesae (BLACK) PERCH-NIELSEN
Zygodiscus spiralis BRAMLETTE & MarTIN
Zygolithus erectus DEFLANDRE

The following is a list of the coccoliths encountered onmly in the
Tarawan Chalk of the Tarbouli section and not in the Russian sample:

Corollithion exiguum STRADNER

Cribrosphaerella numerosa (Gorka) REINHARDT & GORKA
Cylindralithus serratus BRAMLETTE & MARTINI
Kamptnerius punctatus STRADNER

Podorbabdus dietzmanni (REINHARDT) REINHARDT
Polypodorbabdus pienaari nov. spec.

Polypodorbabdus schizobrachiatus (GARTNER) nov. comb.
Pontosphaera multicarinata (GARTNER) nov. comb.
Rbabdolithina splendens (DEFLANDRE) REINHARDT
Stephanolithion laffitei NoEL
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Vekshinella elliptica GARTNER
Zygodiscus tarboulensis nov. spec.

The following species are found only in the Russian material and
n ot in the Egyptian samples:

Abmauellerella octoradiata (Gorka) REINHARDT
Eiffellithus anceps (Goxrka) REINHARDT & GORKA
Markalius inversus (DEFLANDRE) BRAMLETTE & MARTINI
Nepbrolithus freguens Gorka

Prediscosphaera stoveri PERcH-NIELSEN

Vekshinella cruciata (NOEL) nov. comb.

Zygodiscus acanthus (REINHARDT) REINHARDT
Zygolithus cf. diplogrammus DEFLANDRE

A study of the planktonic foraminiferal content of the Tarawan
Chalk of the Gebel Tarbouli reveals, that the fossils are to be located
within the vertical limits of the Abathomphalus mayoreensis zone. This
result ascertains the age of the Tarawan Chalk of the Gebel Tarbouli to
be Upper Maastrichtian.

In an attempt to correlate the nannoplankton assemblages of both the
Esna Shale and the Tarawan Chalk of Gebel Tatbouli with those of the
same two formations exposed at the Gulf of Suez region and the Red Sea
coast, it was possible to recognize some nannoplankton zones; however,
the zonation outlined below is merely a framework; the details of such a
zonation should be the subject of further studies.

The assemblages recognized are the following:

Top:

a) DISCOASTER BINODQSUS ZONE: the definition of this zone
as given by Hay et al. (1967) is followed here. The upper half of the Esna
Shale of the Gebel Tarbouli, and only the uppermost part of the same
formation of the Hamraween section and the Gebel Duwi belong to this
zone. Among the nannoplankton species found in this zone are the follo-
wing:

Discoaster binodosus Martini, Discoaster mediosus BRAMLETTE &
SuLLIvaN, Marthasterites tribrachiatus (BRAMLETTE & RiEDEL) DEFLANDRE,
Discoaster diastypus BRAMUETTE & Surrivan and Coccolithus spp.

This zone is characterized in the Egyptian sections by the flood of
Discoaster binodosus MarTINI and by the absence of both the Martha-
sterites contortus (STRADNER) DEFLANDRE and M. bramlettei BRONNIMANN &
STRADNER.

b) MARTHASTERITES CONTORTUS ZONE: the author follows
the definition of this zone given by Hay (1964 b). The common species
are: Marthasterites contortus (STRADNER) DEFLANDRE, Marthasterites bram-
lette; BRONNIMANN & STRADNER, Discoaster binodosus MarTINI, Discoaster
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diastypus BRAMLETTE & SULLIVAN, Discoaster multiradiatus BRAMLETTE &
SuLLivan and Discoaster mediosus BRAMLETTE & SULLIVAN.

This zone is present in the Esna Shale of Gebel Duwi, and Gebel
Hamraween. The lowermost part of the Esna Shale of Hamadat section
and Gebel Tarbouli also belong to this zone.

c) MARTHASTERITES SPINEUS ZONE: this zone is recognized
for the first time here and is defined by the interval between the first
occurrence of Marthasterites spinens nov. spec. and the first occurrence
of Marthasterites bramlettei BRONNIMANN & STRADNER. Common species
are: Marthasterites spineus nov, spec., Discoaster diastypus BRAMLETTE &
SurLivan and Discoaster multivadiatus BRAMLETTE & RIEDEL.

This zone has been observed in the Esna Shale of the Wadi Had
section (south Gebel Duwi) and in the same formation of the Ash El-
Mellaha range sediments. It is worth to mention that these two localities
are almost 200 km distant, as shown in text-figure 1. This zone has not
been found in the Gebel Tarbouli Section.

Type section: The Ash El-Mellaha range Esna shale, Western Red
Sea Coast, Egypt.

d) DISCOASTER MULTIRADIATUS ZONE: this zone is defined
by the vertical interval between the first occurence of Discoaster multi-
radiatus BRAMLETTE & RIEDEL and first occurrence of Marthasterites spineus
nov. spec. This zone is readily recognizeable in most of the sections of the
Red Sea coast. It is well-developed in the Hamraween section and in Gebel
Duwi in the Esna shale, it is absent in the Tarbouli section. Together with
Discoaster multiradiatus BRAMLETTE & RIEDEL, the following nannofossil
species are present: Discoaster delicatus BRAMLETTE & SuULLIVAN, D. lenti-
cularis BRAMLETTE & SULLIVAN, D. limbatus BRaMLETTE & SuLpivan, D.
mediosus BRAMLETTE & SuLLivaN and Heliolithus riedeli BRAMLETTE &
SuLLIVAN.

e} HELIOLITHUS RIEDELI ZONE: the range of this zone extends
from the first occurrence of Heliolithus riedeli BRAMLETTE & SULLIVAN until
the first occurrence of Discoaster multiradiatus BRAMLETTE & RiepeL. This
zone is well-developed in the Tarawan Chalk of the Gebel Duwi and it is
absent in the Tarbouli section. The common nannoplankton species of this
zone are: Heliolithus riedeli BRAMLETTE & SuLLIvaN, Discoaster delicatus
BRAMLETTE & SuLLivaN, Discoaster limbatus BRAMLETTE & SULLIVAN and
Discoaster helianthus BRAMLETTE & SULLIVAN.

Though the above-mentioned nannoplankton zonation is preliminary,
the author ventures to conclude, that the lithostratigraphic units assigned
to the Upper Cretaceous-Lower Tertiary of the Gulf of Suez region and the
Red Sea coast become younger toward the south. This conclusion is clearly
proved by the nannoplankton content of the Tarawan Chalk rock unis,
being of Upper Maastrichtian in the north at Gebel Tarbouli and of Lower
Landenian in the south at Gebel Duwi. This result is also confirmed in
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other parts of Egypt by authors working on foraminifera (e. g. Sam [1961];
SHAFIK [1968], Msc. THEsIs).

7. Global correlation and results obtained

Among the calcareous nannoplankton zones of New Zealand given by
Epwarps (1970), is the Nepbrolites frequens zone, which according to him
is of Maastrichtian age. Unfortunately, this zone, as shown in his table, lies
vertically between unsuitable facies. The Nephrolithus frequens zone was
found well developed in the Russian material, while no single specimen of
this species could be found in the Egyptian samples. These results are found -
to be in harmony with the findings of MarTINI (1970), who pointed out
that the two of the latest Maastrichtian nannofossil index species, Tetra-
lithus murus and Nepbrolithus frequens, are climatically restricted, N.
freguens occurs towards the poles, its vertical range is reduced towards the
equator. Contrarily T. murus occurs towards the equator, its stratigraphic
range is diminishing towards the higher latitudes. Therefore, it seems, that
the Russian locality falls geographically within the N. frequens domains,
while the Egyptian section lies within the low latitude region of T. murus.

It is worthy to mention, that in most of the Maastrichtian samples of
Austria the N. freguens is missing, however, it is found frequently rewor-
ked in the Paleocene of Reingruberhhe (Lower Austria). It might be con-
cluded that Nephrolithus frequens was probably occuring in the latitude
of Austria too.

The oldest known species of the genus Pontosphaera was found by
KampTNER (1963) in the Eocene (Pacific ocean). However one species of
this genus ist recorded by the present authors in the Upper Maastrichtian of
the Gulf of Suez Region, Egypt, by use of the electron microscope. More-
over, checking the same sample by the light microscope reveals again this
genus being represented by one species (Pontosphaera multicarinata
[GarTNER] nov.comb.). Therefore it could be concluded, that Ponto-
sphaera may have its first occurrence at least in the Upper Maastrichtian.

Bukry (1970) established the Zygodiscus macleodae zone from the
Lower Campanian of Texas. He did not find this species in his overlying
Prediscosphaera germanica zone. Therefore and owing to the apparent
differences between these two zones, he concluded, that there is an unstu-
died interval inbetween his two zones, not represented in his samples. In
the Egyptian Maastrichtian Zygodiscus tarboulensis nov. spec. could be
discovered, which is a close relative to the abovementioned Z. macleodae
Bukry.

Though a gradational contact is observed by the author between the
Tarawan Chalk and the overlying Esna Shale at the Gebel Tarbouli, thus
suggesting a continuous sedimentation, by means of the nannofossils a
hiatus along this contact is indicated. This hiatus represents the missing
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of the entire Danian and most of the Landenian, therefore, indicating a
great interruption in sedimentation. This disconformity may explain the un-
usually reduced thickness of the Esna Shale rodk unit (10 m.} at the Gebel
Tarbouli.

The electron transmission microscope investigation of the Egyptian
coccoliths dealt with in this study shows, that they had suffered some sort
of dissolution or corrosion, while the Russian coccoliths seem to be some-
what recrystalised. However it is not impossible to compare both the
Egyptian and the Russian coccoliths, though they show extremes as to the
state of their preservation. Many coccolith species are common to the
Egyptian and the Russian materials. This indicates that the two localities
are easily correlated by means of their coccolith contents, regardless their
wide geographic separation.

8. Special taxonomic problems

The taxonomy of the coccolithophoridae seems to be in a state of con-
fusion. It is well known that the systematic classification of the coccolitho-
phoridae is based mainly on the structure and the morphology of the hard
parts (coccohiths). Therefore, a detailed study of the structure of the cocco-
liths is necessary. However, inspite of the fact that the analysis of the
ultrastructures of the coccoliths is beyond the resolution power of the light
microscope, many workers have utilized the light microscope in their study
and description of the coccoliths, On the other hand, other workers have
made use of the much higher degree of resolution of the electron microscope.
It is quite clear that the results obtained by these two groups of workers
are not easily to be compared. PERCH-NIELSEN (1967) introduced a method
by which the same coccolith can be studied using a light microscope and
subsequently by an electron microscope. Unfortunately, this method has
not gained much support among most of the workers yet.

The lack of a continuous contact between the numerous workers in the
different countries increases the difficulties met with in classifying the
coccolithophoridae systematically.

The coccolithophoridae possess some of the characters of both plants
and animals, Botanical and zoological nomenclature have been used with
almost equal frequency for the coccoliths by different scientists. LoEsLicH &
TAPPAN (1966) in their “Annotated index and bibliography of the cal-
careous nannoplankton” have solved many of the objective nomenclatural
problems.

The coccelith dimorphism could be also a problem in the systemartics
of the coccolithophoridae. One form possesses two types of coccoliths on
one cell {e. g. Acanthoica); when found as fossils, these would be given two
different names. More work should be done by the neontologists on the
coccolith morphology, the coccolith dimorphism and the life cycles of the
living representatives of the coccolithophoridae.
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A given coccolith has a different structural pattern in the distal and
proximal view. In the electron microscope study the erection of a new
genus or species is based often on the description of only one view of a
coccolith. In some cases both the distal and the proximal view of the same
coccolith have been described by different authors as two different species
or even genera. This could be avoided firstly by studying the coccolith in
a liquid medium (silicone oil) using the light microscope to recognise its
two views, and then using the method given by PercH-NIELSEN (1967) for
studying the same coccolith, using the light microscope followed by the
electron microscope for the two views of the coccolith,

The left-right reversed microphotographs of the nannofossils given by
a few workers, could also add to the confusion as to the recognition of the
nannofossils and hence their systematics.

9. Systematic Paleontology

A detailed description of all coccoliths and discoasters found in the
Maastrichtian and Paleogene of Egypt would go beyond the scope of this
paper, which as the result of the authors’ part-time occupation with these
samples during the 1969/70 UNESCO Postgraduate Training Course on
Geology can only be considered as an initial study, no more.

The following short comments and the selected synonymy therefore are
rather fragmentary: a small plattform only for continued future work on
these sections, on 2 broader scale, as we hope; and maybe some help for
those of our younger colleagues, who just start working on similar samples.

Abmuellerella octoradiata (Gorka) REINHARDT

(Place 23, fig. 1—4)
1957 GORKA, p. 259, pl. 4, fig. 10. Discolithus octoradiatus.
1964 REINHARDT, p. 751, pl. 2, fig. 6. Abmuellerella limbitennis.
1967 REINHARDT, p. 166, Abb. 1, Abb. 7: 1, 2, 3. Abmuellerella octoradiata.
1969 BUKRY, p. 58, pl. 33, figs. 5—7. Vagalapilla octoradiata.

Comments: Biserial crossbars, which are diverging along the median
suture from the centre to the rim,

Central cross not in all specimens exactly in axial direction.

Closely related to the species of the genera Vekshinella and Rein-
hardtites,

Arkbangelskiella cymbiformis VERSHINA

(Plate 5—7)
1912 ARRHANGELSEY, pl. 6, fig. 24. Coccolith of uncertain affinity.
1959 VEKSHINA, p. 66, pl. 2, figs. 3 a, 3 b.
1963 STRADNER, p. 170, pl. 1, figs. 4 a, 4 b.
1965 REINHARDT, p. 31, pl 2, fig. 6.
1966 REINHARDT, p. 31, pl. 6, figs. 1—3; pl. 22, figs. 14—19.
1969 Bukry, p. 21, pl. 1, figs. 1—3."
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Comments: Distal and proximal shield subdivided by a marginal
groove into two tiers each (see pl. 6, fig. 2). Central area with axial sutures
on the distal side and axial plus diagonal sutures on the proximal side. Per-
forations of central area sometimes transversed by a septum (pl. 5, fig. 3).

Central area more subject to recrystallisation than the shields.

Biscutum constans (Gorga) BrLack

(Plate 2)

1957 GoRrka, p. 279, pl. 4, fig. 7. Discolithus constans.
1967 BLACK, p. 139.
1968 Percu-NiELseN, p. 78, pl. 27, figs. 1—11, texe-fig, 39.

Comments: Those elements of the distal and the proximal shield,
which lie in direction of the main axis of the elliptical shields, are wider
than those lying in direction of the transverse axis,

Centre of proximal side with granulae, which could be proximal ends
of wall elements lining the crater of the distal side.

Crooked sutures of the distal shield suggest the existence of an inter-
mediary crystal-ring.

Biscutum testudinarinm BLacCK

(Plate 3, figs. 1, 2; plate 4, fig. 1}
1959 BLack, in Brack & Barngs, p. 325, pl. 10, fig. 1.
1966 REINHARDT, p. 30, pl. 19, fig. 1.
1968 STRADNER, in STRADNER, ADAMIKER & MARESCH, p. 29, pls. 11—12.
1969 Bukrvy, p. 28, pl. 8, figs. 7—12,

Comments: Coccoliths circular or subcircular, with shield elements of
almost identical width. An internal view of a fragmentary coccosphere
(pl. 4, fig. 1) shows the ovetlapping of adjacent coccoliths. The number of
coccoliths in a coccosphere seems to exceed 24,

Corollithion exiguum STRADNER

(Place 46, figs. 1—4)

1961 STRADNER, p. 33, text-figs. 58—61.
1964 BRAMLETTE & MaRTINI, p. 308, pl. 5, figs. §, 9.
1966 MarescH, p. 381, pl. 3, fig. 4.
1968 GARTNER, p. 35, pl. 10, fig. 26.
1969 Buxry, p. 40—41, pl. 18, fig. 12; pl. 19, fig. 1.

Comments: Rim consisting of imbricating crystal plates, which are
aligned along the hexagonal outline of the rim and are slightly slanted.
Central sixrayed structure with or without knob.

Corollithion rhombicum (STRADNER & ADAMIKER) BUKRY

(Plate 47, fig. 3)
1966 STRADNER & ADAMIKER, p. 339, pl. 2, fig. 1, vext-figs. 5—7. Zygolithus rbombicus.
1969 Buxry, p. 41, pl. 19, figs. 2—4.

Jahrb. Geol. B. A., 1971, Sonderband 17 6
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Comments: Only a single specimen of this species was found in the
Upper Maastrichtian Chalk of Tarbouli section, Egypt. C. rbombicum was
not met with in the Russian material studied.

Cribrosphaera langhtoni (BLack) BUKrY

{Plate 30, figs. 1 —4; plate 31, figs. 1—4)

1964 Brack, p. 313 pl. 53, figs. 1, 2. Favocentrum laughtoni.
1969 Bukky, p. 45, pl. 23, figs. 1—9.

Comments: This species differs from the rather similar Cribrosphaera
ebrenbergi ARKHANGELsKII by “the absence of a regular set of thronghgoing
perforations” (Bukry). In the USSR material intermediate forms with some
pores between the crystal triplets could be found (pl. 30). Secondary crystal
growth might account for the closing of the pores in some materials.

Cribrosphaera numerosa (Gorga) REINHARDT & GORKA

(Plate 32, figs. 1, 2)

1957 GoRKa, p. 257, pl. 4, fig. 5. Discolithus numerosus.
1967 REWNHARDT & GORKA, . 243, pl. 33, fig. 2, text-fig. L.

Comments: Central area perforated by hexagonal pores between a grid
of crystaltriplets. The arrangement of pores and crystal structures is in
quincunx pattern.

Found in the Tarbouli Chalk, Egypt, where nannofossils are not over-
calcified.

Coylindralithus serratus BRAMLETTE & MARTINI

(Place 45, figs. 1—4)

1964 BramiLeTTE & MaRTINI, P. 310, pl. 5, figs, 18—20.
1966 Stover, p. 141, pl. 4, figs. 31—33, C. crassus.
1968 GARTNER, p. 47, pl. 10, fig. 9.

1969 Bukry, p. 43, pl. 20, figs. 11, 12.

Comments: In axial view two rings with different diameters can be
discerned, one having the crystal elements inclined clockwise, the other
counter-clockwise (pl. 45, fig. 1). One specimen (pl. 45, fig. 2), which is
tentatively assigned here, has something like a reticulate membrane filling
the central window. Not present in USSR material, but found in Tarbouli,

Egypt.

Eiffellitbus anceps (Gorka) REINHARDT & GORKA

(Plate 44, figs. 1-~4)
1957 GoRka, p. 252, pl. 3, fig. 4. Discolithus anceps.
1965 REINHARDT, p. 38, pl. 8, fig. 2; pl. 11, fig. 3 a, b, text-fig. 19. Eiffellithus urriseiffeli
inturratus.
1967 REINHARDT & GORKa, p. 251, pl. 31, figs. 15, 16, text-fig. 6.
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Comments: Elliptical rim composed of up to 70 dextrally imbricate
elements. Inner cycle consisting of heavy blocks, which are readily recrys-
tallized (compare pl. 42, fig. 1 and fig. 3).

X-shaped crossbars composed of two elements of equal size.

Eiffellithus trabeculatus (Gorka) REINHARDT & GORKA

(Plate 43, fig. 2)

1957 Gorka, p. 255, pl. 3, fig. 9. Discolithus trabeculatus.
1966 REINHARDT, p. 39, pl. 19, fig. 2. Eiffellithus testaceus.
1966 STOVER, p. 142, pl. 2, figs. 11, 12, Discolithus disgregatus.
1969 Buxry, p. 49, pl. 27, figs. 1—4. Chiastozygns disgregatus.

Comments: Elliptical rim composed of up to 40 dextrally imbricate
elements. Two of the diagonal crossbars do not meet at the centre, but are
offset. The inner cycle of rim elements is flat and lining the inner wall of
the rim.

Kamptnerius magnificus DEFLANDRE

(Plate 8--10, 11, fig. 1)
1959 DEFLANDRE, p. 135, pl. 1, figs. 1—4.
1968 GARTNER, p. 39, pl. 2, figs. 1—2.
1968 PErcH-NIELSEN, p. 41, pl. 6, figs. 1—3, 5.
1969 Bukry, p. 25, pl. 5, figs. 7—9.

Comments: Large elliptical coccoliths with flaring asymmetric outer
rim, a derivate of the distal shield. The width of the flange is. rather
variable, as shown by pl. 8, fig. 1 and pl. 11, fig. 1. The proximal side of
the central area is subdivided by a double ridge of crystals along the main
axis. In some specimens the central area is open, the elongate slot lying in
the direction of main axis (pl. 9).

Kamptnerius percivalii Bukry

{Plate 11, fig. 2)
1969 Bukey, p. 25, pl. 6, figs. 1—3.

Comments: Only poorly preserved specimen encountered. The arran-
gement of the pores in the central area corresponds to K. percivalii rather
than to K. punctatus.

Lithraphidites quadratus BRAMLETTE & MARTINI

(Plate 49)
1964 BRAMLETTE & MarTINI, p. 310, pl. 6, figs. 16—17; pl. 7, fig. 8.
1968 GARTNER, p. 43, pl. 2, fig. 3; pl. 3, fig. 3; pl. 5, figs. 1 2; pl. 6, fig. 2.

Comments: Similar to L. grossopectinatus Bukry the four keels
consist of two closely appressed lamellae. As indicated by GARTNER the
four keels may differ in their dimensions (pl. 49, fig. 1).

&
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Markalius inversus (DEFLANDRE) BRAMLETTE & MARTINI

{Plate 3, figs. 3, 4)
1954 DEefFLANDRE, in DEFLANDRE & FERT, p. 150, pl. 9, figs. 4—5. Cyclococcolithus lepto-
porus var, inversus.
1964 BRAMLETTE & MaRrTIN, p. 302, pl. 2, figs. 4—9.
1968 PercH-NIELSEN, p. 72, pl. 24, figs. 1—8; pl. 25, fig. 1.

Comments: Circular coccoliths with 2 shields consisting of about
30 elements, The inner part of the deep crater of the distal side is lined
with flat crystal plates in conical arrangement.

O TE T T

Fig. 3: Microhabdulus belgicus Flay. Magnification appr. X 12.500. Gebel Tatbouli, Egypt.

Microbabdulus belgicus Hay
(Text-fig. 3)

1963 Har, p. 95, p. 95, pl. 1.

1963 DEFLANDRE, p. 3486, figs. 12—18. M. margaritatus.
1963 STRADNER, p. 11, pl. 4, fig. 13. M, nodosss.

1968 GARTNER, p. 44, pl. 6, fig. 13.

1962 Bugry, p. 66, pl. 39, figs. 9—11.

Comments: Elongate rod, tapering on both ends, with evenly spaced
cycles of subrhomboidal nodes.
The rare specimen from Tarbouli, Egypt, has both ends intact.

Micula staurophora (GARDET) STRADNER

(Plate 50)

1955 GARDET, p. 534, pl. 10, fig. 96. Discoaster stanrophorus.

1959 VERSHING, p. 71, pl. 1, fig. 6. Micula decussata.

1963 STRADNER, p. 8, fig. 12 a—c. Micula stanrophora.

1964 BRAMLETTE & MARTIN, p. 318, pl. 6, figs. 7—11.

1968 GARTNER, p. 47, pl. 2, figs. 5—8; pl. 4, fig. 18; pl. 9, figs. 18—20; ete. M, decussata.
1969 Bukry, p. 67, pl. 40, figs. 5—6. M. decussata.

Comments: Six-sided cubes with concave faces. When well preserved
and after suitable metal-shadowing the concave craters reveal some ultra-
structura] details. Only one size of microcrystals is used to build up the
entire fossil, thus indicating that Micula might be 2 “holoccolith” (?).

In older literature only one half of Micula was shown, due to diffi-
culties in interpreting its real structure with the light microscope.
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Nephrolithus frequens Gorka

{Plate 28, 29)

1957 Gorka, p. 263, pL. 5, fig. 7.
1968 PercH-NIELSEN, p. 56, pl. 7, figs. 12—14; pl. 18, figs. 1—9.
1970 MarTiNg, pp. 1242—1243,

Comments: Coccoliths kidney-shaped. Very small specimes are
elliptical (pl. 29, fig. 1), The central area is filled with from 2 to 15 rings
of granulae with a throughgoing pore.

In agreement with MARTINDs regional distribution charts N. freguens
was found only in the high latitude USSR material and not in the low
latitude Egyptian samples.

Podorhabdus dietzmanni (REINHARDT) REINHARDT

Plate 17)

1965 REINHARDT, p. 30, pl. 1, fig. 1. Abmuellerella dietzmanni.
1967 REINHARDT, p. 169, fig. 4.
1969 Bukry, p. 37, pl. 16, figs. 1-—-3.

Comments: Rim composed of a proximal and an overlapping distal
shield, Wide central area spanned by an elongate hexagonal structure,
which leaves open four large perforations — one in each quadrant — and
extends into a hollow central tube. In both speciments of pl. 17 the central
tube is broken off.

Podorbabdus granulatus (REINHARDT) Bukry

(Plate 16)

1965 REINHARDT, p. 39, pl. 3, fig. 2. Abmuellerella? granulata.
1966 REINHARDT, p. 27, pl. 8, fig. 1, Cretarbabdus? granulatus.
1969 Bukky, p. 37, pl. 16, figs. 4—é.

Comments: Elliptical bilamellar rim. Intermediate crystalring of distal
side very narrow. Central area spanned by an diagonal cross composed of
many small elongate crystal elements. Openings in direction of the longer
main axis wider than those along the shorter axis. Hollow central tube.

Polypodorbabdus crenulatus (BRAMLETTE & MarTINI) PERCH-NIELSEN

(Place 12, 13)

1964 BramieTTE & MARTING, p. 306, pl. 2, figs. 21—24. Cretarhabdus crenulatus.
1968 PercH-NIELSEN, p. 48, pl. 11, figs. 2—5.

Comments: Assuming a wide variety among this species also those
specimen with only a faintly indicated axial cross and those with a
pronounced cross were included here. Appearance in light-microscope of
“crenulatus” type: with crenulated margin of central area.
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Polypodorbabdus pienaari nov. spec.

(Plate 14, figs. 1—4, text-fig. 4)

1969 PiENAAR, p. 92, pl. 8, fig. 8. Cretarbabdus decorss.
non

1954 DEeFLANDRE, in DEFLANDRE & FERT, p. p. 45, pl. 13, figs. 4—6, texe fig. 87.
non

1964 BramiETTE & MaRTING p. 300, pl. 3, figs. 9—12.

New Description: Elliptical coccoliths with bilamellar rim and a wide
central area spanned by a complicated symmetric structure, which according
t0 PIENAAR, is described as follows: “Two parallel bars originate halfway
down the longitudinal and transverse arms of the cross and are attached

- to the distal shield. From each of these bars two further bars develop
opposite each other. These small bars fuse resulting in 4 pores in each
quadrant.”,

The central stalk was not found to be hollow, but compact and
quadrangular in cross-station.

Holotype: EM no. 1395, Pl 14, fig. 4.

Paratypes: EM no. 1119 u. 1467, Pl. 14, figs. 1 u. 3.

Type-locality: Gebel Tarbouli, Egypt, Stat. Nr. 6.

Type-level: Upper Maastrichtian,

Comments: Differential diagnosis: Polypodorhabdus pienaari does not
have a hollow stem as indicated by microphotographs showing C. decorus
in side view (see DEFLANDRE, BRAMLETTE & MARTINI, and PIENaar, pl. 11,
fig. 8). All available electronmicrographs give evidence of a compact stalk.
Therefore a distinction from Cretarbabdus decorus seems justified.

Derivatio nominis: This new species is dedicated to Richard N.
PieNaaRr, University of Natal, Durban, S. A., who published the first
picture of this species in 1968.

0

Fig. 4: Polypodorhabdus pienaari nov. spec. Schematized drawing of distal side; magni-
fication appr. X 11.000. Gebel Tarbouli, Egypt.
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Polypodorbabdus schizobrachiatus (GARTNER) nov. comb.

(Plate 15, figs. 1—3)
1968 GARTNER, p. 31, pl. 13, figs. 10—11; pl. 20, fig. 5. Vekshinella schizobrachiata.
1969 BUKRY, p. 36, pl. 15, figs. 4—6. Cretarbabdus schizobrachiatus,

Comments: Bilamellar coccoliths with distal and proximal shield.
According to the emended generic diagnosis of the genus Cretarbabdus
given by PErCH-NIELSEN in 1968, p. 51, that genus is reserved to cocco-
liths with the central area composed of many small granulae. Therefore
we suggest a transfer of this species here into the genus Polypodorbabdus
NoEL, the genus Podorhabdus NoEL being restricted to species with four
pericentral openings only.

Pontosphaera multicarinata (GARTNER) nov. comb.

{Place 48, figs. 2, 3)
1968 GARTNER, p. 41, pl. 7, figs. 10, 11. Prolatipatella multicarinata.

Comments: The only genuine “Pontosphaera” occurring in the Upper
Cretaceous was registred by GARTNER in 1968 first. His description was
based on lightmicroscopic pictures of this rare species. In the Gebel Tarbouli
sample it is not so rare, so that also one electronmicrograph could be accom-
plished, showing the typical spiral microcrystal arrangement of the distal
side. No indication of a multitier rim was found in the specimes from

Egypt.

Prediscosphaera cretacea {ARKHANGELSKY) GARTNER

(Plate 18, 19)

1912 ARKHANGELSKY, p. 410, pl. 6, fig, 12, Coccolithophora cretacea.

1952 DEFLANDRE, p. 463, fig. 300 D. Coccolithus cretaceus.

1964 BraMLETTE & MaRTING p. 310, pl. 2, figs. 11—12, Deflandrius cretacens.

1959 VEKSHINA, p. 73, pl. 1, figs. 8, 9. Prediscosphaera decorata.

1968 GARTNER, p. 19, pl. 2, figs. 10—14; pl, 3, fig. 8; pl. 4, figs. 19—24; pl. 6, figs. 14—15
etc.

1969 Bukry, p. 38, pl. 16, fig. 12; pl. 17, figs, 1—6. P. cretacea cretacea.

Comments: According to Bukry the diagnostic differences of this
species in regard to the following species of Prediscosphaera are the inter-

locking sutures of the distal rim, the diagonal x-shaped crossbars and the
sinistral rotation of the second internal set of crossbars.

Prediscosphaera honjo BUKRY

{Plate 22, figs. 2—4)
1969 Buxry, p. 39, pl. 18, figs. 4-~6.
1968 PercH-NIeiseN, pl. 16, fig. 11, Deflandrius stoveri {pro parte).
Comments: This species differs from P. stoveri by the dimension of
the inner cycle, which is not overlapping the distal rim, but is inserved
into it and slightly depressed (pl. 22, fig. 2). Central cross in axial direction.
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Also the specimen in Percu-NieLsen plate 16, fig. 11 (Deflandrius
stoveri, Paratype) can be included here.

Prediscosphaera spinosa (BRAMLETTE & MARTINI) GARTNER

(Plate 20, figs. 1—4)
1964 BrRaMLETTE & MARTING p. 301, pl. 2, figs. 17—20. Deflandrins spinosus.
1968 GaRrTNER, p. 20, pl. 1, figs. 15—16; pl. 3, figs. 9—10; pl. 5, figs. 7—9; pl. 6, fig. 16;
pl. 11, fig. 17.
1969 BUKRY, p. 40, pl. 18, figs. 7—9.

Comments: Characteristic of this species are the delicate spines at the
top of the stem (often altogether missing). The basal plate consists of two
elliptical rims, die distal one with sutures straight and less complicated
than in P. cretacea. The crossbars are almost in axial direction and almost
completely united with the second set of crossbars.

Prediscospbaera stoveri (PERCH-NIELSEN) nov. comb.

(Plate 22, fig. 1)

1968 PErcH-NIELSEN, p. 66, pl. 16, fig. 13 (Holotype). Deflandrins stoveri.
196% Bukry, p. 39, pl. 18, figs. 1-—3. Prediscosphacra germanica.

Comments: This species is easily recognized by the distinctive inner
cycle of crystal rods, which extend onto the distal side of the distal rim.
Crossbars in axial direction. The new combination is required by the prio-
rity of the description given by PERCH-NIELSEN.

Rbabdolithina splendens (DEFLANDRE) REINHARDT

(Plate 32, figs. 3, 4)

1953 DEFLANDKE, p. 1786, text-figs. 4—6. Rbabdolithus splendens.
1966 REINHARDT, p. 167.
1968 STRADNER, ADAMIRER & MarEsch, p. 32, pl. 21—23.

Comments: Central area filled with tightly packed crystal triplets.
Central stem hollow, built of elongate crystal laths in spiral arrangment.

Rbagodiscus plebeins PERCH-NIELSEN

{Plate 26, figs. 2—4; place 27, figs. 1, 2, 4)
1968 PercH-NIELSEN, p. 44, pl. 7, figs. 2—6.

Comments: Rim composed of imbricated plates in zygodisms”—style.
Central area filled with a granulated conical structure, which is perforated
in the centre. : :

Reinbardtites mivabilis PERCH-NIELSEN

(Plate 24, 25)
1968 PercH-NIELSEN, p. 40, pl. 7, fig. 1, text-fig. 15.
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Comments: Simple rim of socalled “zygodiscus”-style, with central
area spanned by an unperforated cone-shaped structure consisting of
8 imbricating double rows of crystalplates. Thus in distal view 8 ridges
ascending in radial direction unite to form a central stem. The sloping of
these ridges is clockwise, their overlapping counterclockwise.

Stephanolithion laffitei NoEL

(Plate 47, fig. 2)
1956 Nokt, p. 318, pl. 2, fig. 5.
1968 STRADNER, ADAMIKER & MARESCH, p. 41—42, pls. 40, 41.
1969 BUkRy, p. 43—44, pl. 21, figs. 7—11.

Comments: One typical specimen with § radial arms and the typical
Stephanolithion processes was found in the Gebel Tarbouli material.

Vekshinella aachena Bukry

(Plate 40, figs. 2, 3}
1969 Bukry, pl. 53, pl. 31, figs. 1—e6.

Comments: Ends of central cross widely flaring. Cross in axial
direction, without central stem.

Vekshinella cruciata (NOEL) nov. comb.

{Plate 40, figs. 1, 4}
1958 Nosw, p. 162, pl. 1, fig. 3. Discolithus cruriatus,
1965 REINHARDT, p. 39, pl. 3, fig. 3. Stanrolithites cruciatus.
1968 Percu-NIELSEN, p. 26, pl. 2, fig. 6. St. cruciatus.

Comments: Central cross slightly shifted counterclockwise from the
direction of the main axes, especially the shorter crossbar. The ends of the
crossbars are flaring.

Vekshinella crux (DErLANDRE & FERT) nov. comb,

{Plate 39)

1952 DerLanpRE & FERT, p. 2101, text-fig. 8.

1954 DEerLANDRE & FERT, p. 143, pl. 14, fig. 4, text-fig. 55. Discolithus crux.
1961 BRAMLETTE & SULLIVAN, p. 149, pl. 6, figs. 8—10. Zygolithus crux.
1965 REINHARDT, p. 39, pl. 3, fig. 3. Staurolithites bodhotnicae,

1968 STRADNER, ADAMIKER & MARESCH, p. 36 pls. 28—30. Zygolithus crux.

Comments: The genero-type of the genus Zygolithus KaMpTNER i3
Zygolithus dubius, which by BrLack 1967 was transferred into the genus
Neococcolithes Surkowsky, which only contains Tertiary species. “Zygo-
liths with an axial cross” found in Mesozoic deposits were put into the
genus Vekshinella by LoesLick & Tappan 1963,
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Vekshinella elliptica GARTNER

(Plate 38, figs. 1—4)
1969 GarTNER, p. 30, pl. 25, fig. 26; pl. 17, fig. 5.

Comments: Central structure rhombical, somewhat similar to that of
Discolithus guadriarcullus NogL (1965, p. 74, fig. 7), from which it differs
by a round or rhombical central perforation.

Watznaueria barnese (BLack) PERCH-NIELSEN

(Plate 1, figs. 1—5)
1959 BLack & BAaRNEs, p. 325, pl. 9, figs. 1, 2. Tremalitbus barnesae.
1964 REINHARDT, p. 753, pl. 2, fig. 2, texc-fig. 4.
1968 Percu-NIELSEN, p. 68, pl. 22, figs. 1—7; pl. 23, figs. 1, 4, 5, 6,texe-fig. 32.

Comments: Most common of all cretaceous coccoliths. Its ultrastruc-
ture is easily reduced by recrystallization ox corrosion.
One of the most prolific rockforming fossil species of the world!

Zygodiscus acanthus (REINHARDT) REINHARDT

(Plate 36, figs. 1—4)
1965 REINHARDT, p. 37, pl. 3, fig. 1. Zeugrbabdotus acanthus,
1966 REINHARDT, p. 40, pl. 15, fig. 5; pl. 23, fig. 8.
1969 BUKRY, p. 58, pl. 33, figs. 8—9.

Comments: Rim consisting of an outer dextrally imbricate cycle with
radial sutures and an inner cycle with strongly dextrally inclined crystals.
Transversal bridge with stem.

Zygodiscus spiralis BRAMLETTE & MARTINT

(Plare 33, figs. 1—4)
1964 BRAMLETTE & MARTINI, p. 303, pl. 4, figs. 6—8.
1968 GARTNER, p. 35, pl. 5, figs. 21; pl. 7, fig. 3.
1969 Bukry, p. 61, pl. 36, figs. 1, 2. Zygodiscus sp. off. Z. sigmoides.

Comments: According to GARTNER a radiant arrangement of the rim
elements is characteristic. Transversal bridge constructed of several rods,
with transversal groove on the proximal side.

Zygodiscus sisyphus GARTNER

{Plate 34, figs. 1—4)
1968 GARTNER, p. 34, pl. 25, fig. 22; pl. 14, fig. 19.
1969 Bukry, p. 61, pl. 36, figs. 3, 4.

Comments: Elliptical “zygodiscs” with dextrally imbricating rim
elements and slanted sutures. Central bridge broader than in Z. spiralis.
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Zygodiscus tarboulensis nov. spec.
(Plate 37, figs. 1—3, 4, text-fig. 5)

Holotype: EM no. 1135 (fig. 2); paratypes: EM no. 443, EM no. 1147
(figs. 1, 3).

Type locality: Gebel Tarbouli, Egypt, Stat. no. 7—1.

Stratum typicum: Upper Maastrichtian,

Original description: Elliptical “zygodisc” with smooth or slightly ser-
rate rim consisting of 30—50 dextrally imbricated elements. The central
area is bridged by three elements: one transversal low bridge, from which

Fig. 5: Zygodiscus tarbosulensis nov. spec. Schematized drawing of the distal side; magni-
fication appr. ¥ 15.000. Gebel Tarbouli, Egypr.

rises a hollow stem, and two angular structures with arms of different
width, These angles support the central stem with their corners and embrace
less than 90 degrees. They are not symmetrical, but identical after rotation
of 180 degrees. Lines bisecting the angles bypass the central stem and run
abour parallel to the main axis of the elliptical rim. There are six windows
with notches towards the centre, two large ones und four small ones. Also
inversed specimen occur (pl. 37, fig. 4).

Comments; Zygodiscus tarboulensis is closely related to Zygodiscus
macleodae Bukry, from which it differs by the asymmetrical arrangement
of the central structure and by the sharp notches of the framed per-
forations. '

Derivatio nominis: Discovered in a sample from the Gebel Tarbouli,

Egypt.
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Zygodiscus theta (BLACK) BURRY

(Plate 35, figs. 1, 2}

1959 Brack & BARNEs, p. 327, pl. 12, fig. 1. Discolithus theta.
1969 Bukry, p. 62, pl. 36, figs, 7, 8.

Comments: Rim and bridge of this species are more slender than in
Z. sisypbus. Tt differs from Z. acanthus by the lack of the inner crystal cycle
(compare pl. 36).

Zygolithus cf. diplogrammaus DEFLANDRE

{Plate 35, fig. 4)

1954 DEeFLANDKRE, in DEFLANDRE & FERT, 1. 148, pl. 10, fig. 7, text-fig. 57,
1968 STRADNER, ADAMIKER & MaREScH, p. 35, pl. 27, fig. 1.

Comments: The single specimen with the partly developed double
bridge, whidh is tentatively included here also might have grown out tnto
an other species with compact transversal bridge (?).

Zygolithus evectus DEFLANDRE

{Plate 35, fig. 3}

1954 DeFLANDRE, in DeranbRe & Fert, p. 150, pl. 15, figs. 14—17, text-figs. 60—62.
1968 STRADNER, ADAMIKER & MaRescH, p. 34, pl. 25 and 26, figs. 1, 2.
1968 Percu-MNIELSEN, p. 21.

Comments: Elliptical rim composed of dextrally imbricated crystal
elements. Transversal bridge of equal width, with central knob.

Possibly Zygosdicus sisypbus can be annexed to this species, as closest
relative.

Zygolithus litterarius (Gorxa) REINHARDT & GORKA

(Plate 41, fig. 1—4)

1957 GoORKa, p. 251, pl. 3, fig. 3. Discolithus litterarius.
1967 REINHARDT & GORKa, p. 249, pl. 33, fig. 7, texc-fig. 4.
1968 STRADNER, ADAMIKER & MARESCH, p. 39, pl. 34.

Comments: Zygolithus litterarius is distinguishable from other similar
forms with x-shaped diagonal central structure by its rim, which consists
of one layer of dextrally crystals plates mainly (distal view). The proximal
side {pl. 41, fig. 4) may show a complicated bortom plare.

Appendix

The following newly-described Marthasterites does not come from
the Maastrichtian, but from the Paleocene of Egypt!
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Marthasterites spineus nov. spec,
(Text-figures 6 and 7 a—d)

Derivatio nominis: spineus = lat. “with spines”.

Holotype: Prep. Ash/63/A (fig. 7 b, ¢).

Stratum typicum: Paleocene.

Locus typicus: Ash El-Mellaha range, Western Red Sea Coast, Egypt
(Esna shale).

Diagnosis: An ortholithic nannofossil consisting of a pair of triradiate
stars, which are united at their centre and shifted by 60 degrees to give the

Gaa

Fig. 6: Marthasterites spinens nov.spec. Schematized drawing; magnification app. X
3000, Ash El-Mellaha range, Western Red Sea Coast, Egypt.

appearence of a regular sixradiate star with arms alternating at different
focus. The arms wear spines directed towards each other at about the middle
of their free length.

Comments: A species of Marthasterites, which in its general appearance
is similar to M. reginus, from which it differs however by the following
features:

a) The spine-like bifurcation of the six free arms is not at their ends,
but at about half of their free length and not very regular. Their is mostly
only one spine, sometimes there are two.

b) the curving of the arms is very slight, the coiling is reversed as
compared to M. reginus.

c) the ornamentation of the central field consists of three ridges, which
are uniting at the centre enclosing angles of 120 degrees. These ridges are
in the same direction as the arms and not shifted 60 degrees as in M. reginus.
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Fig. 7: Marthasterites spineus nov.spec.; different specimens in axial view and in side
view. Holotype from Prep. Ash 63/a at higher focus (fig. b) and at lower focus (fig. c}.
Sample: Ash El-Mellaha range, Esna shale, Western Red Sea Coast, Egype.

10. Conclusions

The results reached by the authors in this study are presented in brief
in the following.

1. A nannoplankton zonation is recognised for the uppermost Creta-
ceous and the early Tertiary of the Gulf of Suez region and the Red Sea
coast, Egypt. The biozones met with are:

top a) Discoaster binodosus zone
b)Y Marthasterites conrortus zone
¢) Marthasterites spineus zone
d) Discoaster multiradiatus zone
e) Heliolithus riedeli zone

2, The lithostratigraphic units assigned to the Upper Cretaceous-Lower
Tertiary exposed along the western side of the Gulf of Suez and the Red
Sea are proved here to become younger toward the south. This is well
demonstrated by the Tarawan Chalk rock unit: while it has a nanno-
plankton assemblage typical for the Upper Maastrichtian in the north at
Gebel Tarbouli, its nannofossil content in the south at Gebel Duwi gives a
Lower Landenian age.

3. A hiatus is recorded and represents the missing of the whole Danian
and most of the Landenian in Gebel Tarbouli at the contact between the
Tarawan Chalk and the Esna Shale, though field observations of this con-
tact suggest that the sedimentation was unintermittent. This break in Sedi-
mentation may explain the reduced thickness of the Esna Shale (10 m.) at
the Gebel Tarbouli.

4. A list of the nannoplankton species of the Tarawan Chalk of Gebel
Tarbouli is given together with a documentation of their microphotographs
in addition to those of the Russian material (plates 1 to 50).

5. It is found that the Russian and the Egyptian Upper Maastrichtian
could be easily correlated by means of their coccolith contents, in spite of
the wide geographical separation of the two localities.

6. Tt has been established that the Egyptian section Gebel Tarbouli
lies outside the Nephrolithus frequens domain, while the Russian localicy
falls within the high latitudes of Nepbrolithus freguens domain (compare
MarTIN 1970).
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7. The genus Pontosphaera, so far not known older than the Focene,
is recorded here for the first time in the Upper Maastrichtian of the Gebel
Tarbouli, Egypt.
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PLATE 1
Watznaueria barnesae (BLack) PERCH-NIELSEN
Distal view (USSR} **)
Proximal view (USSR}
Oblique discal view ({USSR)
Distal view (UAR) *)
Proximal view {(UAR)
*) (UAR) stands for Gebel Tarbouli, Gulf of Suez Region, Egypt.
#*) (USSR} stands for Sinev-Shuravnin Deep Drilling, Dnjepr-Donetz Region, USSR
(core at 278—279 meter). Sample from the collection of the Oceanographic Institute at
Moscow.
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PLATE 2
Biscutum constans (Gorga) Brack
1 Distal view (USSR)
2 Proximal view (USSR)
3 Oblique proximal view (USSR)
4 Two distal views {(UAR)
PLATE 3

Biscutum restudinarisem BLACK
I Distal view (USSR)
2 Proximal view (USSR)
Markalius inversus (DXEFLANDRE) BRAMLETTE & MaRTINI
3 Distal view {USSR)
4  Proximal view (USSR}
PLATE 4
Biscntum testudinarinm BLACE
1 Fragmentary coccosphere, internal view {USSR)
Watznaneria barnesae (BLack) PERCH-NIELSEN
2 Complete coccosphere (USSR}
PLATE 5
Arkbangelskiella cymbiformis Vexsuma
1 Distal view (UAR)
2 Marginal rim, proximal side {UAR)
3 TPores of central area (UAR)
PLATE 6
Arkhangelskiells cymbiformis VERsHINA
1 Distal view (USSR}
2 Proximal view (USSR}

PLATE 7
Arkbangelskiella cymbiformis Vexsmina
1 Obligue proximal view (USSR)
2 Obligue proximal view (USSR}

PLATE 8
Kampinerins magnificns DEFLANDRE
1 Distal view {USSR)
2 Proximal view (USSR}

PLATE 9

Kamptnerius magnificus DEFLANDRE
1 Distal view of coccolith with open central area (USSR}
2 Proximal view of similar specimen (USSR}

PLATE 10
Kamptnerius magnificns DEFLANDRE
1 Oblique proximal view (USSR}
2 Oblique proximal view {USSR)
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PLATE 11
Kamptnerins magnificus DEFLANDRE
1 Qblique distal view (USSR)
Kamptnerius percivalii BUKRY
2 Distal view (UAR)
PLATE 12

Polypodorbabdns crenulatus (BRAMLETTE & MARTINI) nov. comb.
1 Ihstal view (USSR)
2 Distal view {UUSSR)

PLATE 13

Polypodorbabdus crenuiatus (BRAMLETTE & MARTINI) nov. comb.
1—3 Distal views (USSR)
4  Proximal view (UAR)

PLATE 14
Polypodorbabdus pienaari nov, spec.
1 Distal view (UAR)
2 Oblique distal view (UAR)
3 Distal view (UAR)
4 Discal view of holotype (UAR)
PLATE 15

Polypodorbabdus schizobrachiatus (GARTNER) nov, comb.
1—3 Distal views (UAR)

PLATE 16

Podorbabdus granalatus (REmuARDT) BUKRY
1—3 Distal views (UAR)

PLATE 17

Podorbabdus dietzmanni (REINHARDT) REINHARDT
1 QOblique distal view {UAR)
2 Proximal view (UAR)

PLATE 18

Prediscosphacra cretacea (ARKHANGELSKY) GARTNER
1 Distal view (USSR}

2 Proximal view (USSR}

4 Oblique distal view (USSR)

Prediscosphaera sp.

3 Distal view (UAR)

PLATE 19

Transitional forms between Prediscosphaera cretaced (ARKHANGELSKY) GARTNER
and P. spinosa (BRAMLETTE & MarTINI) Bukry

1 Distal view (USSR}

2 Distal view (USSR)

Prediscosphaera cretacea {ARKHANGELSKY) GARTNER

3—4 Side views (USSR}

PLATE 20

Prediscosphaera spinosa (BRAMLETTE & MarTINI) BUKRY
1—2  Distal views (USSR)
3—4 Proximal views (USSR)
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PLATE 21
Prediscosphaera sp.
1 Distal view (USSR}
2—4 Dastal views (UAR)
PLATE 22
Prediscosphaera stoveri PERCH-NIELSEN
1 Distal view (USSR)
Prediscosphaera bonjoi Bukry
2 Distal view (UAR)
3 Distal view {UAR)
4 Proximal view {UAR)
PLATE 23
Abmuellerella octoradinta (GORKAY REINHARDT
1 Distal view (USSR)
2  Distal view (USSR)
3 Oblique distal view (USSR)
4  Proximal view (USSR)

PLATE 24
Reinhardiites mirabilis PErRcH-NIELSEN
1—3 Distal views (USSR}
4 Distal view (UAR)
PLATE 25
Reinbardiites mirabilis PERCH-NIELSEN
1—2 Oblique proximal views (USSR}
3—4 Proximal views (USSR)
PLATE 26
Rbagodiscus plebeius PERGH-NIELSEN
1—2 Distal views (USSR}
3—4 Proximal views (USSR)
PLATE 27
Rbagodiscus plebeins PErcH-NELSEN
1—2 Distal views (USSR)
Rbagodiscus sp.
3 Distal view (UAR}
4 Proximal view (USSR}
PLATE 28
Nephrolithus frequens Gorga
1—3 Distal views (USSR)
PLATE 29
Nephrolithus frequens Gorka
1—3 Proximal views (USSKR)
PLATE 30

Cribrosphaerella laughtoni (BLack) Buxry
Distal view (USSR)

Distal view {US5R)
Same specimen, ¢lose-up of central area (USSR)

PLATE 31
Cribrosphaerella laughtoni (BLack) Bukry
1 Distal view (USSR}
2—3 Proximal views (UUSSR)
4 Oblique proximal view (USSR)

ER N Sl

Centre of same specimen in larger magnification (USSR)



PLATE 32
Cribrosphaerella numerosa (Gorea) REINHARDT & GORKA
¥ Distal view (UAR)
2 Central area of same specimen in higher magnification (UAR)
Rhabdolithina splendens (DEFLANDRE) REINHARDT
3 Proximal view (UAR)
4 Side view of shaft (UAR)

PLATE 33
Zygodiscus spiralis BRAMLETTE & MARTIN
1 Distal view (USSR}
2 Distal view (UAR)
3—4 Proximal views {USSR)

PLATE 34
Zygodiscns sisyphus GARTNER
1—3 Distal views (USSR)
4 Proximal view (USSR)
PLATE 35

Zygodiscus theta (BLack) Bukry

1 Distal view (USSR)

2 Oblique distal view {UJSSR)
Zygolithus erectus DEFLANDRE

3 Distal view (UAR}

Zygolithus cf. diplogrammus DEFLANDRE
4 Proximal view (USSR)

PLATE 36
Zygodiscus acanthus (REINHARDT) REINHARDT
1—3 Distal views (USSR)
4 Proximal view {UUSSR)

PLATE 37
Zygodiscus rarboulensis nov. spec.
1 Distal view (paratype) (UAR)
2 Distal view (holotype) (UAR)
3  Distal view (paratype) (UAR)
4 Distal view of partly inversed specimen (UAR)

PLATE 38
Vekshinella elliptica GARTNER
1 Distal view {?) (UAR)
2—4 Proximal views {(UAR)
PLATE 39

Vekshinella crux (DEFLANDRE & FERT) nov. comb.
1—2 Distal views (UAR)
3—4 Proximal views (UAR)

PLATE 40
Vekshinella cruciata {NOEL) nov. comb.
! Diszal view {USSR)
4 Proximal view (USSR)
Vekshinella aachena Bukry
2—3 Distal views (USSR}
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PLATE 41
Zygolithus litterarins (GORKA) REINHARDT & GORKA
1—3 Distal views (UAR)
4 Proximal view {UAR)

PLATE 42
Eiffellithus sp. Heavily fossilized specimens
I Distal view (UAR)
2z Distal view (USSR}
3—4 Proximal views (USSR}

PLATE 43
Eiffellithus trabeculatus (Gorka) REINHARDT & GORKA
2 Distal view {US5R)
Eiffellithus anceps (Gonxa) REINHARDT u GORKA
land 4 Distal views (IJS5R)
3 Distal view with double carbon coating in rim arca (USSR}

PLATE 44
Liffellithus anceps (Gorra} REINHARDT & GORKA
1-—2 Distal views (USSR}
3 Proximal view (USSR)
4 Oblique distal view (USSR}

PLATE 45

Cylindralithus serratis BRAMLETTE & MARTINI
1—4  Axial views (UAR)

PLATE 46
Corollithion exignum STRADNER
1and 4 Distal views (UAR)
2and 3 Proximal views (UAR)

PLATE 47

Cerollithion exigunm STRADNER

1 Distal view (UAR)

Stephanolithion laffirei NozL

2 Proximal view (UAR)

Corollithion rhombicum (STRADNER & ApAmMIRER) Bukry
3 Distal view (UAR)

PLATE 48
1 Unidentified globular body with pore (UAR)
Pontosphaera multicarinata (GARTNER) nov. comb.
2 Plan view in light microscope, crossed nicols (UAR)
3 Distal side wich spiral sutures (electronmicrograph) (UAR)

PLATE 49

Lithraphidites guadratus BRAMLETTE & MARTING
1—2 Side views (UAR)
3 Side view (USSR}

PLATE 50

Micula seanrophora (GARDET) STRADNER
1—4 Oblique views of more or less tilted specimens (UAR)
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An Upper Maestrichtian Foraminiferal Fauna from
Dorfles, Lower Austria

By SHamran K. AL-SHalsANT #)

With 3 plates

Abstract

This paper deals with the description of Upper Maestrichtian fora-
minifera. The foraminifera are picked up from one sample taken from
marles in crevasses and fissures of Upper Tithonian of Ernstbrunn Lime-
stone, quarry at Dorfles. 18 species have been found in this locality which
have stratigraphic value for age determination; 37 genera which have long
stratigraphic range have been identified too; only those, which have
characteristic morphologic features have been identified to species. Serati-
graphically Dérfles sample seems 1o be closely related to Upper Maestrich-
tian of Michelstetten due t0 many common species in both areas.

Introduction

During my stay in Vienna from September 9, 1968 ull May 21, 1969
[ have restudied foraminifera of some Upper Cretaceous samples, which
I have collected from different stratigraphic sections in different localities
of Austria during geologic excursions. The ages of these samples range
from Cenomanian to Maestrichtian, Emphasis has been laid on two samples
from Michelstetten section, which belongs to the Waschberg zone, and

from the Gosau beds in Salzburg; both of them have already been swdied
and published,

In this paper I have worked out the sample brought from an old
quarry at Dérfles, Lower Austria, which belongs to Waschberg zone. No
former work has been done on the foraminifera of these matrles, filling cre-
vasses and fissures of Upper Tithonian of Ernstbrunn Limestone. The
purpose of this study is twofold; to find out the age of this filling, which
was thought to be of Upper Tithonian, and to correlate it with one of the
mentioned Upper Cretaceous Sections. I had to limit myself to study one
sample, due to the short time available.

*) Department of Geology, College of Science, University of Baghdad; Baghdad, [raq.
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Systematic Descriptions

Family GLOBOTRUNCANIDAE BroTzen, 1942
Genus Globotruncana CUsHMAN, 1927

Globotruncana arca (CUSHMAN)
(Plate 1, figure 1 a—c)

1926 Pulvinuling arca CuseMaN n. p. — CusHMan, P. 32, PL. 3, Fig. 1 a—c.
1926 Globotruncana arca Cusuman — Hery, P. 65, PL. 7, Fig. 3.
1966 Globotruncana arca CusaMaN — WiLLE- JaNoscHEK, P. 96, PL 5, Fig. 1—6.

Description: Test subcircular, periphery lobate with double keels,
dorsal side convex, ventral side slightly concave. Chambers forming the
iast whorl are six, increasing in size gradually as added. On the ventral
side the umbilical margin of each chamber is with a strong lip, especially
the last. Sutures an the dorsal side are oblique and curved, on the ventral
side forming a loop-shape along with the umbilical lip and the ventral
kee] in each chamber. Almost all sutures are limbate and beaded. Aperture
is not well preserved.

Dimension: Diameter 0.54 mm.; thickness 0.11 mm.
Occurrence; Common,
Range: Lower Campanian-Upper Maestrichtian.

Globotruncana mayaroensis BoLLl
(Plate 1, figure 2 a—c)

1951 Globotruncana mayaroensis BorLt n. sp. — Borwwr, P. 198, PL 35, Fig. 10—12.
1957 Abathomphalus mavaroensis (BoLL) — LoesiicH & Tarpan, P. 43, PL 11, Fig. 1 a—c.
1966 Globotruncana mayaroensis Borur — WiLLe-JanoscHEK, P. 111, PL. 6, Fig. 5, 6.

Description: Test circular with lobate periphery, slightly convex on
dorsal side and concave on ventral side. Six chambers in the last whorl,
they are arranged obliquely to each other. The sutures on the dorsal side
are curved and coarsely beaded, especially on the peripheral part, radial
on the ventral side. The periphery is truncated by two keels, ventral and
dorsal, which are strongly beaded. Aperture is not preserved.

Dimension: Diameter 0.78 mm.; thickness 0.24 mm.
Occurrence: Rare.
Range: Upper part of Maestrichtian.

Globotruncana gansseri BoLL
{Plate 1, figure 3 a—c)
1951 Globotruncana gansseri BoLu n. sp. — Borwi, P. 196, PL. 35, Fig. 1—3.

1963 Globotruncana gansseri BoLur — Van Hinte, P. 72, PL. 3, Fig. 4.
1966 Globotruncana gansseri gansseri BoLLt — SALAJ-SAMUEL, P. 206, PI. 22, Fig. 1, 2a, b, c.
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Description: Test semicircular, flat on dorsal side and inflated on
ventral side, Chambers forming the last whor]l are five in number
surrounding the umbilicus. The sutures on the dorsal side are curved and
finely beaded, ventrally radial and depressed. A very prominent beaded
keel separates the flat dorsal side from the inflated ventral side. The
periphery is slightly lobate. The wall of the ventral side is slightly rough
and spiny. Aperture Is not preserved.

Dimensien: Diameter 0.27 mm.; thickness 0,100 mm.
Qccurrence: Rare.
Range: Maestrichtian.

Genus Rugoglobigerina BRONNIMANN, 1952

Rugoglobigerina petaloidea petaloidea GANDOLFI
{Plate 1, figure 4 a—c)

1962 Rugoglobigerina petaloidea petaloidea Ganporrr — Herm, P. 59, PL. 2, Fig. 5.

Description: Test small, convex on dorsal side, concave ventrally
with deep umbilicus, Four chambers on the final whorl, stout and com-
pressed except the last, which is inflated to a certain extent. All chambers
are covered by very fine pustules, the peripheral part is covered with fine
spines. The periphery is petaloid with faint keel. Aperture is an interio-
marginal low arch facing the umbilicus. This form has certain similarities
with Globotruncana citae.

Dimension: Diameter 0.30 mm.; height 0.14 mm,
Occurrence: Rare.

Rugoglobigerina rugosa rotundata BRONNIMANN
{Plate 2, figure L a—<)

1957 Rugoglobigering ragosa rotundata BRONNmAaNN — LOEBLICH & Tarpan, P. 43, P1. 11,
Fig.2a—5¢,
1962 Rugoglobigerina rugosa rotundata BROnnMann — Herwm, P, 61, PL. 3, Fig. 4.

Description: Test trochoidal in early stage, tending to be planispiral
in later stage, subcircular, biconvex and umbilicate. In side view chambers
are slighty elongate, five in the last whorl. Sutures are depressed and radial
on ventral side, Periphery rounded and lobate. Wall covered by numerous
papillae, which give the typical rugose appearance, Aperture is a low arch
at the base of the last formed chamber facing the umbilicus,

Dimension; Diameter 0.35 mm.; thickness 0.24 mm.
Occurrence: Common.
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Family BULIMINIDAE Jones, 1875
Genus Reussella GaLLoway, 1933

Reussella szajnochae szajnodhae (GRZYBOWSKI)
{Plate 2, figure 2}

1896 Verneuilina szajnochae — Grzypowskl, P, 287, PL 9, Fig. 19a,b.
1929 Bulimina limbata n. sp. — Wurts, P. 48, P1. 5, Fig. 9.

Description: Test triangular in cross-section, has a general pyramidal
shape with slightly curved edges. Chambers are clearly visible except the
early ones, which are hidden by the backward projection of the later
sutures, numerous and deeply excavated, due to the raised and twisted
sutures. Sutures form prominent raised and twisted ridges. Aperture
semilunar, situated at the base of the last formed chamber.

Dimension: Length 0.68 mm.; breadth 0.49 mm.
Occurrence: Rare.
Range: Part of Campanian and Maestrichtian.

Genus Bultmina DORBIGNY, 1826

Bulimina arkadelphiana Cusman & PARKER
(Plate 2, figure 3}

1946 Bulimina arkadelphiana CusuMan x Paxker — CusHman, P. 124, Pl, 52, Fig. 3, 4.

Description: Test spindle shape, tapering towards the proloculus.
Number of whorls five. Chambers are numerous, not visible in early stage,
Jater chambers are distinct and inflated. Sutures are distinct and deep.
Except for the last three chambers, all covered with fine ridges, which are
projecting as sharp spines at the margins of the chambers, especially in the
early stage. Wall finely perforated. Aperture loop-shaped, situated at the
side of the last formed chamber.

Dimension: Length 0.57 mm.; diameter 0.35 mm,
Occurrence: Common.

Family BOLIVINITIDAE CusuMan, 1927
Genus Bolivina D’OrBiGNY, 1839

Bolivina incrassata gigantea WICHER
(Plate 2, figure 5)

1962 Bolivina incrassata gigantea Wicter — HILTERMANN & KocH in Leitfossilien der
Mikropaliontologie, PL. 312, P1. 19, Fig. 51.

Description: Test stout, elongate, oval in outline, maximum breadth
on the middle of the test, periphery is rounded. Chambers are biserial, six
pairs, increasing gradually in size, slightly bending towards the proloculus.
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Sutures are flush and curved. Wall smooth with fine perforations. Aperture
elongate, oval with slight lip located on the side of the last formed chamber.

Dimension: Length 1.2 mm.; breadth 0.64 mm.; thickness 0.36 mm.
Occurrence: Rare,
Range: Maestrichtian.

Bolivina incrassata incrassata REUSS
{Plate 2, figue 4}

1899 Bolivina incrassata Reuss — EGGER, P 45, PL. 16, Fig. 4, 5.
1946 Boliving incrassata REuss — CusHmMan, P. 127, Pl. 53, Fig. §—11.
1966 Bolivina incrassata incrassata REuss — Savaj-Samuer, P. 138, PL 2, Fig. 4 a, b.

Description: Test stout, moderately compressed, increasing in breadth
gradually toward the aperture so that maximum breadth is near the
aperture, periphery is rounded. Chambers are biserially arranged, eight
pairs, gradually increasing in size, slightly bending toward the proloculus.
Sutures are flush and curved. Wall smooth with fine perforations. Aperture
elongate, oval with slight lip on the side of the last formed chamber.

Dimension: Length 0.62 mm.; breadch .19 mm.; thickness 6.10 mm.
Occurrence; Rare.
Range: Upper Campanian and Maestrichtian.

Genus Bolivinoides Cusuman, 1927

Bolivinoides draco draco Marsson
{Plate 2, figure 6)

1951 Bolivinoides draco draco Marsson — Norw, P, 63, PL 9, Fig. 10.
1957 Bolivinoides draco Marsson — LoesLicH & Tarpan, P. 145, PL. 33, Fig. 14—16.

Description: Test stout, rhomboidal, breadth and thickness increasing
toward the aperture, periphery weakly carnated. Chambers are biserial
throughout; curved toward the proloculus, increasing in size as added.
Sutures are oblique and curved backward. Surface ornamentation consists
of two nearly parallel median ridges, from which oblique secondary ridges
branch toward the peripheral smooth surface. Aperture is a slit at the base
of the last formed chamber.

Dimension: Length 0.38 mm.; maximum breadth 0.36 mm.; thickness
C.17 mm.

Occurrence: Common.

Range: Maestrichtian.

Bolivinoides peterssoni BROTZEN
(Plate 3, figure 1)
1957 Bolivinoides peterssoni Brorzen — Horker, P. 253, Abb. 305, 312,
1962 Bolivincides peterssoni BroTzEN — HiwTeRMAnN = KocH in Leitfossilien der Mikro-

paliontologie, P. 317, PL. 50, Fig. 16.
1966 Bolivinoides peterssoni BROTZEN — SavLal-Samusr, P. 140, PL 28, Fig. 1—2.
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Description: Test stout, elongate, rhomboidal in outline, the thickest
portion along the median line. Chambers arranged biserially, narrow and
curved; the upper two or three pairs bearing spines. Sutures are curved
and meet directly with the outer rim in an angle. Test covered with big
sparse and overlapped nodes; very short ridges and fine granuladions. The
two sides of the test are straight, Aperture is loop-shaped.

Dimension: Length 0.52 mm.; maximum breadth 0.32 mm.
Occurrence: Common.
Range: Maestrichtian-Lower Danian.

Bolivinoides paleocenicus BROTZEN
{Plate 3, figure 2)

1957 Bolivinoides paleocenica BroTzEN — Horker, P. 253, Abb, 305,
1962 Bolivinoides paleocenicns BroTzEN — HivtermanN & KocH in Leitfossilien der
Mikropaliontologie, P, 317, PL. 50, Fig. 15.

Description: Test small, thin, rhomboidal in outline, almost as wide
as long, the thickest portion along the median line. Sides in early stage
are slightly vaulted, younger chambers are flat. Chambers are biserially
arranged throughout, slightly curved, ourside the periphery in the form
of short spines, giving 2 jagged appearance of the periphery. Sutures are
slightly raised and curved, they cut the periphery at an angle. Ornamen-
tation as fine granulation throughout the test, the middle portion is covered
by overlapping of very short ridges and nodes. Aperture is loop-shaped
situated at the base of the last formed chamber.

Dimension: Length 0.30 mm.; breadth 0.28 mm.
Occurrence: Common.
Range: Maestrichtian-Lower Danian,

Family ANOMALINDAE CusHman, 1927
Genus Stensioeina BROTZEN, 1936

Stensiveina pommerana BROTZEN
{Plate 3, figure 4 a—c)

1951 Stensioeina pommerana Brorzen — Notn, P. 71, PL 9, Fig. 12,

1957 Stensioeina ponvmerana BrorzeN — HoFKER, P. 353, Abb. 407,

1962 Stensioeina pommerans BrRoTzeENn — HILTERMANN & KocH in Leitfossilien der Mikro-
paliontologie, P. 327, PL. 51, Fig, 11—13.

Description: Test trochoid, subcircular, plano-convex, hemispherical
in shape; dorsal side flat, ventral side highly convex. Umbilicus is filled and
smooth. Eight chambers in the last whorl, increasing in size, the last chamber
is less ornamented than the previous ones. Sutures on ventral side are curved
and flush, whereas on the dorsal side they are strongly raised and show
to a certain extent some regularity with irregular short ridges in between;
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they meet the periphery tangentially to form a continuous peripheral ridge.
Aperture is an interiomarginal low arch.

Dimension: Maximum diameter 0.60 mnt.; minimum diameter 0,48 mm.;
thickness 0.32 mm.

Occurrence: Rare,

Range: Upper Campanian and Maestrichtian.

Family NODOSARIIDAE EHRENBERG, 1838
Genus Neoflabellina BARTENSTEIN, 1948

Neoflabellina aff. numismalis (WeDEKIND)
(Plate 3, figure 5)

1962 Neoflabellina n. sp., aff. numismalis (WepExinD) — FILTERMANN & KocH in Leit-
fossilien der Mikropaliontologie, P. 311, PL 50, Fig. 11.
1963 Neoflabellina aff. numismalis (WEDERWND) — Van Hintg, P. 103, Pl 13, Fig. 4—5.

Description: Test stout, deltoidal, flattened, periphery is truncated by
two keels. Early chambers form a small planispiral portion of the test, later
chambers are narrow, chevron-shaped extending backward on both sides
of the proloculus. Sutures are highly limbate, curved and parallel to the
periphery. Sutures along the median line of the test are divided to many
parts, so that each one confines intersutural areas ranging from two to six
in this sample. Ornamentation as intersutural scattered small nodes,
especially near the periphery. Aperture terminal, rounded and smooth,

Dimension: Length 1.2 mm.; breadth 0.8 mm.; thickness 0.16 mm,
Occurrence: Rare.
Range: Upper Campanian-Maestrichtian.

Neoflabellina reticulata (REUSS)
{Plate 3, figure 6)

1929 Flabellina reticulata REUss — WHITE, P. 204, PL. 28, Fig. 15.

1946 Palmula reticalata (REuss) — Cusuman, P, 84, PLL, 31, Fig. 1—é.

1962 Neoflabellina reticulata (REuss) — HILTERMANN & KocH in Leitfossilien der Mikro-
paliontologie, . 309, PL. 50, Fig. 13, 14.

Description: Test deltoidal, flattened, periphery is truncated, Early
chambers form a small planispiral portion of the test, later chambers
chevron-shaped, extending backward on both sides toward the proloculus.
Sutures are limbate and very distinct, inbetween covered by an incomplete
mesh of parallel raised ridges, which are at right angles to the sutures.
Aperture is rounded a the end of a short neck.

Dimension: Length 0.91 mm.; breadth 0.57 mm.
Occurrence: Rare.
Range: Maestrichtian.

Jahrb, Geol. B.-A., 1571, Senderband 17 11
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Family HETEROHELICIDAE CusHMAN, 1927
Genus Planoglobulina Cusuman, 1927

Planoglobulina acervulinoides (EGGER)
{Plate 3, figure 3)
1902 Gimbelina acervalinoides n. sp. Eceir — FocEr, P. 36, Fig. 14, 15, 16, 17, 18, 20,
21, 22

1946 Planoglobulina acevvulinoides (Bccrr) — Cusuman, P. 111, Pl 47, Fig. 12--15.
1966 Psendotextularia acervulinoides (EcGER) — WILLE-JANOSCHEE, P. 119, PL 8, Fig. 8.

Description: Test compressed, fan-shape and perforated. Chambers
are subglobular, early stage is biserially arranged, later stages are scattered
in one plane, Wall is ornamented by fine striations, they are well developed
in early stage. Sutures are distinct and depressed. Planoglobulina is similar
to Ventilabrella, but in Planoglobulina the early stage is much thidker than
the early stage of Veniilabrella.

Dimension: Length 0.40 mm.; breadth 0.35 mm.; thickness 0.16 mm.
Occurrence: Rare.

In addition to the species described here in detail, the following
genera and species were found too in the Upper Maestrichtian of Dbriles:

Ammodiscoides sp. Globorotalites sp.

Ammodiscas sp. Gavelinella sp.

Trifarina sp. Gaudryina sp.

Asterigerinoides sp. Lenticalina sp.

Allomorphina sp. Lagena sp.

Bulimina sp. Marginulina sp.

Cibicides sp. Marssonella sp.

Cibicidoides sp. Nodosaria sp.

Clavulinoides sp. Pseudoglandulina sp.

Dorothia sp. Plesrostomella sp.

Dentalina sp. Ramulina sp.

Eponides sp. Saracenaria sp.

Eggerella sp. Stilostomella sp.
Ellipsoglandulina sp. Aragonia velascoensis CUSHMAN
Frondicularia sp. Biglobigerinella barri BoLLr, LOEBLICH &
Glomospira sp. TAPPAN

Hedbergella sp. Marssonella oxycona REuss
Gyroidina sp.
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PLATE 1

Figs. 1 a—c. Globotruncana arca (CusHMan). 1a, Dorsal view; 1b, side view; 1¢, ventral
view. .

Figs. 2 a—c. Globotruncana mayaroensis Bowrl. 2a, Dorsal view; 2b, side view; 2¢,
venteal view,

Figs. 3 a—c. Globotruncana gansseri Borut, 3 a, Dorsal view; 3b, side view; 3¢, ventral
view.

Figs. 4 a—c¢. Rugoglobigerina petaloidea petaloides GANDOLEL 42, Dorsal view; 4b, side
view; 4 ¢, ventral view.
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PLATE 2

Figs. 1 a—c. Rugoglobigerina rugosa yotundata BROWNIMANN. 12, Dorsal view; 1b, side
view; 1 ¢, ventral view.

Fig. 2. Reussellz szajnochae szainochae (GRZYBOWSEI).

Fig. 3. Balimina arkadelpbiana CusHMAN & PARKER.

Fig. 4. Bolivina incrassata incrassata REUSS.

Fig. 5. Bolivina incrassata giganteq WICHER.

Fig. 6. Bolivinoides draco draco Marsson.
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PLATE 3

Fig. 1. Bolivinoides peterssoni BROTZEN.

Fig. 2. Bolivinotdes paleocenicus BROTZEN.

Fig. 3. Planoglobuling acervalinoides EGGER.

Fig. 4a—c. Stensioeina pommerana BROTZEN. 4 a, Darsal view; 4 b, side view; 4¢, ventral
Tiew.

Fig. 5. Neoflabellina, aff. numismalis (WEDEKIND).

Fig. 6. Neoflabellina reticulata (Rruss).
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Contribution to the Geology of the
Area around Ober-Meisling (Krems Valley)

By G. O. KsssE #)

With 3 figures and 2 tables

Abstract

Thirteen working days were spent in the field mapping on the scale
of 1:10,000 and the collection of 55 rock samples from a 6.74 square
kilometres of land around Ober-Meisling (Krems Valley) located on the
Moldanubian Series at the southern part of the Bohemian Massive and
just 18 kilometres north of Krems, Lower Austria.

The main rodks encountered here are the highly folded, garnet, biotite
and sillimanite rich paragneisses which are invaded by irregularly out-
cropping bodies and intercalations of amphibolites, calc-silicate gneisses,
marbles, dioritic intrusions, linear dykes of lamprophyre, migmatites,
pegmatitic and aplictic gneisses.

The presence and the abundance of hornblende, plagioclase, garnet
and sillimanite in these rodks are all pointers to the typical mode of
occurrence of high grade zone of amphibolite facies.

Most of these rocks are folded on large scale but the pronounced
structural feature is the marked NE-SW regional trend with dips generally
towards the SE.

The age of these rodks is almost earliest Proterozoic and the origin
is of metamorphosed geosynclinal basin of pelitic material with occasional
limestone layers.

Emphasis has been placed on the descriptive petrography of the rocks
of this area since this has been the primary aim for the mapping of this
particular area.

Introduction

Purpose

The geological mapping around Ober-Meisling on the Krems, Lower
Austria, was undertaken as part of an eight-month post graduate further
training of geologists from developing countries in Vienna, Austria. In this
particular training, the curriculum is designed to cover the study of
petrology of metamorphic and intrusive rocks and related problems. The
main aim of this training is for Austrian geologists to impact some of
their knowledge and experience to their fellow scientists from these various
countries by assisting them, not only to accurately map an area and collect

#) Authors adress: G. O. Kgsse, Geological Survey, Kumasi, Ghana.
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field data, but also to help them in correct assessment and interpretation
of the data so collected. Emphases are placed on laboratory work and
exercises during which time, apart from the ordinary examination of rock
in thin section with polarizing microscope, universal stage methods for
detailed examinations of rock sections and petrofabric analytic methods
are taught. The laboratory work is also supplemented by specialized
lectures of such-like topics as rock-forming minerals, feldspar investiga-
tions, geochemistry, ore-microscopy. X-ray methods which are geared to
assisting the participant in his training programm in Austria and the sub-
sequent utilization of the knowledge so acquired in the parucipant’s own
work in his home country.

The present work is the final report of this eight-month course which
has been prepared under the guidance of our Austrian colleagues. Even
though the report on the whole concerns the geology of the Krems Valley
area around Ober-Meisling, understandably, emphasis has been placed on
the petrography of the rocks in this area inasmuch as the whole course
has been directed to this end.

It is also hoped that this work will contribute to the geological
knowledge of this part of the Bohemian Massive.

Locality

The village of Ober-Meisling, with an estimated population of 500
people, is situated directly on one of the numerous bends on the Krems
stream and is located almost at the centre of the mapped area (see Fig. 1)
which lies between 48° 27’ 18” North latitude and 15° 26’ 30" and
15° 28" 18" Eeast longitude. The mapped area is almost 6.74 square
kilometres in area.

It is easily reached from Vienna by driving west to St. Pélten (63 km)
then north to Krems-on-the Danube (28 km) and finally northwest to
Ober-Meisling (18 km) through the villages of Senftenberg and Unter-
Meislng.

The only settlement of any significance in the mapped area is the
village of Hohenstein which is about 4 km southwest of Ober-Meisling.

Fieldwork

The geological mapping of this area was started on the 9th of October,
1969 after 2 days of introductory geological excursions in the area and its
environs. The fieldwork was completed on the 23rd of October, 1969.
Thirteen days were but spent in the actual field mapping and the collections
of 55 rock samples (see Fig. 1).

The mapping of the area was based on the scale of 1 : 10,000 or 1 cm.:

100 metres. Rock exposures were excellent especially along road cuttings
and stream valleys and good fresh rock samples could be easily collected.
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Physical features

Most of the mapped area is pine-forested hilly country ranging in
height from 350 to 567 metres (see Fig.2). Prominent hills in the area
include Hulm (519 metres high) Wachtberg (540 metres) and Steinberg
(567 metres) (see Fig. 1). These hills are often covered with soil or weathered
products of the rock and decayed vegetation and not much geology could
be observed except in places which have been cut down to make way
for farms.

The only stream of any significance is the Krems which enters the
mapped area from the west through the village of Hohenstein, meanders
eastwards through the villages of Ober-Meisling, bisecting the mapped
area into almost two parts. In certain portions of its bank, it is often
bounded by steep cliffs whilst in other places there are flat plains and
terraces intensively cultivated for vegetables.

The valleys separating the hills are steep and sometimes contain some
water. In these valley, deeply weathered rocks, mostly covered with vegeta-
tion are common and these rocks could easily be studied.

Previous work

Probably, many Austrian geologists might have worked in this area
but it would suffice to mention that F, Beckg, F. REmnpoLD and L. WaLp-
MANN have done some geological work in this area.

Of late, A. MaTura has been mapping this area although his work
is yet to be published.
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Fig. 2: Cross sections. Position see Fig. 1.

Geology and Petrography
General Geology

The rocks encountered in the mapped area are part of the variegated
series of the Moldanubian Zone of the southeastern part of the Bohemian
massive. The most prevalent rocks are the highly folded paragneisses which
in turn are invaded by irregularly outcropping bodies and intercalations
of amphibolites, calc-silicate gneisses, marbles, small dioritic intrusive
bodies, lamprophyric dykes, migmatites, pegmatitic and aplitic gneisses.

¢ paragneisses are rather uniform in composition with the main
constituents being quartz, oligoclase-andesine and biotite. In certain
localities, garnet, sillimanive, alkali feldspar and cordierite are present.

Greyish to dark green amphibolites are rather widespread within
these gneisses and are in intimate association with the gneisses. White or
greyish marbles with varying amounts of impurities are also found.
Sometimes, the silica minerals prevail and calc-silicate gneisses result,

A great deal of granitization or migmatization and general intrusion
of granite rocks have taken place within the paragneisses. Dykes which are
lamprophyric in character, as well as dioritic intrusives, do occur.

Quarternary deposits, consisting mainly of gravel, sand and alluvium
derived from weathered rodks and deposition by the meandering Krems
often cover the rocks. The most interesting deposit however is a thick
deposit of loess found in the neighbourhood of Ober-Meisling (see Fig. 1).

The rocks have a general trend of northeast-southwest or northsouth
strike with dips to the southeast and east. Most of the rocks are foliated
with minerals like mica and sillimanite conspicuously oriented in planes
and lines presumably as a result of directed pressure during metamorphism.
Apart from the foliation which could be observed, these rocks are also
prominently folded.
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According to SvoBopa (in Svopopa et al, 1966), the age of these
rocks is generally regarded as a Pre-Cambrian, most probably, Early
Proterozoic or Late Archean and were affected by intense pre-Palaezoic
metamorphism. Numerous bodies of Variscian igneous rocks which later
intruded these rocks resulted in the formation of migmatites and also of
cordierite bearing gneisses.

A geological succession for the entire area is presented in Table 1,
with the youngest rocks at the top of the table.

Table 1. Geological Succession.

Recent: Superficial deposits i. e. gravel, sand, silt, clay and loess
Intrusives: i. Lamprophyte

ii. Diorite
Moldanubian Zone: i. Pegmatitic and aplitic gneisses

ii. Calg-silicate gneiss

iii. Marble (a) Calcitic
(b) Dolomitic

iv. Amphibolite

v. Paragneiss

Petrography

Paragneiss

About 80 per cent of the mapped area is underlain by highly folded
paragneiss. These rocks actually form the bulk of the hills around Ober-
Meisling and its environs, excellent exposures of which can easily be seen
abounding the stream in the centre of this village and also at the northern
side of the road cut located at about 2.3 kilometres west of Ober-Meisling
on the Ober-Meisling-Hohenstein road.

These gneisses vary from the very fine-grained to medium-grained
in texture. In colour, they vary from greyish-brown to dark brown. In
some places, they are weakly, but at times, strongly migmatized. These
gneisses commonly show strong compositional banding i. e. have a hetero-
genous structure with light layers (mainly composed of plagioclase feldspar)
alternating with dark bands rich in biotite.

Tt is possible that most banding is inherited from original banding or
bedding in the sediments and have been accentuated by subsequent meta-
‘morphism, The gneisses on Steinberg at the southwestern part of the
mapped area; in certain places are characterized by excellent schistosity
and those on Felling road are sandy. Some of them are still massive and
structureless when there is not much mica in them.

The gneisses often contain bands of amphibolites, marbles, calc-silicate
gneisses and quartzo-felspathic rich bands. The amphibolites, often are
stretched but some display boudinage structures.

The s-surfaces of these gneisses are not planar but irregular. They
are folded both on small and large scale, and have steep dips. In some
areas, they are almost sub-horizontal and have varying attitudes even
in the same general area.
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The main rock types are the biotite, biotite-sillimanite, biotite-garnet
gneisses. In the neighbourhood of Hulm, there are concentrations of
poikiloblastic garnet in these rodks.

One outstanding characteristic of these gneisses is the monotonous
sameness over large areas proving that, as a rule, metamorphic processes
tend toward homogenization producing rocks more or less uniform both
in structure and in composition.

A typical paragneiss is specimen M. 13 derived from a road-cut at the
extreme northeast corner of the mapped area. This rock can conveniently
be called a biotite garnet gneiss, for in hand specimen, this greyish bladk,
fine-grained rodk is foliated with quartzofeldspathic bands alternating
with garnet crystals scattered throughout the rodk.

Under the microscope, it is made up mainly of biotite, quartz,
plagioclase, alkali feldspar, garnet sillimanite and opaques. These minerals
are in mosaic arrangement with each other except the biotite and the
sillimanite which are in some sort of alignment.

The biotite (25%) which is an iron-rich one occurs as roughly hexagonal
plates showing strong basal cleavage. When fresh, it is light brown in
colour with intense pleochroism. The flakes are in regular leaves and are
oriented parallel to each other thus imparting and confirming the foliation
as observed in these rocks. In certain parts of the section, biotite is seen to
be readily altered into a light green chlorite, first, along the cleavage
boundaries.

Quartz (23—25%) exhibits undulose extinction. It often builds irregu-
lar shaped grains sometimes interstitial to the feldspars but at times lobed
into it in a manner suggesting replacement, Inclusions in the quartz are
ubiquitous and are seen to consist of trains of minute bubbles.

The feldspars (35—40%) are of two kinds i.e. alkali feldspar and
plagioclase. The alkali feldspar-microline (7%) does not display its charac-
teristic twinning but like the plagioclase rather seem to have undergone an
extensive alteration. The amount of plagioclase (35%) in these rocks greatly
exceeds the amount of potassium feldspar, a common characteristic observed
in these gneisses. Universal stage method reveals that the plagioclase has
an anorthite content of 35% i. e, Andesine, Some of the large plagioclase
fields have inclusions of biotite and other accessories such as zoisite.

The garnet (5%) of almandine variety, appears as spongy matrix
anhedra haphazardly scattered throughout the rock. It is highly poikilo-
blastic and porphyroblastic with many inclusions of other minerals
especially quartz. '

Sillimanite (7%) is irregularly distributed as fibres in small bundels
concentrated in discoidal felted masses and elongated in streaks usually
intergrown with quartz or biotite, Some seem to bear no relation to the
direction of schistosity and look like they have been formed late, replacing
biotite. In certain parts of the section, sillimanite is in the process of being
altered to sericite and present a ,fluffy“ outlook.

Opaque minerals include magnetite and reddish brown rutile,

Jaheh, Geol. B.-A., 1971, Sonderband 17 12
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Fig. 3: Orientation diagrams. For descriptive legend see opposite page.
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Specimen M. 41 also a sillimanite-biotite paragneiss taken from the
southern part of Steinberg (see Fig.1) is a fine-grained variety, greyish
green in colour with sillimanite and biotite rich bands defining a foliation.
The whole outcrop is intercalated with quartzofeldspathic rich bands.

The main minerals in these rocks are quartz (30%), biotite (25%),
plagioclase {30%) with An 33 (i. e, andesine) alkali feldspar (6%), garnet
(3%), sillimanite (5%), and accessory kyanite, rutile, zircon and graphite.

The interesting aspect of this rock is its high sillimanite content as
compared with sample M. 13, and the abundance of myrmekite. The zircon
present in biotite is surrounded by pleochroic “haloes” of extremely deep
brown colour and intense pleochroism.

Descriptive legend for Fig. 3:
Diagram 1.

Sample M. 13. Paragneiss {Biotite Garnet Gneiss}).
Orientation diagram for biotite: poles of {001) cleavage in 200 crystals.
Contours at 15%, 12%0, 9%, 6%, 3% per 1% area.

Diagram 2.

Sample M. 43. Paragneiss {Garnet Cordierite Gneiss).
Orientation diagram for biotite: poles of (001) cleavage in 150 crystals.
Contours at 7.5%s, 5%, 2.5%0, 1% per 1%0 area.

Diagram 3.

Sample M. 1. Paragneiss (Biotite Gneiss).
Orientation diagram for quartz. Optic axes of 300 grains.
Contours at 4%, 3%, 20/, 1%/s per 1% area.

Diagram 4.

Sample M. 13. Paragneiss {Biotite Garnet Gneiss).
Ornentation diagram for quartz, Optic axes of 250 grains.
Contours ac 5%, 4%/, 3%, 2%, 1%4 per 1% area.

Diagram 5.

Sample M. 43. Paragneiss {Garnet Cordierite Gneiss).
Orientation diagram for quartz: Optic axes of 200 grains.
Contours at 5%, 4%, 3%0, 2%, 1% per 1% area.

Diagram 6.

Sample M. 46. Calc-Silicate Gneiss.
Orientation diagram for biotite: poles of (001) cleavage in 150 crystals.
Contours at 20%, 15%0, 10%s, 5%, 1% per 1% area.

Diagram 7.

Sample M. 46. Calc-Silicate Gneiss.
Orientation diagram for quartz. Optic axes of 200 grains.
Contours at 5%, 4%/0, 3%, 2%, 1%/s per 1% area.

12*
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Under the ore- microscope, traces of pyrite, often altered to limonite,
could be observed. Ilmenite is 2 common occurrence is both twinned and
involved in a “myrmekitic” intergrowth with garnet. Graphite occurs in
laths and is also intimately associated with garmet. Magnetite is also
present,

Specimen M. 43 is from th southwestern part of the field sheet. The
rock 1s fine- to medium grained in texture, greyish brown in colour and
contains transparent anhedral grains of cordierite showing alteration pro-
bably to muscovite, It occurs inconspicuously among the other constituents
which, as usual, are quartz, alkali feldspar, plagioclase, biotite, garnet,
sericite and accessory rutile, sphene and iron oxides.

Universal stage method used in the determination of the amount of

Anorthite content in the plagioclase of some of these gneisses is set in
Table 2.

Table 2. Anorthite content in paragneisses.

Sample No. Anorthite content
1 33%
2 36%
13 33%0
23 32%0
s 35%,
43 40%
Average: Apgroximately
35%0 i. e. Andesine

The Table indicates that the characteristic plagioclase in these rocks 1s
mainly andesine with an anorthite content of about 35% or Anss.

Orientation diagrams for biotite (0001)-poles in samples M. 13 and 43
(see Fig.3/1 and 2) show that these poles form a well developed girdle
of monoclinic symmetry with distinct singular maxima indicating the
average position of the s-plane-pole, These diagrams proved that the micas
are microfolded and confirms the well developed schistosity displayed by
the biotite in these gneisses.

Otientation diagrams for quartz axes in samples M. 1, M. 13 and M. 43
(see Fig. 3/3, 4 and 5) show that the symmetry of the broadgirdle around
B-axes is triclinic. There is a general under-population around B-axes
co-ordinate in alle the samples, with the maxima near the A-axes. In
sample M. 43 the under populated region in the B-axes is somewhat
inclined to the AB plane.

In conclusion, it could be said that since these samples came from
not too much distant areas, they have a tendency to develop the same
mineralogical features with very minor local variations.

Amphibolites

These rocks occupy about 10 per cent of the mapped area outcropping
mainly in the central and at the eastern parts of Hohenstein and in many
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other localities (see Fig. 1). These are greyish black, fine-grained rocks which
represent the most frequent interlayers and are often in intimate association
with the paragneisses. They form thin and up to several metres thick bodies
in the gneisses and are often stretched or ruptured into pieces with respect
to each other mainly by dilatation.

On top of Wachtberg, the amphibolites are fine-grained, greyish black
rocks and finely lineated with the By, 060/20. They also form boudinage
structures within the paragneisses. Some of these rocks display a crude
foliation but are mostly poorly foliated or hardly at all. They are peculiar
rocks in that they sometimes carry biotite or at least altered product of
biotite. In these biotite carrying rocks, the plagioclase content changes
and although all these amphibolites are in intimate association two main
types can be distinguished, These would be designated as (2) Amphibolite
(in the true sense of the word) and (b) Biotite hornblende gneiss.

(a) Amphibolites

Specimen M. 39 taken from the centre of the mapped area (see Fig. 1)
is a typical amphibolite. It is fine-grained, greyish green in colour, massive
and structureless rock in hand specimen.

Under the microscope, however, it is seen to consist mainly of horn-
blende, diopside, plagioclase, chlorite, sphene, apatite, and opaques.

Hornblende (50%) is the greenish-brown variety, pleochroic from
greenish to brownish green. Some of the grains are pseudomorphic after
pyroxene but for the most part form characteristic prismatic grains with
the grains interfering with each others.

Diopside (15%) is the commonest pyroxene. It is usually roughly
equidimensional and may be subhedral to anhedral in form. Its association
with the hornblende shows clearly that the hornblende follows the pyroxene
or at least there is a replacement for one kind taking place, i. e, a clear
case of uralitization in these rocks.

Plagioclase (20%) occupies large inter-spaces between the other
minerals. It is mostly untwinned and forms even-grained mosaic pattern
with other minerals. This particular specimen has a high anorthite content
of 67% 1.e. Labradorite but these amphibolites on the average contain
about 45% Anorthite 1. e, Andesine.

Chlorite (6%) probably as a retrograde product after biotite, occurs
in erratically disposed flakes and is intergrown with the hornblende and/or
pyroxene, Some of the chlorite could be determined as penninite.

Sphene (5%) in spindle and wedge-shaped forms is irregularly distri-
‘buted in the specimen. Some of the large sphene crystals contain large
inclusions of apatite, are pleochroic from brown to dark greenish brown
and twinned.

Apatite (3%) is a abundant occurring as evhedral prismatic grains and
also as six-sided prisms. It may be colourless but is often bluish and the
crystals are often fractured across by a basal parting.
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Under the ore-microscope, specimen M. 17, also a garnet amphibolite
from the central part of the mapped area contains pyrite, magnetite,
ilmenite, and limonive as products after pyrite.

(b)) Hornblende gneiss

Specimen M. 5 taken from the southern part of Hohenstein is a typical
example of these foliated amphibole-plagioclase rich rocks. It shows banding
with alternating layers of hornblende (50%) and diopside (5%) versus
plagioclase (35%) quartz {8—10%). The diopside is often concentrated
in patches and streaks.

Summary: Near Hohenstein the amphibolites are folded (see
Plate 6) with the fold axis measuring 06° towards the southwest.

The age relationship between the paragneisses and the amphibolirtes
is not always clear in that they are in very intimate association.

Marble

X-ray analyses of the marble specimens collected during the field
work showed that two main types of marbles occur in the area. The first
type 1s mainly calcitic which is found outcropping at the northeastern part
of Ober-Meisling and the second type (Specimen M. 33) is a dolomitic
one found at the extreme southeastern corner of the mapped area. The
marbles occur interbedded with the paragneisses and the amphibolites.

{a) Calcitic marbles

Specimens M. 11, 12, 48, 49 and 51 represent the calcitic marbles.
Some of these marbles can be seen in a small quarry at the northern side
of the road and about 100 metres from the cross at the extreme eastern
parc of the mapped area on Unter-Meisling—Ober-Meisling road. This out-
crop Is about 4 metres thick, has a strike of N 15° W and a dip of 12°
towards the west. It is cut in places by thin bands of amphibolite and calc-
silicate rocks. Ptygmatic veins of quartzofeldspathic material also cut
the marble.

In hand specimen, the marble is massive, greyish white in colour but
sometimes is cut by alternating light brown and reddish bands. The marble
has a sugary or granular texture.

Under the microscope it consists mainly of mosaic pattern of calcite
(909%) grains which are traversed by minute cracks appropriate o the
rhombohedral cleavage of the calcite. In specimen M. 49 which appears
slightly crushed, the grains show twin lamella.

Other mineral associated with the calcite are dolomite (2%), feld-
spar (2%), which 1s altered, quartz (2%), white or pale green diopside
(3%), muscovite (1%) and scapolite. Accessory minerals include magnetite,
sphene and iron-ores.

(b) Dolomitic marble

Specimen M. 33 consists predominantly of dolomite (90%) with minor
amounts of calcite (2—3%) and other minerals such as quartz (3%). feld-
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spar (2%), tremolite (1%), some few crystals of zoisite iron oxides opaque
minerals. The dolomite crystals resemble the calcite crystals both in hand
specimen and under the microscope.

Calc-silicate gneiss

These gneisses are not confined to one locality but are seen often as
scattered boulders especially in the minor stream valleys and also as
disjointed series of rocks both within the amphibolites and the paragneisses.

In general, these gneisses are commonly fine- to medium-grained,
banded and vary from greyish green to deep green in colour. This banding
15 due to inhomogenous, anisotropic distribution of minerals but not to
preferred orientation of these minerals.

Specimen M. 19 derived from the northwestern part of the map is a
diopside-plagioclase rock with a granoblastic texture under the microscope,
it is made up mainly of diopside, plagioclase, carbonate, quartz, chlorite,
epidote which is altered to pistacite,

Diopside (30%) may be white or pale-green in colour and frequently
contains rhombohedral crystals of sphene inclusions.

Plagioclase (35%) is often twinned and shows undulose extinction
when not twinned. Some of the tabular prismatic crystals are partly
corroded as a result of recrystallization of other minerals. Some of the
untwinned crystals have been altered to sericite and kaolinite. Universal
state method revealed that the plagioclase had an Anorthite content of
63% 1. e. Labradorite.

The carbonate (10%) is twinned, rhombohedral in form and is often
distorted or bent. This means that the rock has undergone some cataclastic
effect.

Quartz (15%) forms large composite grains, has undulose extinction
and carries some inclusions.

Most of the dhlorite (87), probably derived from biotite, is the
penninite variety whilst the epidote group is represented by pistacite.

Accessory minerals include sphene, zircon, apatite, and poikiloblastic
garnet, The ore-microscope shows abundant pyrite and limonitic alterations
after pyrite. There are traces of chalcopyrite and ilmenite inclusions in the
garnet.

Specimen M. 46 taken 2 kilometres in the valley just south of Ober-
Meisling—Lechnerkreuz road contains quartz, biotite, plagloclase, garnet,
alkali feldspar. The predominantly quartz grains are set in a mosaic of
other minerals present.

Orientation diagrams for the biotite and quartz (see Fig. 3/6 and 7)
reveal similar orientations for these two minerals as seen in the paragneisses
(refer to Fig. 3/1—5). The only conclusion that can be drawn from these
figures is that since all these rocks come from the same general area, there
is little wonder that they have undergone similar metamorphlc effects in
their mineral orientations.
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Pegmartitic and aplitic gneisses

Within the paragneisses and wsually on top of some of the hills such
as Steinberg, Buchberg and at the southeastern part of Hulm are found these
fine- to medium-~grained gneissic rocks which occur in two distinct forms.
Firstly, as aplictic and migmatic quartzo-feldspathic rocks injected into
the paragneisses as cross-cutting dikes, ptymatic or convoluted veins.
Secondly, they occur as huge boulders with some measuring 2 or 3 metres
in diameter on higher elevations but smaller boulders obviously derived
from the huge ones, haphazardly scattered at lower elevations around and
down-hill. Some of these boulders can conveniently be seen on the north-
east trending trail from Lechnerkreuz near the top of Buchberg towards
the cross at the eastern part of the area at an elevation of 563 metres.

Some of these rocks are gneissic in outlook but others are massive,
coarse-grained, greyish white in colour, heterogenous and megascospically
composite rocks, composed of magmatic portions as well as metamorphic
parts. They usually consist of quartz, feldspar and few dark minerals, in
which biotite predominates and seem to have preferred orientation. It is
possible that these rocks intruded into the paragneisses absorbing some
inclusions of the latter rock within them.

Within the paragneisses, these rocks are often folded into ptygmatic
folds with strongly contorted structures and local enrichments often
paralleling these s-planes of the paragneiss.

A typical aplictic gneiss is sample M. 14 taken from the northeastern
part of Hulm.

In hand specimen, this rock is slightly foliated, light greyish yellow
in colour, fine- grained with the mica grains defining the foliation.

Under the microscope, it is seen to be made up of mainly quartz,
plagnoclase, alkali-feldspar, muscovite, biotite and accessory garnet, apatite,
zircon and epidote. Myrmekitic structures can also be observed. It has an
allotriomorphic-granular texture.

Quartz (20%) some of which grow in the feldspar occurs as anhedral
grains filling spaces between the feldspar and other minerals. Tt shows
signs of recrystallization especially along adjacent grain boundaries.

Plagioclase (209%) occurs as both twinned and untwinned crystals
with some appearing highly cloudy due to alteration to both sericite and
kaolinite, Universal stage method proves 30% anorthite content for the
plagioclase 1. e. Oligoclase-Andesine. Alkali-feldspar (45%) mostly micro-
cline is abundant. They occur as big individuals some of which are altered.
There are also oriented inclusions in these feldspars.

The biotite (10%) is reddish-brown in colour and strongly pleochroic
shightly aligned and defining some foliation. Some of the biotite have
been altered to chlorite and penninite.

Muscovite (2%) occurs as an alteration product of potassium feldspar.
Apatite (1%) is seen as minute prismatic crystals.
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Accessory minerals include zircon, poikiloblastic garnet and epidote
which occurs as 2 vein mineral indicative of its late formation in this rock.

Sample M. 31 from the middle part of the mapped area has almost
the same mineral composition as M. 14. The only difference between these
two rocks is that M. 31 is massive, medium-grained, greyish green in colour
with abundant myrmekite.

Diorite

This basic rock (sample M. 54) outcrops as an intrusive within the
paragneiss at about 150 metres south of Hulm. It is but a small outcrop
measuring only about one square metre in area and 0.6 of a metre high.
v In hand specimen, it is a medium-grained, equiangular rock with
greyish green colour.

Under the microscope, it has a hypidiomorphic texture and is seen
to be made up mainly of hornblende, plagioclase, epidote, tremolite, apatite
and accesory zoisite and pyrite.

Hornblende (45%) is the brown variety some of which have partly
been altered to chlorite variety of penninite.

Plagioclase (45%) occurs as large individuals with some of the plagio-
clase twinned. Saussuritization in the plagioclase can be recognized by the
greasy lustre, green colour, absence of cleavage and twinning in some of the
plagioclase fields. Zoisite crystals are also seen embedded in the plagioclase.
The plagioclase variety is oligoclase-andesine with an anorthite percentage
of about 30% (Anao).

Apatite (5%) occurs as minute euhedral crystals of prismatic habit.

Alkali feldspar (3%), epidote and tremolite occur.

Under the ore-microscope, the rock is seen to be low in opaques,
Only a few idiomorphic grains of altered pyrite can be observed.

Lamprophyre

Only one specimen (M. 42) of this rock-type is seen at the western part
of the mapped area cutting the paragneiss as a narrow dyke, and measuring
less than half a metre in width, It trends in a northwest-southeast-direction
and has a steep dip to the northeast. In this area the paragneiss have been
highly weathered, deformed and is sandy in places.

The dyke rock, in hand specimen, is a melanocratic, greyish green,
fine-grained, massive and homogenous rock.

Under the microscope, it exhibits a pamdlomorphlc-granular (lam-
(prophyric) tecture and consists mainly of subheral laths of plaglociase
(50%]), biotite (24%}), anhedral quartz (10%), hornblende (15%), apatite
with accessory iron ores and magnetite.

Examination under the ore-microscope reveals only tiny grains of
pyrite with alterations to limonite and a few grains of magnetite.
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Loess and other superficial deposits

A 7-metre thick deposit of loess is seen at the northern part of the
road just at the eastern outskirts of Ober-Meisling. This material is soft,
porous, pale yellow in colour with small capillary tubules. It is laminated
in places and riddled with white calcitic material imparting to the outcrop
an effervescene with dilute acid.

Examination with the handlens reveals that the minerals in the loess
consist mainly of angular grains of quartz, mica flakes, calcite and minor
felspathic grains.

It is most likely that this loess is of eolian origin.

The wide valleys near the Krems in particular, and the flat plains at
the entrance to some of the valleys, are often covered by Recent or
Tertiary deposits consisting in the main of quartz, gravel, brownish looking
cobbles, soil and alluvium all mixed up together.

On top of the hills, superficial deposits of soil and alluvium usually
serve as 2 mantle covering the rocks underneath.

Conclusions

The detailed study of these rocks, both in the field and under the
microscope has shown that the main rock type in the mapped area is the
paragneiss which is the oldest rods with intercalations of amphibolites,
calc-silicate rocks, marbles, aplitic and pegmatitic rocks, cut in certain
places by dioritic and lamprophyric dykes.

These rocks are hetrogenous, differing widely amongst themselves in
composition, structure, texture and in distribution. They vary from the
very fine-grained to medium-grained and pegmatite rocks.

They have a marked tendency to follow a northeast-southwest trend
with dips generally towards the southeast.

Sometimes, contacts between the different rock types could be observed.
At times, the contacts were so transitional and indefinite.

The paragneisses are more uniform in character and foliated types
predominate over massive ones. The main constituents are quartz oli-
goclase-andesine, biotite. Garnet, sillimanite, alkali feldspar, cordierite
may be found in the rocks.

Amphibolites are rather widespread within these rocks. Garnet, basic
plagioclase and/or quartz have been seen in these rocks and presumably,
the amphibolites were derived from sedimentary rocks or possible tuffaceous
material. In some cases, these rocks are foliated and are then designated
as hornblende gneisses.

Two types of marbles occur, i. e. caleitic and dolomitic. X-ray methods
were used in separating these two groups. In these particular area, the
caleitic marbles prevail over the dolomitic ones.

It seems likely that these rocks have resulted from a prolonged
sedimentation in an unstable shallow geosyclinal basin,
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The paragneisses then have developed as a result of regional
metamorphism under increasing temperature and pressure during the
Moldanubian Orogeny. It is likely that the sediments recrystallized
according to the rules of several mineral facies, the complete sequence
of events being a progressive change of the sediment by deformation,
recrystallization and alteration through the greenschist facies — epidote-
amphibolite facies and finally amphibolite facies. The limestone in the
original sediments have now been turned to marble; the marls and clays
to amphibolites, The calc-silicate rocks represent concretions enriched in
carbonate. An intense metamorphism of the Moldanubian folding was
accompanied by the penetration or mobilization of quartz feldspar solu-
tions which gave rise to pegmatites, migmatites and aplitic dykes of
metasomatic or anatectic origin. It is even possible that they formed
synorogenically with the paragneisses.

The presence and abundance of green hornblende, plagioclase, garnet
(almandine variety) and sillimanite in these rocks are all pointers to the
typical mode of occurrence of the amphibolite facies which is in the high
grade zone of progressive regional metamorphism. In these rocks derived
from clastic sediments, almandine is widely distributed.

Epidote continues to remain stable through this facies however, not
with albite but in paragneisses with oligoclase-andesine as the plagioclase
in the paragneisses vary from about Anss—Anao. Saussuritization, chloriti-
zation and mylonitization could all be observed in these rocks.

A grear deal of migmatization and intrusion of granite material has
taken place in the rocks. The end of this period is marked by the intrusion
of lamprophyric and dioritic dykes into the paragneisses.

Structure

A few words would be said about the geological structure of this
area. The structure in the area has been dependent on the interaction of
forces with operated during the Moldanubian metamorphics and its sub-
sequent compressional effects on the paragneisses and its enclosing bodies
of rocks. Due to these forces, the paragneisses and the amphibolites usually,
in most places are extensively folded.

Although local variations exist, these rodss generally have a NE-SW
or N-§ regional trend with moderate dips towards the southeast or east.
It is to be expected that these rocks have undergone, not one, but two or
more periods of regional folding, which have resulted in the formation of
anticlinal structures one of which could be observed in the locality just
south of Hohenstein. This particular anticline has a fold axis in N 45° E
direction and with a plunge of 6° towards the southwest.

The B or the direction and dip of fold axis in these rocks varies from

030/00 to 060/00 and ewo fold axes, at right.angles to each other could
also be observed.
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The most complicated structure involved the relationship of the
amphibolites and the paragneisses in the central part of the mapped area for
these two rock types are in such an intimate relation that it was not easy
to decipher the geology within the limited time on hand.

No major fault was observed but the possibility that some discordant
faults are cutting these rodss cannot be ruled out in that mylonitized and
slickensided rocks which are indicative of mobilized zones near these faults
occur. The abrupt changes in dip and strike of the rocks at the northeast
part of the mapped area, the elongated and streched habit of the quartz
in the rocks taken from this area e. g. in samples M. 1, M. 2 and M. 3 were
all indicative of a possible faulting in this area.

Jointing in the rocks is common, Whilst some joints are perpendicular
to the foliation planes (i.e. cross joints) others are sub-parallel to the
s-planes with the production of sheeting structure in the rocks.
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The Genesis of the Dobra and Krumau Complexes
of the Kamp Valley in the Lower Austrian
Waldviertel®)

With 3 figures and 3 tables
(Part 2: Mineralogy and Petrography)

By Manmoun Kuarracy *%)

Abstract

The mineralogy and petrography of the Dobra- and Krumau-rock-
complexes are studied in detail. The zircons of the different gneissic
varieties are investigated. The genesis of the different rock types is discussed;
the clear ortho-origin for the Dobra (Spitzer) gneisses is declined. The
parent rock of these gneisses is suggested to be a sediment derived in large
part from pyroclastic-rich sources with or without graywackes, very often
interlayered with considerable submarine acidic flows, intercalated with
limestones, from which the newly detected marbles are derived. The
regularly intercalated amphibolites are suggested to be formed from
simultaneous intercalations of thin basic flows and sills. The Krumau com-
plex is believed to be of clear para-origin, representing a regionally meta-
morphosed series of marine argillaceous, calcareous and arenaceous sedi-
ments, from which the para-gneisses, schists, marbles and quartzites were
formed. The basic volcanic activity continued to the east to be responsible
for the amphibolite bands intercalated in this complex.

Introduction

This second part represents the mineralogic and petrographic studies
of the Dobra- and Krumau complexes (Spitzer gneisses and para-rock
series) after KHAFRAGY (1970). The first part (KHAFRAGY, 1970) represents
the geological and structural studies, while the third part (Kuarracy &
ScHROLL, in press) will represent the geochemical studies of the same rocks.

The samples studied (200) represent the different rock types and
varieties in a west-east cross-section through the area. Samples numbered
1 to 100 were collected from the Dobra-complex till the Genitzbach area
including the contact zone; those with numbers 100 and above belong to
the Krumau-complex till the eastern contact with the Gfshler gneiss body.

*) ‘The following is a somewhat shortened version of the original manuscript sub-
mitted by M. KHAFFAGY; the changes were jointly carried out and approved by Prof. H.
WieseNeDER and Prof. H. Kirper, Vienna, September 1970,

*#) Dr. Maumoup Knarracy, Geology Department, Faculty of Sciences, Heliopolis
(Ain Shams) University, Abbassia, Cairo. U. A. R.
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1. Petrography of the Gneisses

On the basis of about 75 modal analyses it can be stated, that nearly
all the gneisses of the area studied are mainly composed of plagioclase
(oligoclas and andesine), quartz and potash feldspars (mainly orthoclase).
The relative abundance of each of them differs according to the locality
and gneiss type. Besides these three main constituents other minerals occur,
sometimes also as main constituents as biotite, muscovite, sillimanite and
augite. Accessories include garnet, sphene, hornblende, chlorite, tourmaline,
apatite, iron oxides, allanite, zircon and calcite. As already previously
indicated (part 1, KHAFFAGY, 1970}, the gneisses could be classified accor-
ding to their field occurences to two main groups; it is also possible to clas-
sify them into two main types.

Type I: includes the typical Dobra-gneisses, represented by samples
No. 1, 3, 20, 24, 30, 36, 45, 51, 53, 60, 61, 73, 74, 80, 84, 85,
86, 87, 89, 96 and 99. This type represents the subvarieties of the Dobra-
gneisses with the field names: biotite-bearing, biotite-free, banded and
augengneisses. This type can be further subdivided to two other sub-
divisions, according to the knaf/plag (alkali feldspar/plagioclase) ratio:

Type [A: represents the gneisses with knaf/plag-ratio of more
than 1, and includes mainly the augen gneiss variety; to this type belong
the samples No. 3, 45, 61, 80, 84 and 99.

Type IB: represents the gneisses, in which the knaf/plag-ratio
is less than 1, and includes the other three subvarieties represented by
samples No. 1, 20, 24, 30, 36, 51, 53, 60, 73, 74, 85, 86, 87, 89 and 96.

Type II: includes the paragneisses, occuring in both complexes,
it is further classified into two subdivisions according to their field occur-
rence:

Type ITA: represents the paragneisses of the Dobra-complex, to
which the following samples belong: 14, 17, 26, 27, 31, 34, 37, 43, 44,
52, 56, 67, 83, 92, 93 and 95.

Type IIB: represents the paragneisses of the Krumau-complex.
The samples belonging to it are: 100, 103, 113, 114, 115, 116, 117, 118,
119, 121, 124, 125, 127, 134, 135, 139, 140, 142, 145, 148, 154, 168,
170, 180, 186, 188, 191, 192 and 195.

The main compositional differences between the two types can be
summarised as follows:

1. The quartz content in type I shows almost similar values ranging
between 30 and 40%, with a mean value of 32.4% (33.0% for 1A and
31.8% for IB); in type II, it shows 2 wider range from 2% (sample 17)
to 50% (sample 34); highly quartzitic gneiss No. 83 has 69% quartz; the
mean value of quartz in type II is higher than that in type I, being
37.25% (39.5% for IT A and 35% for 11 B).
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2. The absolute values and the relative abundance of both types of
feldspars, show significant differences in both main types as well as in their
subvarieties. The mean values of knaf show gradual decrease in types
IA, IB, I A and IIB, being 37%, 20%, 15.3%, and 16% respectively.
A similar relation is also indicated by the knaf/plag ratios of these types,
being 1.42, 0.47, 0.43, and 0.90 respectively. The amounts of plagioclases
are behaving nearly in a contrary manner, with the exception, that
Type I A, which represents the augen-gneiss-varietis, has a remarkable
low plagioclase content (26.1%). This trend follows [ B, II A, IIB and
1 A, with the sequence 42.8%, 36%, 34.8% and 26.1%.

It is o be considered, that the values of the feldspars, in the individual
samples show relative constancy in types I A and 1B, when compared
with types I A and IIB. It is also remarkable that the augen-gneisses
senso strictu occur only in the Dobra-complex. If any augen-variety does
occur in the Krumau-complex, the augen are of plagioclase and not of
knaf (near the contact to the Gfthler gneisses as in samples 188, 191
and 195).

3. Concerning the type, amount and distribution of the occuring
micas, 1t is found that the most flourishing mica is the reddish brown
biotite variety, Besides, muscovite is also occuring in considerable amounts.
The biotite with its both varieties (reddish brown and greenish brown), is
the only mica, occuring in the gneisses I A and IB, with an amount,
very rarely exceeding 5% of the rock composition. The greenish brown
variety is practically restricted to the samples 73, 80, 85, 87, and 89.
On the other hand, both types of mica, the reddish brown biotite and
the muscovite do occur, either separately or together, in the paratypes
IT A and II B, with amounts always exceeding 5% and very often reaching
20% of the rock composition.

4. Sillimanite shows particular restriction to the paragneisses of types
IT A and II B, occuring in both complexes. Its amount varies considerably,
as it occurs in some samples only as accessory, while it reaches high values
in others (36% in sample 17). Intermediate amounts are recorded with
special predominance opposite to the Schloteinbach area and around
Krumau/Kamp till Thurnberg Sperre.

5. Augite and diopside are practically restricted to the gneisses of
the Krumau-complex (II B). Diopside occurs in a more restricted area
between the Genitzbach and Krumau (samples 117, 118, 119 and 121
with amounts of 6%, 2.5%, 5% and 12% respectively). The augite is much
motre widely occuring in the Krumau gneisses and acquires higher values,
reaching 40%, as in sample 115. Both pyroxenes do occur together in
different proportions, as in samples 118, 119 and 121,

6. Amphiboles in the gneisses are encountered only as accessories and
are restricted to type IIB. Only samples 114 and 117 were found to
contain 9.5% hornblende and 2.5% tremolite respectively.
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7. Garnet 1s an ubiquitous mineral, as it occurs nearly in all the
gneisses sometimes as accessory and as main constituent. It increases
gradually in the Krumau-complex towards the Gfshler gneiss contact.
In some garnetiferous mica schists it reaches aprecciable amounts, as in
sample 118 with 19% garnet.

8. Titanite is like garnet, an ubiquitous accessory, but of wider
distribution in all types of gneisses. Its amount is seldom 1%, except in
three cases (158, 180 and 195) where it acquires 4%, 1.5% and 1.5%
respectively. It shows in this respect some parallelism to both augite and
garnet, as it also flourishes in the Krumau-complex, specially near the
contact to the Gfshler gneiss.

9. The mineral tourmaline is only detected as accessory in the Krumau
gneisses, 1t increases also in distribution to the east, starting by sample 95
near the Genitzbach. It reaches 1% and 2% in samples 116 and 170
respectively.

10. The mineral chlorite is always occuring as a paralle]l partner to
biotite, being almost in all cases its alteration product. It is an accessory,
but sometimes it reaches values from 3% to 18%, specially in type II
(44, 56, 74, 86,92, 115,139 and 159).

The specific properties of the gneisses minerals

Quartz: The quartz occurs always in the form of xenoblastic
grains, which differ considerably in their grain size. In the fine-grained
varieties it ranges from 0.2 to 0.8 mm., while in the medium and
coarse-grained varieties it reaches 3 to 8 mm. in diameter respectively.
However, the most abundant grain size is that of the medium-grained
varieties, which mostly ranges between 2.5 and 4.5 mm. In some varieties
it occurs 1n the form of porphyroblasts; sometimes also as embedded finer
grains in the ground mass, In varieties representing the predominant types,
the quartz occurs in the form of xenoblastic grains mostly in a segregation
crystallisation with other light-coloured minerals and shows a preferable
allignment in the s-plane of the rodk, thus enhancing the gneissose structure.

It is almost always deformed, showing undulose extinction from weak
to strong. Some of these strongly deformed quartzes do not show any
more the typical uniaxial character, it is sometimes pseudouniaxial to
clearly biaxial with a 2V ranging from 5—7°. Generally the mineral
is obvivosly fresh and includes very often other minerals specially
undeformed grains of biotite, and very rarely zircons (samples 43 and 52)
and sillimanite, as in sample 26, Pores with liquid inclusions are not
rare.

Plagioclase: The mean values of the plagioclases in the
different types vary from 26.1% in type I A, to 34.8% in type II B, to
36.0% in type 11 A and 42.8% in type I B, The relative amount of the
plagioclases in the gneisses is always exceeding those of the knaf, except
only in type I A (the augen gneiss varieties of the Dobra-complex) where
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the ratio knaf/plag is more than 1.42. If the plagioclase content of the
individual samples of each type is considered, it is noticed that the increase
of the plagioclase content comes mostly on the expence of the knaf, due
to the relative constancy of the quartz content together with other con-
stituents (except in some mica schists and augite gneisses). The plagioclases.
vary from oligoclase (in types I A and IB) to oligoclase, oligoandesine
and andesine (in types IT A and II B). Anorthite content higher than 50%
are extremely rare. The high values of 40—48% An were only observed
in augite-bearing gneisses. The plagioclases occur almost always as xeno-
blastic grains forming with other minerals the main tissue of the rock.
They occur sometimes as disseminated grains in the groundmass of the
augen varieties, as well as crystallised segregations with other light con-
stituents in the form of fine bands, alternating with other bands, richer in
dark constituents. In rare cases, they occur in the form of porphyroblasts,
which disturb the gneissosity of the rodk (37, 48, 154, 188 and 192).
In the fine-grained varieties they acquire a grain size, ranging from 0.2 to
1.0 mm., while in the medium — to coarse-grained varieties they vary
from 1.0 1o 3 mm. and from 3 te 5 mm. respectively. In some porphyritic
varieties they can reach 9 mm. in diameter.

The reverse zoning of the plagioclases is frequent in type I with a
core ranging in An content from 20 to 25% and a rim ranging between
25 and 30% (samples 1, 24, 45, 53 and 60). Less frequent is this zoning
in Type 11 (samples 27, 44, 100 and 186). The aplitic, gneissic varieties do
not show any zoning-structure of their plagioclases.

Polysynthetic twmmng is almost always occuring in all the _plagio-
clases of the studied gneisses, mainly after the albite-law. In some
plagioclases, especially those of the porphyritic gneisses at the east end of
the area, the twin lamellae are often bent at their ends indicating post
crystalline deformation. It happens also in some zoned plagioclases, that
the twinning is Only restricted to the rim of the zone.

The majority of the plagioclases show a considerable degree of
alteration, mainly sericitisation. The degree of alteration varies from one
locality to the other, without any definite trend, except, that it is in type 1
of a lower degree and less predominant, than in type II. Also the aplitic
varieties show relatively fresh plagioclases, while in some samples, especially
those of type II, complete alteration and sericitisation of the feldspars
15 recorded, sometimes to an extent, where the differentiation between
plagioclase and knaf becomes impossible (14, 17, 43, 44, 56, 86, 127
and 133),

Besides the fine inclusions of sericite in the altered samples, the plagio-
clases include also fine inclusions of other minerals. Some of these inclu-
sions, especially biotite, exhibit an alignment parallel to the twin lamellae.
In few cases the plagioclase contains grains of allanite, which produced
radial cracks around them (87, 88 and 95).

The antiperthitic tecture is observed often in the plagioclases of the
studied gneisses of both complexes. It occures in the form of clots and/or

Tahtb. Geol, B.-A.. 1971, Sonderband 17 13



144

spindles of knaf in the plagioclase crystals, the spindles sometimes acquire
a parallel alignment to the twin lamellae. This texture is relatively more
frequent in type I than in type II. The aplitic varieties do not have
antiperthetic texture, instead some perthitic intergrowths may occur. The
myrmekitic texture occures more often than the antiperthitic and shows
an equal predominance in both types of the gneisses.

Alkalifeldspars: These show a wide range of grain size,
content, and distribution in the gneisses of the studied area. They occur
as minor constituents in the gneisses of type 11 A, and as accessories in
type II B (with some few exceptions), but comprise one of the main con-
stituents in types [ A and I B. In type I A they always exceed the plagio-
clases, while they are of comparatively less abundance in type I B, where
the accompanying plagioclase predominates.

The main type of knaf is the orthoclase, which is sometimes perthitic.
Near orthoclase, occurences of microcline are also recorded, espec1ally in
the highly aplitic varieties of both gneiss types, where it is the main
alkalifeldspar occuring with weak cross-hatching twinning. In the aplitic
varieties microline is the only knaf occuring, which is very fresh and
sharply cross-hatched, Therefore we think, that such microcline occurences
are local and secondarily recrystallised from the original orthoclase,
wherever the temperature conditions favoured its recrystallisation.

The 2 Vx measurements range from — 50° to — 72° according to
the type of knaf measured. The extinction angle perpendicular to (010}
is almost always 0° or with small deviations of 1°—3%, while that
parallel to (010) ranges between 57 to 8°,

The orthoclase is often twinned after the Carlsbad law, especially
the porphyroblasts. Less common is the twinning after the Baveno law.
Generally the alkalifeldspars show a degree of alteration, which corresponds
to that of the accompanying plagioclase. Normally they are kaolinised,
with dusty appearance and rarely, in the highly altered varieties it is so
sericitised, that differentiation between both feldspars is impossible.

As a further proof a the type of alkalifeldspar occuring and as an
attempt to get some genetical indications, the or-content, as well as the
degree of obliquity of the knaf were investigated by X-ray diffraction
techniques.

The obliquity of knaf, which is defined as the degree of departure
from monoclinic to triclinic symmetry, was determined after the method
of GoLDSMITH & LAVES (1954 b) through the equation

A =125 d(131) —d(131).

The obliquity is considered to be a direct measure of the statistical
order-disorder distribution of the Al/Si atoms in the knaf unit cell. For
A =0 the knaf is disordered and is monoclinic in symmetry (orthoclase),
while for A =1 it is in complete order and is triclinic (microcline). Mac
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Kenzie (1952, 1954) indicated, that the difference in 2 ® between (130)
and (130) reflections can be also considered as an expression of obliquity.
It varies between 0.83° to 0.00° from monoclinic to triclinic symmetry
respectively. However great care must be taken, in correlating these
measurements with the degree of order, as it is certain, that the Na content

can affect the 130—130 peak separation (Mac Kenzie, 1954).

The or-content of both the unmixed phase and the homogenised
phase {(after dry heating of the sampls to 1050° for 48 hours) was deter-
mined following the method of OrviLLE (1958) through the equation:

Y = 166,39 — 92,31 X.

Where Y is the or-content for the monoclinic phase, and

X =20 (201)knat — 2 O (101)gpr03
For the triclinic phase the following correction must be introduced:
X}nrm‘ = Xt.ric, + 0-015-

The samples Nos. 80 (Type 1 A), 53,74 (Type 1B) and 31 (Type II A}
were subjected to these smdies, the results of which are shown by Fig. 1
and Table 1. The knaf in all the samples (except 53) proved to exhibit
a highly disordered distribution of their Al/Si atoms, hence acquiring the
least degree of obliquity, 1. e a domination of the orthoclase phase. It is
clear that the (130) as well as the (131) orthoclase reflection peaks of these
samples are well developed in the range around 23.40° and 29.74°
respectively {technical corrections must be considered). The corresponding

separate reflections of the microcline (130), (130) and (131), (131) when
present, should appear at 23.14°, 24.04° and 29.36°, 30.16° respectively.

The sample 53 develops very badly such reflections which are neither .
typical for the triclinic nor for the monoclinic phases. The obliquity
primarily estimated from these underdeveloped peaks ranges around 0.86.
Cases similar to this were given by GorpsmiTH & Laves (1954 b), Mac
Kenzie (1954), RicaTER (1965) and Da CosTa (1967), where it is explained
by the simultaneous occurence of both monoclinic and triclinic phases in
the same morphology in the form of sub X-ray twinning and/or the
occurance of microscopic to submicroscopic islands of both symmetries.
Mac Kenzig, ibid., added, that different possibilities can occur, so that
all geadations between the two extreme phases are possible. Consequently,
the degree of development and sharpness of the peaks can be taken as a
direct indication for the relative abundance for one phase over the other.
Accordingly it can be concluded that sample 53 represents a predomination
of the triclinic phase over the monoclinic phase.

It is here worth mentioning, that Heer (1957) indicated, that the
knaf in the higher amphibolite facies, as well as in the granulite facies is
a perthite with optical and X-ray monoclinic symmetry (there are indica-

13
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Fig. 1. The development of the peaks (131) and (130) in the unmixed and homogenised
phases of the studied knaf samples.
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tions for small deviations from monoclinic symmetry). A relation between
obliquity and 2 Vx was indicated by Hexer (1961), as both of them increase
parallel to each other. But in our case, where the studied Knaf of the
orthoclase samples (Table 1) should acquire 2 Vx values near to each
other, as they indicate similar degree of disorder, the differences in the 2 Vx
are so big that such a relation does not exist. Similar cases were also
indicated by MarruniN {1961) and H. G. ScHARBERT (1964), where it was
explained by the fact, that X-ray data are not only dependant on the degree
of order, but also on the sub-X-ray twinning, while the 2Vx is only
dependant on the degree of order. On this basis the samples 31 and 74 can
represent a highly disordered phase, while 53 and 80 must be having a
sub X-ray twinning; then they would fall in the field of the “unbalanced
twins” after MarFUNIN (1962).

Table 1.
- Sample Oi%p unmixed  Or®e homogenised 2Vx®
31 88.72 $7.00 51—58
53 93.93 6.3 62—67
74 87.14 79.85 53—-60
30 . 89.77 86.08

Concerning the orthoclase content of the unmixed and the homogenised
phases no significant differences are detected. This is actually expected
due to the low albite content, which is a reflection to the relative restric-
tion of the perthitic structure.

Micas and Chlorites: Biotite and muscovite are the two
mica types, occuring in the gneisses and schists of the studied area. Chlorite
occurs mostly as accessory and mainly as an alteration product of biotite,
garnet or sphene, The micas acquire a wide range of grain size from 0.2 mm,
in the aplitic, mica-poor varieties (where the biotite is relatively fresh)
to 6 mm long crystals, in the mica schists of both complexes. The most
common grain size ranges between 1 and 3 mm.

In the Dobra gneisses both mica types are occuring. Actually type 1
(A and B) contains only biotite, while type II (A and B) can have biotite
and/or muscovite. \ '

In the typical Dobra Gneisses (I A and I B) the biotite content ranges
normally around 5% of the total rock composition, mostly without any
muscovite, which seldom occurs as accessory. In the other types II A and
IT B the biotite and/or the muscovite contents can be as much as 20 to
25% (samples 49, 95, 100, 117, 120, 170, and 180). In the mica schists
the mica content can reach 60% (samples 46, 116, 132, 137, and 149).

Biotite occurs in the form of tabular crystals, which are always
arranged parallel to the schistosity planes; in rare cases there are biotites
crossing this direction. The most common biotite is pleochroic from
x = light yellow to y = z = reddish brown. Less often the biotite acquires
different colours and pleochroism mainly of the following varieties:
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1. those, pleochroic from coloutless or very light yellow to reddish
brown, are represented by the samples 116, 118, 119, 120, 125, and 148;
this biotite occurrence is often intergrown with muscovite laths.

2. those, pleochroic from brown to dark reddish brown (sometimes
almost black), as in samples 93, 113, 145, 186, and 188.

3. those, pleochroic from light brownish green to dark green {some-
times also black); this is restricted to the samples 61, 73, 80, 84, 85, §7,
and 89 of the Dobra-complex.

These biotites are altered mainly to chlorite with different degrees of
alterations. In some highly altered varieties of types II A and II B the
biotite is almost completely altered into chlorite, which still reserves
laths of biotite, parallel to its cleavage that survived alteration. In others,
which are less altered, the chlorites are found aligned parallel to the
biotite cleavage, sometimes in optical continuity with them. Iron ores are
often released as a result of this alteration and are mostly arranged in spots
between chlorite and biotite. Chlorite is mainly of the pennine variety and
seldom clinochlore. An other alteration product of biotite is sillimanirte in
the sillimanite-bearing varieties, as in samples 14, 26, 27, 31, 33, 37, and
168; only in sample 20 alteration to sericite is recorded. Pleochroic
haloes around zircon, sphene and rutile inclusions are very frequent.

Biotite often has suffered post-crystallisation deformation and in some
mica schists it is nicely microfolded, sometimes to be seen by the naked eye.

Muscovite is less abundant than biotite, being practically
restricted In its occurence as a main constituent in types II A and II B;
it shows some parallelism to the sillimanite in the sillimanite-bearing
goeisses and schists; it is more frequent in type II B than type 11 A, with
frequences from 5% to 22%, as in samples 95, 96, 127, 135, 140, and 170;
in the muscovite schist No. 132 a muscovite content of 45% was observed.

The muscovite shows its normal optical properties, except In some
“samples of both types 11 A and 11 B, where it appears to be pseudouniaxial
or with very small 2V angle, which never exceeds 7° (samples 52, 132,
140, and 149). It is quite possible that these muscovites are of the 3T or
2MI polymorphs or even a mixture of both of them.

Sillimanite: Sillimanite is the index mineral, if it occures in
considerable amounts, the para-character of the gneisses is indicated. There-
fore its occurrence is practically restricted to the Types 11 A and 11 B of
the studied gneisses; in samples 17, 27, 33, 44, of the type IT A it acquires
higher frequencies, as 36%, 5.5%, 8% and 9.5% respectively; in other
samples of the same type it ranges around 4% and in some others it occurs
only as accessory. In type II B it is of a wider distribution allover the area,
as it occurs in samples 118, 120, 140, 154 and 168 with amounts of 18%,
8%, 31%, 14% and 30% respectively.

The sillimanite occurs mostly as acicular aggregates, arranged parallel
to the schistosity planes of the rocks. They often show post-crystallisation
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deformation, being sometimes microfolded. Some of the sillimanite is the
alteration product of biotite, when it occurs in the form of sheaves;
sometimes it reserves some biotite laths, which survived the alteration.
Another occurence of sillimanite is in the form of colorless prismatic
crystals, arranged with their c-axes parallel to the s-planes, observed only
in two samples, Nos. 186 and 195.
The sillimanite is always accompanied by muscovite.

Pyroxenes: Pyroxenes in the gneisses studied are practically
restricted to the Krumau-complex. They are mainly augite and in
relatively seldom cases diopside, which sometimes accompanies augite in
the same rock. The diopside shows a special predominance in the area
between the Genitzbach and Krumau in samples 115, 117, 118, 119 and
121 with 40%, 6%, 2.5%, 5% and 129% respectively; in the two samples
118 and 119 it is accompanied by augite as accessory and with 35%
respectively.

The augite occurs as main constituent in the augite gneisses, which
occur mainly at the contact with the marbles of the Krumau-complex.
Examples for these gneisses are given by the samples 119, 139, 148 and
191 with amounts of 35%, 15%, 35% and 28% augite respectively, In
other gneisses of the same complex it occurs as an accessory with fre-
quencies ranging around 5%. It ranges in grain size from 0.4 mm. in the
fine grained varieties up to 7 mm. in the coarse-grained varieties; inter-
mediate grain sizes are also occuring. In the gneiss No. 119 the augite occurs
in the form of porphyroblasts with an average diameter of 5 mm., which
include other minerals, especially biotite. The predominance of augite gives
the rock a faint greenish, sometimes also greyish colour.

It is almost colourless to very light green in colour showing no
pleochroism. The z-angle C ranges between 45° and 48° in most of the cases
with 2V, 58° to 61°, with relatively low birefringence, The diopside is
always colourless with a z-angle C from 37° to 40° and 2V, ranging from
587 to 60°.

A diopside-salite band (35 cm. thick) was found at the contact with
a dolomitic marble layer near Krumau, which is identical to another salite
band occuring in the Topnetzbachgraben, detected by Exner (1953). It is
composed of prismatic crystals, about 3 cm. long and 1 cm. thick. They
are milky white in colour and are according to Exner (1953) the product
of reactions of siliceous solutions with the host carbonate rock.

Other Minerals: Other minerals occurring in the gneisses and
schists as accessories are garnet, sphene, tourmaline, allanite, apatite, ores
and zircon. Qccurences of hornblende were recorded in the mica-hornblend
schist No. 48 of the Dobra Complex with 18%, and in the Krumau
Complex in sampels 100, 103 and 114 with amounts of 5%, 1.5%, and
9.5% respectively. '

_ Garnet was recorded as a poor accessory in the Dobra gneisses, as in
" samples 20, 46, 52, 53, 56, 73, 74, 80, 84, 85, 89, 92, and 95. It occurs
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‘as idiomorphic crystals, sometimes rounded and ranging in grain size
from 0.5 mm. to 0.9 mm.; it is often colourless and seldom light rosy in
color, showing slight alteration to chlorite.

In the Krumau gneisses and schists, the garnet is of wider distribution.
Moreover, it 1s one of the main constituents of the garnetiferous mica
schists 118, 180, 186, and 95. In these schists it occurs in the form of big
porphyroblasts, which distrub the schistosity of the rock, as they can attain
a dimension of 7—8 mm. It is almost rather light rosy or rosy brown in
colour, sometimes very sligthly anisotropic. Some crystals are riddled with
inclusions of other minerals, as quartz and biotite and are slightly altered
vo chlorite.

Sphene 1s an ubiquitous accessory mineral in the majority of the

_gneisses and schists of both complexes, which never exceeds 0.5% except
in some gneiss varieties of the Krumau-complex in the contact zone to the
Gfohler Gneiss (159, 180, 195) with 4%, 1.5% and 1.5% respectively.
In these three gneisses sphene occurs in the form of aggregates and clots of
prismatic crystals, arranged with their c-axes parallel to the s-planes. Some
of these crystals are zoned, some others are simply twinned.

Zircons: From the literature guoted before, about the Spitzer
Gneisses and the Para-rock series, it is evident, that the work so far carried
“out, did not bring a satisfactory solution for the problem of their genesis
and their relation to each other. It is also clear that no work was done
on the accessory minerals as an additional tool to investigate the evolution
" of these gneisses and to participate in throwing some light on the problems
of their petrogenesis.

The following zircon features are the mostly quoted: 1. habitus and
terminal faces, 2. degree of rounding and corrosion, 3. elongation-fre-
quencies, 4. color, zoning and inclusions and 5. growth trends of zircon

_crops.

The term “Abrasion Index” was firstly introduced by ALLEN (1944)
_to represent the percentage of zircon crystals in a given rock, that show no
evidence of rounding. However, EckrLMann & Kurp (1956) noticed, that
this terminology is unsatisfactory, as it indirectly suggests a meaning,
contrary to that intended by the term. Therefore, they suggested the term
“Rounding Index™ to represent the percentage of crystals showing any
signs of roundness. On the basis of this rounding index, they were able to
differentiate between three types of granitic gneisses of igneous-(ortho)-
origin and seven others of sedimentary- -(para)- origin. POLDERVAART (1956)
suggested, that a low rounding index of zircons is a strong evidence for
their ortho-origin.

Also the elongation-frequency and length frequency curves of zircons
in collaboration with their rounding index were very often used.
POLDERVAART & BacksTROM (1949) indicated that ortho gneisses have
normally maximum elongation frequency above 2.0, while para gneisses
have a value below 2.0, In most cases in which this maximum is below
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2.0, nearly all the zircons show rounded terminations and the majority
of the grains are well rounded.

Other properties like colour and inclusions can be quite helpful if
they are conspiceous and common, specially for comparison and correlation
purposes.

Zircon growth curves (Reduced Major Axis)

This technique is applied as it was firstly adopted by Larsen &
PoLpervaarT (1957) in their attempt to differentiate berween the Bald
Mountain tonalites, Anthony Lake granodiorites and later intrusions.

Samples Studied and Techniques of Separation

For this study, 6 samples were subjected to statistical analysis.
5 samples of them are from the Dobra-complex, and the sixth is from the
Krumau-complex. Sample No. 1 is an aplitic Dobra Gneiss variety, No. 2
is an augen gneiss variety, 3 and 4 are from the normal granitic Dobra
gneiss, while the fifth is a sillimanite-bearing para gneiss intercalation in
the Dobra gneiss. The sample No. 6 is also a sillimanite-bearing para gneiss,
occuring in the Krumau-complex. The statistics for the firse three samples
were friendly offered by G. DesHPANDE {personal communication).

The sieved fraction of the crushed sample was carefully decanted
with water and dried before being subjected to heavy liquid separation,
using firstly tetrabromoethane (sp. gr. 2.90). The heavy concentrate
obtained was washed by alcohol, dried, contaminations of biotite and other
ore minerals were isolated, using a Franz isodynamic separator. The last
concentration of the heavy mineral zircon was prepared by further
separation using the Clarici solution (sp. gr. 4.2).

In this procedure attention should be paid to a common mistake,
which often happens during the separation of zircons. This is the attempt to
separate the biotite and other minerals of relatively higher magneuc
susceptibility using the magnetic separator, before subjecting the sieved
samples to heavy liquid separation. This seams actually logic; as, by getting
rid of the magnetic fraction, the bulk volume will be greatly reduced,
especially in biotite-rich rocks thus facilitating the heavy liquid separation
which should follow. But it happens that, through this sequence of separa-
tion, the zircon escapes the fraction in which it is expected, that is the
nonmagnetic light coloured fraction with quartz and feldspars, in spite of
its pronounced low magnetic susceptibility. If such a nonmagnetic fraction
is subjected to heavy liquid separation, practically no single zircon crystal
will be gained. On the contrary, if the heavy liquid is firstly used to get
rid mostly of the light fraction, then the magnetic separator to eliminate
the magnetic fraction, an appropriate concentrate of zircon can be satisfac-
torilly obtained, by also using the Clarici solution.

As a result of our investigations the specific features of the different
zircon crops are given in Tables 2 and 3. The figures 2 and 3 show their
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elongation frequencies and their RMAs respectively, which are discussed
together with the other properties hereafter.

The zircons of these gneisses occur in the form of two significantly
different types:

TypeA: this is the type characterised by a high degree of
roundness; its concentration in a gneiss variety gives rise to its “Rounding
Index”. The term “Rounding Index” is used here in the sense of ECKELMANN
& Kure {1956), expressing the total percentage of the zircons, showing any
degree of roundness. This Type A, occurs in the form of prismatic
bipyramidal crystals with relatively simple form-combinations like [110],
[111], sometimes combined with steeper bipyramids like [331] and very
seldom recognised [100]. However the crystal forms were not easily
recognised, due to the high degree of roundness and corrosion. Sometimes
the crystals are highly corroded to an extent, so that they show extra-
ordinary forms. A considerable proportion of this type is light coloured,
from pale brown to pale yellowish brown; darker colors are very seldom;
however, some dark brownish red crystals were also recorded.

Outgrowths and overgrowths are relatively seldom, not exceeding 11%
in sample 6. Inclusions, in the form of fine needles and/or irregular,
sometimes also globular forms of ores and other minerals, are not very
rare. They are often difficult to identify, due to their extreme small size;
zoning is absolutely absent.

Type B: This is relatively more idiomorphic than type A. The
crystal faces and forms show better development, a relatively high pro-
portion of them is euhedral with the prisms [110], [101] and the
bipyramides [111], [321] and sometimes also {331] in different combina-
tions, The crystalls are generally slimmer than in type A, seldom coloured,

Table 2. Statistics of the specific features of zircons.

sample 1 2 3 4 5 6

s
strongly rounded %/ 10 9 18 15 70.5 85.5
subrounded 38 47 37 36 235 13
rounding index 43 56 55 51 94 98.5
angular zircons Yo 52 42 54 49 6 1.5
out- and overgrowths %/ 15 7 26 14 10.5 11
zoned zircons %o 21.77 14 25 23 — -
RMAs Stacistics:
2 0.36%96 0.3641 0.3293 0.3105 0.4948 0.5388
T a 0.0148 0.0282 0.0174 0.0155 0.0268 0.0290
% mm. 0.1441 0.0999 01075 - 0.158%9 0.1605 0.1466
¥ mm. 0.0521 0.0343 0.0383 0.0614 0.0787 0.0738
Sx mm. 0.0447 0.0332 0.0395 0.0373 0.0381 0.0348
Sy mm. 0.0164 0.0120 0.0129 0.0120 0.0188 0.0187
r 0.8739 0.9556 0.7719 0.7305 0.6672 0.6749
Dd 15.7 e 24.5 16.79 16.19 20.05

a® 20 15 19 50 18 15 18 10 26 20 28 20
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Table 3, Startistical comparison values of the zircon crops.

sample pairs Za Zp Zx Zy

1 and 2 .26 0.2724 Q.68 10.735
1 and 3 1.81 i.94 7.5 8.114
1 and 4 2.2336

1 and 5 4.09

1 and & 4.2835

2 and 3 0.97 0.1654 1.785 0.402
2 and 4 0.4516 1.581 15.510 20.846
2and 5 3.4295

2 and 6 4,380

3 and 4 0.4313 0.8193 12.28 i7.073
3and 5 5.1718

3 and 6 6.1982

4 and 5 2.73

4 and 6 1.965

5 and 6 1.1139 1.1197 0.3821 1.5776

being mostly colourless. Some of them are even water clear. Zoning in this
type is frequent, reaching sometimes 257 as in sample 3. Zoning becomes
more distinct, when the crystal lies with its lenghth parallel to the vibra-
tion direction of the polarizer. The zones follow the crystal outlines and
increase sometimes in order from margin to core, which may be due to the
increase in thickness or birefringence in this direction. Inclusions are
common, either opaque-of irregular shapes, or transparent in the form of
fine needles with no special arrangement; some smaller zircons are often
included.

Outgrowths and overgrowths are also more often in this type than
in type A. They occur in the form of prismatic protrusions or cap-like
overgrowths.

Genetical Indications

The zircon type “A”, which is proved to be of pure sedimentary
origin {ALLEN, 1944; POLDERVAART & BACKSTROM, 1949; ECKELMANN &
Kuie, 1956; PorpERvaART, 1956; KHarracy 1964, and others} occurs
alone up to 100% in the two sillimanite-bearing gneisses of the Dobra
gneiss and the Krumau series; it also occurs in considerable proportions in
the other Dobra gneiss varieties reaching sometimes 56% in the Augen
Gneiss variety.

On the other hand, the zircon type “B”, which according to literature
appears to be of magmatic origin, occurs in equal abundance with type
“A” in the Dobra gneiss varieties.

Considering the elongation-frequency distributions of these zircons,
new data can be added; for the two sillimanite bearing gneisses, the
maximum elongation-frequency lies between 1.5 and 2.0, being around
60%: in both of them; besides this, about 10% of both zircon crops show
elongations below 1.5.

For the other Dobra gneiss varieties, the maximum elongation fre-
quency lies between 2.5 and 3.0. Still there is a considerable proportion
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of each variety, which has its elongation below 2.5. Also the RMAs-study
separates very sharply between the two types of zircon crops. However, a
glance to Table 3 where the different factors are compared on a statistical
basis, shows, that the differences in slope between each of the two silli-
manite-bearing gneisses and each of the Dobra gneiss varieties are, as
expected, considered real. It is also clear that even between the Dobra
gneisses themselves no complete harmony is recorded, concerning these
difterences, The difference in slope between 1 and 6 is considered real.
Also, excluding the sample-pair 2 and 3, the other pairs of samples 1 and 2,
1 and 3, 2 and 6 and 3 and 6, are showing real differences in joint means
Zx & Zy reaching sometimes very high values.

Considering these observations in connection with a discussion of the
genetic problem of these rocks the following conclusions are submitted:

A. the definite sedimentary origin of the two sillimanite bearing
gneisses, the one of the Dobra gneiss body and the second of the para-rock
serles is confirmed by: ,

1. the occurence of zircon type “A” in absolute majority in both
of them; '

2. the extreme “Rounding Index” of their zircon crops reaching
94% and 98.5% respectively.

3. the maximum elongation-frequency of their zircons lies between
1.5 and 2.0, being around 60% for both of them, and the occurance of
about 10% of their zircons with elongations below 1.5.

A para-origin might be extrapolated for the other gneissic inter-
calations in the Dobra gneiss body, which are also sillimanite-bearing
and/or mica-rich,
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The occurrence of marble bands and calc-silicate rocks, together with
these sillimanite-bearing gneisses in the Dobra gneiss body adds to the
final proof, that their parent rock must have contained sedimentary
material, and must have undergone sedimentary processes. This supports
the idea of the existance of some sort of connection between the Dobra
gneiss and the para-rock series, which was primarily indicated by the
gradual transition along their contacts in the field.

B. concerning the other varieties of the typical Dobra gneiss body, the
following conclusions are submitted:

1. the occurence of the zircon type “A” in nearly equal abundance
with type “B” in these gneisses gives the impression, that the typical Dobra
gneiss itself must have contained some kind of para- or sedimentary-
material (from which type “A” was produced).

At the same time it must have also contained some kind of magmatic
material, from which type “B” was derived. However the degree of this
intermixing is not the same throughout the whole body.

2. the elongation-frequency maxima, being between 2,5 and 3,0 with
percentages ranging from 40—50%, supports the just mentioned idea, that
a high proportion of these zircons must have originated in a magmatic
environment. On the other hand, if their considerable “Rounding Index”
1s taken into consideration, one could conclude, that even these zircons
might have undergone at least one cycle of sedimentation, through which
this rounding took place. Another explanation might consider the inter-
mixing of this material with other sedimentary material, which contained
the rounded and the subrounded zircons.

3. the relative harmony between the RMAs of these varieties, specially
in the values of Za and Zp, indicates the existance of an intimate relation
between them, having nearly the same origin and undergoing the same
mode of formation. However, the two delicate tests Zx an Zy yielding
very high values, up to 20,8 point strongly in the opposit direction. This
can be only explained on the basis of the heterogenity and intermixing of
different fource material of the Dobra gneisses in different proportions,
thus giving rise to these different features.

From the foregoing discussion, it will be unappropriate to consider the
Dobra gneisses (Spitzer gneisses) as typical Orthogneiss, asitalways
has been considered. It seems proven to be the metamorphic product
of a heterogeneous mixture of Ortho- and Para-materials. Also its
relation to the para-rodk series cannot be easily neglected.

2. Petrography of the Amphibolites

The amphibolites occuring in both complexes, are mostly hornblend-
andesine rocks, associated with quartz, whose amount does not exceed 6%.
It normally ranges between 2% and 3%, otherwise it is a negligible acces-
sory, Other minerals are biotite, titanite, garnet, chlorite, apatite, ores and
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zircon, The Dobra amphibolites are more biotite- and titanite-bearing, than
those of the Krumau-amphibolites, which are more garnetiferous especially
at the contact with the Gfohler Gneiss.

On the basis of 37 modal analyses the amphibolites can be classified
into the following main types: —

Type I: Includes the biotite-bearing amphibolites, represented by
the samples 7, 11, 47, 58, 63, 75, 79, 81, 88, 101, and 107. According to
the biotite content of these amphibolites two subgroups can be recognised:

Type 1 A: with a biotite content less than 15% this includes the
samples 4, 11, 47, 58, 63, 75, 81, 88, 107 and 129;

Type I B: covers the biotite-rich amphibolites with biotite contents
ranging from 15% to 32%, forming a minor group of intercalations, repre-
sented by the samples 7, 18, 79 and 101.

Type II: Includes the biotite-free amphibolites; it is the major
type, occuring in both complexes. These are practically biotite-free or in
very rare cases biotite occurs as traces of a minor accessory. This type is
represented by samples 29, 40, 54, 57, 59, 102, 122, 126, 131, 157, 166,
167, 171, 172, 173, 177, 182, 189, 184, 187, 185 and 190; from these
samples only 131, 157, 166, 167 and 171 are having biotite in negligible
amounts,

Concerning the relative abundance of the two main constituents horn-
blende and plagioclase, some of the amphibolites show neatly an equal
abundance, as in samples 11, 63, 88, 101 and 107 of Type I and samples
54, 129, 157, 173, 182, 185, 189 and 190 of Type II, ranging in their
amounts around 40% of the total rock composition. Otherwise,the horn-
blende predominates the plagioclase, except in the two samples 11 of Type I
and 157 of Type 11, where the plagioclase slightly predominates the horn-
blende. In samples 4, 7, 18, 47, 58, 75, 81, 79, of Type I, and 29, 40, 57,
59, 102, 122, 126, 131, 166, 167, 171, 172, and 184 of Type II the horn-
blende predominates the plagioclase. Where its increase is almost always
on the expence of the plagioclase. In the majority of the samples this
excess in hornblende ranges from 20% to 30%. Greater differences of
about 50—60% in amount are also detected as f. 1. in samples 4, 7, 81, of
Type I and 59, 102, 126, 131 and 184 of Type II.

Titanite and biotite show a certain parallelism in their occurence,
being especially frequent in the Dobra amphibolites of Type 1, where they
are of less importance in the injection zone of the Gfshler Gneiss. Garnet
occurres in detectable amounts only in the amphibolites at the contact
zone to the Gfohler Gneiss, otherwise it occurs as a negligible accessory,
except in the case of the two samples 102 and 107, where it acquires the
amounts 2% and 3% respectively.

The amphibolites are almost fine-grained, mostly having a linear orien-
tation of the hornblende prisms together with biotite (in biotite-bearing
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varieties) parallel to the s-planes, thus producing perfect schistose structute,
which shows a complete concordance to that of the enclosing rocks. However
some equigranular varieties, e. g. samples 29, 40 and 177 are obviously
granoblastic, while samples 47, 57, 59 and 126 show a partial grano-
blastic structure. Coarse-grained amphibolites with hornblende prisms
reaching sometimes about 1 cm in Jength are rare, except at the contacts of
some aplitic injections. An example for this 1s sample 63, which is rela-
tively rich in biotite (9%) and sphene (4%).

The hornblende, occuring in our amphibolites has a grainsize, nor-
mally ranging from 0,9—1,2 mm and is of the typically common green
hornblende, pleochroic from light yellowish green to olive green in the
majority of samples. Other samples of this hornblende are either lighter
greenish or even brownish colours are not seldom. The amphibolites con-
taining the typical green hornblende type are 4, 7, 11, 18, 101, 102, 107,
122, 182, and 185. Nearly all of this green hornblende is associated with
dark brown biotite, pleochroic from light yellowish brown to dark brown,
if the sample is biotite-bearing. Other amphibolites contain the brown
variety of hornblende, which is pleochroic from light greenish brown tw
dark brown, associated with the previously mentioned brown biotite
variety, they are represented by the samples 63, 173, 184, and 187.

Others with light green hornblende, pleochroic from light yellowish-
green to light green, proved always to be accompanied by a light brown
biotite variety. Examples of this type are the samples 47, 81, 131, 157, 166,
167, 171,173, 177, 189, and 190.

Samples 57 and 59 (dyke- and sill-like occurances in the Dobra Com-
plex) and the sample 126 (an occurence in the Krumau Complex) contain
an almost colourless hornblende variety, pleochroic from nearly celour-
less to very light green, with z/C of 14,5° (in other hornblende varieties
z/C ranges between 16—19°). These three samples are biotite-free.

Next to the hornblende and biotite the amphibolites include finer
grains of other rock constituents, especially quartz, sphene, ores and zircons.

The zircons and sphenes are almost arranged with their c-axes parallel
to the schistosity producing pleochroic haloes around them. Chlorites of
the chinochlor and pennine types are the alteration product of both biotite
and hornblende.

The plagioclases occur mostly in the form of xenomorphic grains,
ranging in size from 0,6—0,9 mm. Greater grain sizes are relatively seldom
and are only recorded at the contact zone with the Gfdhler Gneiss, where
they can reach 2 ¢m in diameter. They exhibit a wide range of An-content,
ranging from 18—45%. Reverse zoning is frequent, nearly in all amphi-
bolites, with a core ranging from 18—25 An % and a rim of 26—45 An %..
They are polysynthetically twinned, mainly after the albite and pericline
laws. In some plagioclases of the injected zones occurences of crystals with
non-twinned cores are recorded, where the twinrims are generally bent.
Completely individuals are frequent and occur everywhere.
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The plagioclases are normally highly altered into sericite, except those
of the aplitic injections, which appear to be relatively more fresh. Anti-
perthitic texture is very rare, observed only in the two samples 63 and 75.
Inclusions of other minerals are often recorded, mainly hornblende, biotite,
sphene and quartz.

The garnet seems to be preferable restricted to the amphibolites of the
Krumau Complex, occuring only in samples 102, 107, 157, 164, 167, 171,
172, 173, 179, 184, and 185. However it shows special flourishing at the
contact to the Gfihler Gneiss, thus developing the garnet-amphibolite varie-
ties No. 166, 167, 171, 173, 184, and 185, Its amount ranges from 3% to
8% in the form of porphyroblasts of the almandine type, reaching a grain
size of 7 mm, thus disturbing the schistosity of the rock. They are riddled
with inclusions of other rock components. Some of them are irregularly
cracked and are altered along these cracks into chlorite (mainly pennlne)
The garnet in the Dobra amphlbolltes is quite negligible, only occuring in
the two samples 40 and 63 as a minor accessory.

The titanite on the other hand, shows its preferable occurence in the
amphibolites of the Dobra-complex in samples 4, 11, 54, 63, 75, 79,
81 and 88. It ranges in amount from 2% to 10% and occurs in the form
of idiomorphic sphenoidal crystals, which are almost always arranged with
their c-axes parallel to the schistosity of the rock. Its occurence in the
amphibolites of the Krumau-complex is relatively rare, being restricted
to those at the contact with the Gfohler Gneiss, reaching sometimes 3.5%,
sample 187. In the samples 102 and 107 with amounts of 2.5% and 2%
respectively it occurs in the form of clot aggregates. It is sometimes altered
into chlorite and replaced by ilmenite, especially in its core. The titanite
is generally dark brown in colour, slightly pleochroic. In one sample {45)
it is almost black.

Other accessory minerals as apatite and ores are ubiquitous and show
a homogeneous distribution in the amphibolites of the whole area.

3. Petrography of the Marbles

Marbles occur in both complexes, they abound around Krumau till
Thurnberg. However, the detection of the marble occurences in the Dobra-
complex furnishes a good clue to the genetical problem, which so far
remained puzzling and confusing for a long time.

Generally, our marbles are delomite and/or calcite marbles, sometimes
diopsidic, tremolitic, phlogopitic, or siliceous. Feldspathic marbles are rare
except in the eastern contact zone of the Krumau-complex.

The samples Nos. 28, 32, 35, 38, 39, 68, and 82 were collected and
investigated as typical for the marbles of the Dobra-complex {opposite to
the Schloteinbachmiindung, Franzen, Kamprohrbriicke and Schoerlberg);
from the Krumau-complex the samples Nos. 108, 110, 111, 128, 136, 146,
152, 153, 156, 162, 163, 165, and 181 were studied, representative for
the main varieties of this complex.

Takrb. Geol. B.-A . 1971, Sondetband 17 14
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Our marbles are mostly fine- to medium-grained, ranging in diameter
from 1—2 mm. Some occurences are also coarse-grained, reaching 4—5 mm.
in diameter as in samples 28, 35, 110, and 136. They mainly consist of a
mosaic of equal carbonate grains with lamellar twinning, closely packed
and very often bent, which must be due to deformation.

Carbonate crystals are the main constituents of all the marbles, some-
times the only constituting mineral with few accessories. They may reach
95% of the total rock composition, as in samples 28, 110, 111, 136, 152,
162, and 165. Their percentages in other varieties, especially the siliceous
No. 35, the tremolitic No. 82, and the diopsidic Nos. 38, 39, 68, 146, 163,
and 181 range between 55% and 89%, according to the proportions of
the other minerals.

An attempt was made to get an idea about the degree of dolomitisation
in these marbles; they were subjected to X-ray diffraction method and a
comparison of the peaks of the two reflections at 29.5° of the mineral
calcite and 30.96° of the mineral dolomite was made. The results point
to 2 relatively higher degree of dolomitisation of the marbles of the Dobra-
complex, than those of the Krumau-complex, as indicated in Table 4.

Table 4. Degree of dolomitisarion of the studied marbles as relatively indicared by
X-ray diffraction method.

Sample No. 28 32 35 38 39 68 82 108 110 111

100% dolomite X *
dolomirte calcice x et X

calcite dolomite b e s had

100%s calcite x x

Sample No. 128 136 146 152 153 156 162 163 165 181

100%/0 dolomite e ¢

dolomite calcire X
caleite dolomite

100%s calcite X ® ® x e X X

The origin of the dolomitic component of these marbles is less clear.
However, the occurrence of the pure calcitic marbles of the Krumau-
complex cannot be due to a “dedolomitisation” processes, since there is
no appreciable concentration of minerals like tremolite, anthophyllite or
talc, which could explain the refixation of the abstracted magnesia. Hence
the other possibility of dolomitisation of actually calcitic marbles is more
acceptable. Whether the dolomitic to partially dolomitic marbles were of
primary syngenetic origin, or due to secondary dolomitisation processes,
which should have taken place through the course of metamorphism
presumably by Mg bearing solutions, remains purely speculative. It is also
to be indicated, that no specific relation could be found, between the
colour of the marbles and their degree of dolomisation, PiNGEr (1950) and
ENGEL & ENGEL (1953), stated repeatedly, that the Frankline marbles and
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the marbles of northwest Adirondacks are predominently calcitic white,
in colour, while local areas of dolomite are grey to dark grey. Cur marbles,
cover white as well as grey calcite- or dolomite-marbles.

The dolomitic and caleitic nature of the samples 128 and 163 was
formerly detected by the U-stage measurements of the angle between the

c-axes and the (0112), for dolomite it is 62.5° and for calcite it is 26°.

Diopside occurs in samples 38, 39, 108, 136, 146, 162, and 181 1n
different proportions from accessory to amounts ranging from 10% to
30%. In the samples 39, 68, 146, and 181 it occurs with amounts of 309,
29%, 10%, and 16% respectively, in the form of euhedral poikilitic
crystals sometimes cracked, here calcite crystallises along these cracks;
it is almost colourless with z/c from 39—40°.

Tremolite occurs in the sample No. 82 in considerable proportion of
about 20% in the form of prismatic, colourless crystals, arranged parallel
to the lineation of the rock; it occurs also in the two samples 128 and 136
4s 2 MinoOr Accessory.

Phlogopite is recorded in all the studied samples (except 28, 35,
82, 128, and 181). In sample 38 it reaches an amount of 5%; in all the
others its amount does not exceed 3% also it was recorded in some of them
45 4 Minor accessory.

Graphite occurs in some marbles around Krumau, especially in those
at the contact to the graphitic schists, Some of these marbles have a
banded nature, graphite rich bands altexrnating with carbonate bands.
The graphite is almost always accompanied by pyrite, in the form of
euhedral crystals sometimes reaching 2 mm. in diameter.

Graphite was detected also in one marble variety (No. 35) occurring
in the Dobra-complex opposite to the Schloteinbach mouth.

Forsterite altered into serpentine gives the marble variety No. 32 of
the Drobra-complex a greenish spotted appearance; it is detected in con-
siderable amount reaching about 15% of the rock compositon.

Quartz occurs as accessory mineral nearly in all marbles in the form
of xenomorphic grains, which do not show the undulose nature. In the
siliceous varieties 35 and 181 it occurs in amounts of 24% and 10%
respectively.

Other accessories are muscovite, apatite, haematite, magnetite, and
titanite. The last was detected only in the samples 153, 162, 163, 165, and
181, Zircon is observed in one sample No. 68 included in quartz.

4, Discussions and Conclusions

a} Degree and type of Metamorphism

The bulk of the metamorphic rocks, belonging to both complexes
exhibit mineral assemblages of the almandine-amphibolite facies formed
by regional metamorphism. According to TURNER & VERHOOGEN (1960},

14#
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our mineral assemblages fall under the sillimanite zone of the almandine-
amphibolite facies. According to WinkLER (1965), they fit mostly in the
Barrovian almandine amphibolite facies, spec1f1c.ally into the sitlimanite-
almandine-orthoclase subfacies, The surviving of some muscovites of our
gneisses and schists can be, according to WiNkLER (1965), due to the
highly pelitic nature of the parent rocks and/or the PT conditions of the
sillimanite almandine orthoclase subfacies were not completely attained
to transfer the whole muscovite present to sillimanite. He further adds
that under high pressures more than 4000 bars (may reach 6 Kb), whete
almandine is- generated instead of cordierite, 700° C would be surpassed
so that muscovite may become unstable. For the parent rocks of such
mineral assemblages, rocks as pelites, marls, shales, graywackes, sandstones,
siliceous carbonates, and basic rocks can be raken into consideration.

Garnet 1s an ubiquitous wide-spread mineral throughout, and many
of the gneisses are sillimanitic to highly sillimanitic. Also biotitic,
muscovitic gneisses and biotitic amphibolites prevail in many localities.
Most of these rocks are garnetiferous especially at the contact to the
Gfshler gneisses, where the degree of metamorphism appears to have
reached its apex. However, almost all the mineral assemblages of the
paragneisses of both complexes appear to have been evolved in conjunction
with extensive injections and soaking of the metasediments by magmatic
fluids. Mainly alkali-siliceous liquids, locally aluminium-bearing, with iron
and magnesium were introduced, from which reactions with the metasedi-
ments biotite, garnet and sillimanite were formed. They also clearly
resulted in modifications in types and amounts of the occuring feldspars.
Moreover the original composition of the metasediments involved in these
interactions, undoubtedly varied appreciably at various parts of the
sequence, and from place to place in the series, thus resulting in the diverse
varieties mentioned before.

The amphibolites allover the area dominantly hornblende-andesine
rocks with either biotite and/or clinopyroxenes as components. Titani-
ferrous and garnetiferrous varieties are recorded in the Dobra- and
Krumau-complexes respectively and at the contact to the Gfshler Gneiss.

Most of the marbles contain diopside and tremolite. Only one variety
contains forsterite, which does not seam to fit (as the case of muscovite)
into this subfacies. This may suggest, that the rodks of this area lie in the
transitional zone between the two subfacies.

The ubiquity of the assemblage quartz, biotite, oligoclase in the
gneisses, as the oldest visible metamorphic assemblage is noteworthy.
There are no clearly defined anticedent or relictminerals, suggesting a
preceeding stage or step of lower grade of metamorphism. The chlorite
as well as some of the sericite, recorded as minot constituents are products
of superimposed retrograde metamorphism, which is only locally conspi-
cuous. Thus the biotite is largely altered to chlorite, and the plagioclase
are highly sericitised. Similar alteration to chlorite are also recorded for
other minerals like hornblende, garnet and sphene.
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b) Origin of the metasediments

The rocks of undoubted para-origin, occurring in the area, are the
paragneisses, schists (Types IT A and II B), marbles and quartzites. Con-
cerning their origin, there ist no contradiction between the previous authors,
who dealed with the area. It is considered, that the distinctly layered
form of the paragneisses, quartzites and marbles of the Krumau-complex
furnishes the first clue to their metasedimentary origin. They represent
thus a series of marine sediments, originally laid down as alternating layers
of shales, limestones, and sandstones, from which the gneisses and schists,
marbles and quartzites were transformed, in the course of metamorphism.
Before metamorphism, the rock may have been anything ranging from
impure shales and sandstones to calcareous layers. Apparently here are
important indications for sedimentary sequences commonly formed in
fairly stable shelf environments, contrary to types formed on crustal
segments of marked instability and appreciable local relief. These environ-
ment appears to have been marine, but with differences from place to
place. An example is the marble-rich series around Krumau, which
seems to have deposited in a large persistently negative, although not
highly unstable basin. These thick, uniformly layered marbles and the
associating quartzites lie stratified in the gneisses, are conformable with
them.

These relations are in accordance with a concept, according which the
gneisses are derived from shales or argillaceous sandstones, which themselves
are the products of moderate to intensive residual weathering and good
sorting. However the inferred premetamorphic features of the gneisses
hardly point to a distinct type or origin of the parent sediment.

The pyritic and graphitic schist, undoubtedly has evolved from an
argillaceous and somewhat calcareous sandstones, which may have con-
tained much of the iron and sulphur combined in pyrite as sedimentary
or diagenetic constituent.

¢) Origin of the Amphibolites

Concerning our amphibolites, from the foregoing studies of the
geology, distribution and petrology combined with their geechemical
investigations, our basic conclusion is, that both the amphibolites of the
Dobra- and Krumau-complexes might have the same parent rock, as no
genetical differences between them are existing. The classification of the
occuring amphibolites in both complexes into two types I and II, does
not give an indication for any genetical differences, simply because:

1. the occurrence of both types in the Dobra- as well as in the
Krumau-complex;

2. the equal distribution of both types all over the area;

3. the differences in these types concern mainly the occurrence or
absence of some minerals as biotite, garnet and sphene, which can be due
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to local changes in the degree of metamorphism (PT conditions), assimila-
tion of parts of the country rock, or even due to post-metamorphic
factors e. g. the case of the injected zone at the contact of the Gfohler
gneiss.

It is worth mentioning to indicate that an ortho-occurrence of
amphibohtes can be taken into consideration, to which would belong the
single dyke-like body of the Dobra-complex and related varieties pre-
viously discussed. These amphibolites are characterised by complete absence
of biotite, the occurrence of the nearly colourless hornblende variety, which
obviously predominates the plagioclase in amount, together with their
granoblastic character.

Field observations and laboratory investigations, seem to suggest,
that our amphibolites both of the thin sheet- and of the thick formation
type, interlayering the gneiss complexes, have been emplaced, where they
acquired their present composition during metamorphism; therefore they
are either:

1. stretched and smeared-out fragments of basaltic flows, sills or
dykes; or,

2. metamorphic differentiates derived from a sequence of basic fronts
of mafic metasomarites.

Concerning the concept of the metamorphic differentiates, as a process
contributing to or largely responsible for the formation of the amphibolites,
it 1s possible, that the mafic elements, which are supposed to be expelled
from the gneisses during metamorphism, have been selectively concentrated
along certain bedding foliations and stratigraphic zones to form amphi-
bolites. This hypothesis, if acceptable in our case, could be only as faint
possibility considered for the thin amphibolite occurrences of the Dobra-
complex, but certainly not for the thick formations of the para-series of the
Krumau-complex.

This is on account of the minimum thickness of the amphibolites of
the Dobra complex and also on account of their relatively smaller
abundance (about 10% only), if compared with the enclosing gneisses.
Here, the amount of the leached mafic elements from the gneisses could
be sufficient to contribute in the formation of these thin amphibolites. On
the other hand, the amphibolites in the Krumau-complex are nearly as
abundant as the gneisses and they acquire bigger thidknesses reaching 200 m
sometimes, which makes this hypothesis absolutely unrealistic. Even for
the Dobra amphibolite sheets these metamorphic differentiation hypothesis
1s also rejected, as definite transitions between amphibolites and gneisses
were not observed.

The above considerations lead to the conclusion, that the amphibolites
allover the area have been derived from basaltic parent rocks. These could
have been emplaced in the form of basaltic flows, sills, or as complex
intrusive and extrusive types. These forms of occurrence might explain
the thin sheets of amphibolites in the Dobra-complex, which could have
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been thinned and stretched by plastic flow of the rock sequences during
the metamorphism. Usually in case of such basaltic flows or sills, com-
plementary dykes and dyke-like occurrences are to be expected, which are
lacking in our amphibolites except one single case of the Dobra-complex
(Kuarracy, 1970). ENGEL & ENGEL (1965) and others (BowN & ENGEL,
1956, and ENcEL, 1949) dealing with similar cases attributed this lack
in dykes to tectonic processes, such as shearing out and rotation of frag-
ments of the dykes into near conformity with metamorphically induced
foliations,
The ortho-origin of the amphibolites may be inferred from:

1. the very sharp contacts of the amphibolites with the enclosing
gneisses;

2. the common nature and the way of occurrence of the amphibolites
in both complexes;

3. the consistenly fine-grained and the relatively more schistose
margins of the thick bands and of the thin sheets of amphibolites, which
may represent chill zones.

4. the discordant relation of the amphibolite occurrence in the Dobra-
complex opposite to the Ruine Dobra.

5. the regular increase in abundance, frequency and thickness of the
amphibolites from the Dobra towards the Krumau-complex.

As already indicated, the Krumau-complex is but the western limb
of a regional syncline, whose eastern limb lies symmetrically east of the
Gfohler gneiss. The volcanic center should thus have been situated
somewhere under the GfShler gneiss body. This position should have
caused the basaltic flows, necessary for the formation of the amphibolites
in the syncline. The fact that the Dobra-complet must be relatively older
than (being underlying) the Krumau-complex suggests, that the thin
amphibolite sheets intercalating it, represent the first eruptive pulses of
this volcanic activity, These basaltic pulses should have been flown over
long distances due to the high mobility of the basaltic magmas, which
presumably helped in thinning these sheets. This volcanism should have
been continued in the form of surface and/or subsurface eruptions; over
different periods gradually increasing in intensity; it reached its apex with
the eruption of the last basalts that correspond to the thick amphibolite
bands of the Krumau-complex.

d) Origin of the Dobra Gneisses

The origin of the Dobra gneisses (Spitzer Gneis) is one of these
interesting problems, that become the pivot for discussions, whenever
the geology of the Austrian Waldviertel is concerned. This is perhaps due
to the apparent contradictions between the ortho-origin suggested for
these gneisses and their geologic and petrographic relations previously
discussed. This ortho-origin was suggested mainly on account of the
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{granitic?) appearance and composition of some of the constituting gneiss
varieties of this complex; which kind of otrtho-origin and how it was
formed, was no further explained.

Exner (1953), in an attempt to pave the road to an approach to this
problem, gave the following suggestions for the different possibilities
for the modes of origin of these gneisses:

1. that the Spitzer gneiss is 2 magmatic intrusion in the neighbouring
para-rock series;

2. that the Spitzer gneisses are but a granitised part of the para-rock
series; or

3. that the para-rock series have been deposited over the Spirzer
gneisses, here they have been later on folded together and been deformed
through the same orogeny.

It is the author’s opinion, that any origin suggested for the Dobra
gneisses, should satisfactorily explain the following geologic and petro-
graphic features:

1. the petrography and chemical composition of the different gneiss
varieties;

2. their geochemical characteristics and the probable existence of an
ortho-gneiss variety, together with typical sillimanite-, muscovite- and
biotite-rich para-gneiss varieties;

3. the characteristics of their zircons, that lead to the final conclusion,
that “The Dobra gneisses proved to be the metamorphic product of a
heterogeneous mixture of ortho- and para-materials”;

4. the coexisting intercalations of undisturbed amphibolites, with
definite sharp contacts; besides, they are concordant with the enclosing
gneisses and simultaneously folded with them;

5. the frequent occurrences of considerable marble bands, surrounded
by typical paragneisses and schists, that follow the general trend of both
Dobra- and Krumau-complexes.

6. the intimate geologic relation between the Krumau-complex and the
Dobra-complex demonstrated by the gradual transition between them and
the great similarity in the geologic trends and structures.

The mineral assemblage of our gneisses is composed of quartz, oligo-
clase-andesine and biotite, commonly accompanied by accessory sphene,
muscovite, chlorite, apatite, (garnet and sillimanite) magnetite and zircon.
The properties of the dominant minerals are remarkably constant, except
in the case of biotite, where the greenish variety is observed only in some
gneiss varieties near the contact zone with the Krumau-complex (samples
73, 80, 85, and 89). Tuwwry (1926), Harker (1932), GiLrury (1936),
AmBROSE {1936) and EnGEL & ENGEL (1960) noted, that the evolution of
first greenish then brown biotite in successively more highly metamorphosed
graywackes, is a gradual product during the dynamothermal “regional”
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metamorphism. Also Sucy (1935) described a reddish brown and a greenish
brown biotite in metasediments and migmatites of north eastern Japan.
He noted that the reddish biotite is the more highly metamorphosed
facies with oligoclase and some garnet, where a mutual relation of meta-
sediments and granitic components were instrumental in the evolution
of the reddish biotite as well as garnet and sillimanite. Commonly the
change in colour of metamorphic biotites from greenish brown to reddish
brown is thought to reflect an increase in FeO.

The chemical analyses represented by Table 5 are remarkably similar
in many aspects. However a main difference can be noticed concerning
the values of the alkalies; while the NasO values of the authors analyses
are 5.5% and 4.7%, that of the third analysis represented by Exner (1953)
is only 2.84%; also the K>O values show a reverse relation being 1.85%
and 1.58% for the first two and 5.84% for the third. This might be due
to the fact that the analysed sample of EXNER is an augen gneiss variety
(it is as such described by him) rich in Knaf augen, This naturally results
in a remarkable difference in the NaO/K:O ratios being 2.97 in the first
two and only 0.59 in the third.

The question arises now whether the ratio NazO/K:O may reflect a
large scale abstraction of K20 from the normal gneiss (Type 1B) which
should have been fixed in the form of Knaf augen in Type T A, or
conversely the addition of soda after diagenesis and/or during meta-
morphism.

Table 5.

1 2 3 4 5 6 7 8 9 1o 11

SiO: 7138 7243 7190 7231 66.82 71.72 69.49 6595 6420 7550 J0.72
Al:Qs 1598 1555 1576 1469 18.83 1323 1353 1358 1410 1140 12.7%

Fe 1.8 116 150 1,47 287 3.58 4.18 1.25
Fe2Oa 049 081 065 066 2587 Q30 074 194 100 240 Q.22
MnO 0.06 003 004 0.04 0.10 0.73
TiO: 02 025 027 024 035 040 055 050 0.26
Cal 197 253 225 199 276 180 200 310 350 160 120
MgO 066 054 060 053 067 181 195 138 25 010 034
Na:O2 550 470 510 435 211 272 421 37y 3400 200 )80
KO 1.85 1.58 164 309 134 129 171 201 200 560 350
H0— 016 o012 G11 013 G155 0.62 Q.10 1.52
2.13 313 0.60

H:0+ 042 045 043 063 2.53 208 2.10 2.75

100.55 100.15 100.3 100,13 99.08

1, 2 and 3. The analysed samples by Kuarracy with their avarage respectively.

. The avarage of the three analysed Dobra gneisses.

. Avarage of five graywackes, Balclutha, New Zealand (TurNER & VERHOOGEWN, 1960).

. Avarage of three graywackes (TALIAFERRO, 1943),

Fresh Franciscan graywackes (TUurNER & VERHDOGEN, 1960).

. Avarage of two analyses of graywadces, Marlborough, New Zealand ({after J.
Henperson, 1934/35).

. Avarage of 11 graywackes of widely separated age and locality {after Prrrijony,
1957).

L ) LA e
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10, The avarage Arkose compositions (After PETTIJOHN, 1957).
11, Avarage of 20 lichoidal welded and unwelded tuffs, rhyolitic and latitic flows (after
H. R. CornwalLL, 1962).

It would secem possible, to conclude that the parent rock of the
gneisses was a sediment derived in large proportions from sources rich in
pyrolastics with or without graywackes, very often interlayered with
considerable submarine acidic flows. The environment of deposition
might have been exposed to some interrupting tectonical phases, involving
also the deposition of limestones, from which marbles may have been
produced.

The wohle series was simultaneously and regularly intercalated by
thin basic flows and sills, responsible for the amphibolite formation, which
possibly had its source in the east.

After the Dobra complex had been formed in this manner, gradual
changes in the basin of deposition should have taken place, preparing for
the deposition of the typical sedimentary facies, that covered the complex
and from which the Krumau complex should have been derived (the para-
rock series). The varying nature of the paragneisses and schists, marbles and
quartzites, which form this complex with its rapid lithological changes are
infered to unstable conditions of deposition, under which great varieties of
sediments rapidly, sometimes as intercalations must have been deposited.
Sediments that could be responsible for the formation of this great variety
of pararocks, could have been argillaceous sandstones, clays, marls, arkoses
and pure sandstones, together with limestones, possibly intercalating each
other.

The flourishing of amphibolites with their gradual increase in thids-
ness towatds east indicates, that the basic volcanic activities were not
interrupted, but increased in intensity and frequency, thus producing more
thick and more frequent flows and falls of basic material, which simui-
taneously interlayered the sedimentary sequence.

Both complexes, the Dobra-complex and the Krumau-complex will
after deposition have undergone simultaneously the same events of regional
metamorphism with the same degree of folding and deformation, through
one and the same orogeny. This resulted in the major folding of them in
the form of the now existing major syncline, whose western limb is repre-
sented by the Krumau-complex. The eastern limb of this major syncline
exists east of the GfShler gneiss body, which is supposed to be emplaced
along its main axis.

That the Spitzer gneisses do not outcrop in the eastern limb of the
Krumau-complex, may suggest, that this syncline is not symmetric or
thac the Spitzer gneisses are tapering and thinning out under the Krumav-
complex 1n this direction.

Later on the Rastenberger pluton should have been emplaced at the
western end of the Dobra-complex (Spitzer Gneisses) thus leading to the
present state of the area studied.
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Zur Geochemie der Spitzer Gneise und der
Paragesteinsserie des Kamptales, Niederosterreich

Von MauMmoun KHAFFAGY

(Mizr 6 Abbildungen}

Geology Department, Faculty of Science, Heliopolis University, Cairo, Egypt, VAR
Aus dem Grundlageninstitut der Bundesversuchs- und Forschungsanstale Arsenal

I. Einleitung

Um das genetische Problem der verschiedenen Gneise und Amphi-
bolite im Gebiet des Kamprales/Niederosterreich, ihre Beziechungen zuein-
ander und zu den anderen Gesteinstypen zu beleuchten, schien es not-
wendig, einige makro- und mikrochemische Untersuchungen vorzunehmen.
Die Ergebnisse der geologischen Feldarbeiten und der petrographischen
Untersuchungen sind bereits gesondert dargestellt worden (KHAFFaGY
[1970]). Probleme der Petrogenese, vor allem aber der Metamorphite,
kénnen nicht nur auf Grund von Feldbeobachtungen und mikroskopi-
schen Studien gel8st werden. Es bedarf vielmehr im besonderen auch des
Einsatzes verschiedener Untersuchungsmethoden, wie der geochemischen
Analyse von ,Spurenelementen®. Ein wesentliches petrogenetisches Pro-
blem ist die Unterscheidung von QOrtho- und Paragneisen und Ortho- und
Paraamphiboliten. Die Meinung des Autors ist, dafl es ein ,Amphibolit
und Amphibolit-Problem® ebenso wie ein ,,Granit und Granit-Problem*
gibt, WiLcox und PoLDErRvaarT haben (1958) festgestellt ,under equi-
librium conditions, ortho- and paraamphibolites would be indistinguishable
if held at the same temperature and pressure“. Auch TuREkIAN (1963) wat
in diesem Punkt wenig optimistisch, ohne allerdings alle Mdglichkeiten in
Betracht gezogen zu haben, die die analytische Geochemie anbietet. Ortho-
und Paragesteine auf Grund von geochemischen Untersuchungen zu unter-
scheiden, haben aber Lrutwrein (1939), Encer (1951), TayLor (1955),
SnELLING (1958), Larapu-Hacues (1959), Evans & Leaxe (1960), HEIErR
(1960) u. a. versucht (vgl. auch TAvLOR [1965]).

I. Janpa, E. ScHroLL und SEDLAZEK (1965) haben darauf hingewiesen,
dafl man die Unterscheidung von Ortho- und Paragesteinen mit den Metho-
den und Techniken geochemischer Untersudhungen bis zu einem gewissen
Grad 18sen kann. Sie konnten am Beispiel von Amphiboliten des Wald-
viertels zeigen, dafl die Projektionspunkte in den Korrelationsdiagrammen
Ni—Co, Zr—Ni, Cu—Ni und Ni—Cr niedrigmetamorpher Orthoamphi-
bolite die gleiche Lage aufweisen wie basische Magmatite, etwa Olivin-
basalte und Gabbros.

Diese Gruppe schliefft Orthoamphibolite, wie Gabbro-, Pyroxen- oder
Anorthosit-Amphibolite, ein, jedoch auch ,nicht durch Relikte gekenn-
zeichnete Amphiboliteinlagerungen in Marmoren und manchmal auch
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solche in Paragneisen“. Es wird festgestellt, dafl . fiir Paraamphibolite im
eigentlichen Sinn, die aus tonhaltigen Sedimenten entstanden sein sollen,
keine Beispiele vorliegen®,

E. ScHroLL (1966} stellt fest: ,still premisses are lacking to solve some
special problems®, als er sich mit der Bearbeitung der seltenen Elemente
in granitoiden Gesteinen beschiftigte. Den Spurenclementen kommt eine
wichtige Schliisselstellung zu, um petrogenetische Vorginge zu charakreri-
sieren und zu erkliren. Der vorliegende Versuch, Ortho- und Paragneise
auf Grund ihres Gehaltes an selteneren Elementen zu unterscheiden, ist
als Vorstoff ins Neuland zu werten. Da kein ausreichendes statistisches
Datenmaterial zur Verfiigung steht, ist dieser Versuch selbstverstindlich
noch mit gewissen Unsicherheiten behaftet.

In der Folge werden die Ergebnisse geochemischer Untersuchungen des
Dobragneises und seiner Amphiboliteinlagerungen sowie der Paragneise
und threr Amphibolitvorkommen ausgewertet. Vier chemische Vollanalysen
wurden von zwei Dobragneistypen und zwei Amphiboliten vorgenommen,
die in den Dobra-Gneis eingelagert sind. 20 Gneis- und 16 Amphibolit-
proben, die etwa einem W-E-Profil durch das bearbeitete Gebiet entnom-
men worden sind, wurden auf Spurenelemente spektrochemisch analysiert.

II. Analysenmethoden

Bei den Gneisproben wurden die Elemente K, Ca, Ti, Rb, Sr, Sc, Y,
Zr, V, Cr, Ni, Co, Cu, Ag, Yb, Mo, Zn, T, Sn, Be, Ca, Lz, Pb und Ba
und bei den Amphibolitproben die Elemente K, Ca, Ti, Rb, Sr, S¢, Y, Zr,
V, Cr, Mn, Nj, Co, Cu, Ag und Yb quantitativ analysiert, Elemente, deren
Durchschnittshiufigkeit in den untersuchten Gesteinen auf Konzentra-
tionen unter 100 ppm beschrinkt bleibt, wurden mit Hilfe der optischen
Emissionsspektralanalyse, die in grofleren Konzentrationen vorliegenden
Elemente rontgenfluoreszenzanalytisch bestimmt. Zur Kontrolle der ront-
genfluoreszenzanalytischen Werte wurden auch flammenfotometrische und
naflanalytische Methoden eingesetzt.

1. Probenvorbereitung

Das Probengut wurde in einem Laborbackenbrecher auf maximal 2 cm
vorzerkleinert, geviertelt und anschliefend in einer Schlagkreuzmiihle auf
maximal 2 mm vorgemahlen. Dann wurde die vorgemahlene Probe bis auf
eine Menge von 100—200 g heruntergeviertelt und mit Hilfe eines Magne-
ten etwaige stammende Stahlspine entfernt. Danach erfolgte die Fein-
mahlung in einer Labor-Mdrsermiithle und schlieRlich hindisch 30 Minuten
in einer Achatreibschale.

2. Naflanalyse

Bei der Durchfiilbrung der Silikatanalysen wurde hauptsichlich nach
DitTiER (1935) und Jakor (1952) vorgegangen. Nur die Alkalien wurden
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nach Isolierung der Alkalien durch Ionenaustausch flammenphotometrisch
und die Elemente Mn und Ti spektralphotometrisch nach DrrTiEr (1935)
mit einem Zeifl-Spektralphotometer PMQ II analysiert.

3. Emissionsspektrographische Analysenverfahren

Fiir die emissionsspektrographische Bestimmung der Elemente Sc, Y,
Zr, V, Cr, Mn, Ni, Co, Cu, Ag, Yb, Mo, Zn, Tl, Sn, Be, La, Ga, Pb und Ba
wurde eine Methode verwendet, die sich im spektrographischen Labor des
Grundlageninstitutes der Bundesversuchs- und Forschungsanstalt Arsenal
bewihre hat (siche u. a. JaNDA, SCHROLL & SEDLAZEK, 1965).

Die Eichproben wurden aus Mischungen von Reinsubstanzen herge-
stellt und durch Referenzgesteinsproben (G 1 vnd W 1 des US National
Bureau of Standards) kontrolliert.

Die Aufnahmebedingungen sind in Tab. 1 mitgeteilt.

Tabelle 1. Spekcrographische Meflbedingungen fiir Gneise und Amphibolice.

Spekerograph 3,4 m — Ebert Gitterspektrograph Mark 4 (JaAReLr & Asa) mit 15.000
' Linien/Zoll-Plangitter (Blaze 4300 A)

Amphibolite Gneise
Ordnung 1L L
Blende 3,2 mm 3,2 mm
Fokus 200 180
Kamera 84 90
Sektor 3/100%0 8/100%/0
Spaltbreite 20 20
Schalcung anodisch anodisch
Vol 220 220
Ampere 10 12
Belichrungszeic 180 sec 220 se¢
Elekcrodenmaterial (Ringsdorff) RW 0 Ringsdorff/RW O
Elektrodenform RW 0055 S wie GROHMANN (1965)
Gegenelektrodenform RW 0090 RW 0090
Placte Gevaert 34 B 50 Gevaert 34 B 50 -
Entwidkler Standard 224 Standard 224
Entwicklungsdauer bei 20° C 13 min 13 min

Zur Aufnahme wurden die Proben mit spektralreinem Graphitpulver
(RW0) 1:2 fiir Amphibolite und 1 :1 fiir Gneise gemischt. Als interne
Standards wurden 0,5% Pd fiir die schwerfliichtigen und 0,01% In fiir
die leichtfliichtigen Elemente verwendet. Bei der Aufnahme erwies es sich
als giinstig, den Bogen zunichst bei 3 A zu ziinden und erst nach 10 sec
die Stromstirke auf den Normalwert von 10 A fiir Amphibolite, bezie-
hungsweise 12 A fiir Gneise einzuregeln.

Die Auswertung der aufgenommenen Spektren erfolgte photometrisch
mit anschlieflender Untergrund-Korrektur am Rechenbrett.

Ein Teil der Werte, wie Mo, Tl, Sn, Be und Ba, wurde durch Schitzen
der Linienintensititen im Vergleich zu Eichproben gewonnen.

4. Réntgenfiluoreszenzanalytische Verfahren

Die Réntgenfluoreszenzanalyse wurde der vorliegenden Arbeit zur
Bestimmung der Havptelemente K, Ca und Ti und der Spurenelemente
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Rb und Sr verwendet, wobei eine fiir die Spurenelemente Rb und Sr von
SchroLL, Skor und Stepan (1963) entwickelte Methode zur Anwendung
gekommen ist (vgl. auch ScuroLL und STEPAN, 1968).

Fiir die Durchfithrung der Analyse stand eine Philipsanlage mit Fein-
strukturgenerator (1 K'W), automatischer Registriereinheit und Vakuum-
spektrometer zur Verfiigung. Die Mefibedingungen sind in Tab. 2 zusam-
mengestellt.

Tabelle 2, Mefbedingungen der Rdntgenfluoreszenzanalysen.

fir K, Ca, Ti fiir RB und Sr

Réhre Chrom Molybdin
Stromstirke 18 mA 18 mA
Spannung 54 kV 54 kV
Impulszihler Untersetzer; Untersetzer;

16 (K), 64 (Ca), 8 (Ti) 32
Zihlzeit 15 sec 15 sec
Kollimator 150 150
Strahlenweg Vakoum Luft
Kriscall PET . LiF
Detektor Durchflufizihler Szintillationszihler
Zihlrohrspannung 1650V 850V

Die Gesteinsproben wurden nach sorgfiltiger hindischer Pulverung
auf Analysenfeinheit im Achatmérser als Schiittproben unter Verwendung
eines leichten Stempeldruckes in einem Probenhalter mit Mylarfenster ein-
gebracht und gemessen. Die Eichkurven wurden mirttels internationaler
Referenzgesteinsproben (G-1, W-1, T-1, BM, BR, Syenit-1, GR) und
kiinstlich angefertigter Eichmischungen erhalten. Es wurden jeweils drei
Proben mit der Standardprobe W-1 gemessen, so dafi eine Korrektur auf
eine festgelegte Intensitit der Standardprobe vorgenommen und appara-
tive Schwankungen ausgeglichen werden konnten.

III. Analysenergebnisse

Die Analysenresultate sind in den Tabellen 3 und 4 zusammengestellt.

Tabelle 3. Chemische Vollanalysen.
Vollanalysen der Dobragneise und der Amphibolite

Gneise Amphibolite
SiO2 71,38 72 43 73,42 47,17 47,00 16,78
Al2Qs 15,93 15,55 13,76 15,76 13,62 15,25
FeQ 185 116 1,40 11.73 1268 10,44
FeeOs 0,49 0.81 0,69 155 3,70 2,53
MO 0,06 0,03 0,03 0,22 0,26 0,03
TiOz 0,29 0,25 018 366 3.96 1.95
C20 197 253 1,49 9,27 9,06 973
MgO 066 0,54 038 637 470 735
NazO 5,50 470 284 1,90 2,10 2,66
K0 1,85 1,58 5,84 1,40 1,25 3,65
H:0— .10 012 0,19 0.06 0.02 0.46
H:0+ 0,42 0.45 0.22 1.55 1.86 1,69

100,55 100,15 100,04 160,64 100,21 99,52
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Anmerkung: Die Proben 1 und 24 passen zum trondhjemitischen Magmentyp (salisch,

alkalireich bis intermediir, c-arm) bis zum natronrapakiwitischen Magmeatyp.

Probe Ex 1953 gehdrt zum leukogranitischen Magmentyp (ausgesprochen salisch, sauer,
alkalireich und c-arm) bis zum engadinitgranitischen Magmentyp.
Die drei Amphibolitproben entsprechen am ehesten dem gabbroiden Magmentyp (femisch,
basisch atkaliarm und c-reich).

Tabelle 4. Tnstrumentelle Analysen.
a) Gneise
Nr. 1 17 24 27 31
%o K v 1,8 1,3 3,25 1,02
Yo Ca 65 3,0 20 0,54 2,30
/v Ti 0,14 1,72 0,17 0,29 0,27
ppm Rb 37 52 48 145 at
ppm Sr 400 36 850 255 720
ppm Se 16 24 <3 7,5 45
ppm Y 67 10 10 16 13
ppm Zr 160 1100 125 600 140
ppm v 10 162 453 38 19
ppm Cr 1,2 240 <1 16 <1
ppm Mn 200 1300 70 115 120
ppm Ni <1 200 <1 29 5
pPpm Co <2 55 <2 18 33
ppm Cu 11 22 <1 15 <
Ppm A 1,6 1,6 Z0,1 20,1 01
PPM Y 4.3 2,3 0,75 0,9 1,15
ppm Mo <3 3,6 3 3 3
ppm Zn  £100 1350 £100 650 £100
ppm Tl <3 <3 <3 <3 <3
ppm Sn <10 <10 <10 <10 <10
ppm Be 4 3 3 3 3
PpPm Ga 26 60 23 40 40
ppm La 47 <10 <10 31 47
ppm Pb 14 47 13 38 10
ppm Ba 430 730 550 1450 650
K/Rb 459,5 346,1 270,8 224,1 248,8
Ca/Se 41,3 833,3 235 21,2 318
Ni/Co 0,5 3,54 Q0,5 1,61 1,52
Ca/Ti 17,86 1,74 11,76 1,86 8,52

labib Geal B -A.. 1971 Sanderband 17



Nr. 37 53 66 73 74
A K 1,75 2,00 096 1,75 2,00
L Ca 2,10 2,15 4,00 1,48 1,35
%o Ti 0,063 0,20 0,056 0,21 0,10
ppm Rb 35 63 123 155 40
ppm Sr 550 540 240 460 350
pPpPm Sc <3 <3 <3 7.5 <3
ppm Y 14 12,5 20 22 18
ppm Zr 360 125 110 180 320
ppm v 68 15,5 4 47 21
pPpm Cr 1,6 <1 4,4 <1 <1
ppm Mn 50 10 600 200 500
ppm Ni 3 <1 1,8 13 <1
pPpm Co <2 <2 <2 12 <2
pPpm Cu i1 <1 35 6 4,5
ppm Ag £0.1 0,26 £0,1 0,28 0,5
ppim Yh 0,92 0,8 2,5 2.8 1,7
ppm Mo <3 <3 <3 <3 <3
PpPm Zn 120 100 760 =100 £100
ppm Tl <3 <3 <3 <3 <3
ppm Sn <10 <10 <10 <10 <10
ppm Be <3 <3 <3 3 <3
pom Ga 26 35 44 50 27
ppm La <10 28 <10 48 <10
ppm Ph [ 13 40 17 21
pPpm Ba 800 720 570 440 850
K/Rb 500,0 3175 78,8 1129 500,0
CalSe 38,2 39.8 166,7 32,2 8.6
Ni/Co 2,0 0,5 1,0 1,08 0,50
CalTi 33,33 10,75 71.4 7,05 13,5
Nr. 86 99 80 121 134
oy K 4,45 4,10 2,75 1,82 0,73
%o Ca 0,76 0,90 1,70 36 1,38
o, Ti 0,184 0,26 0,172 0.55 0,49
ppm Rb 205 122 60 110 28
ppm Sr 157 190 665 355 57
ppm Sc 58 8,9 7,5 20 7,5
ppm Y 45 19 <10 28 38
ppm Zr 260 215 170 100 260
ppm v 225 38 8,5 104 80
ppm Cr 1,8 6,3 <1 110 82
ppm Mn 187 155 125 225 <10
ppm Ni <1 2,6 1,2 30 6
ppm Co 26 40 <2 12 28
ppm Cu 15 1.5 1,7 40 18
ppm A 0,1 1,5 £0.1 £0,1 0,24
ppm Y 28 1,9 — 35 1,9
ppm Mo <3 <3 <3 <3 <3
ppm Zn 670 475 100 700 650
ppm Tl <3 <3 <3 <3 <3
Ppm Sn <10 <10 <10 <10 <10
ppm Be 3 3 <3 5. 4
Ppm Ga 21 24 3o 52 26
ppm La 90 85 58 <10 <10
ppm Pb 27 65 20 5 15
ppm Ba 660 850 2100 500 £100
K/Rb 2171 336,0 4583 165,5 260,7
Ca/Sr 43,4 47.4 25,5 101,4 242,1
Ni/Co 0,38 0,65 0,60 25 2.14
Ca/Ti 413 3,46 9,88 66 28
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Nr. 148 186 195
%y K 2,80 4,05 3,55
%o Ca 4,45 0,83 0,68
%0 Ti 0,50 0,215 0,195
ppm Rb 186 240 245
ppm Sr 91 70 50
ppm Sc 13 4,5 5,5
ppm Y 30 63 75
ppm Zr <100 255 200
ppin \i 70 17 21
ppm Cr 77 7.5 8
ppm Mn 770 160 220
ppm Ni 36 5 5
ppm Co 17 3,3 34
ppm Cu 12 6,5 15
pPpPm Q‘g 0,1 0,4 <0,
ppm 3,9 3,6 5,5
ppm Mo <3 <3 <3
ppm Zn 600 740 1100
ppm Tl <3 <3 <3
ppm Sn <10 <10 <10
ppmn Be 3 3 3
ppm Ga 14 32 31
PPM La <10 42 <10
ppm Pb 13 53 54
ppm Ba 850 670 420
K/Rb 150 1687 144,9
CalSr 489,0 118,6 136,0
Ni/Co 212 1,52 1,47
Ca/Ti §,90 3,86 35
b) Amphibolire
Nr. 4 11 18 29 40
%o K 0,20 1,20 1,27 0,56 0,55
Yo Ca 6,8 6,35 6,5 7,0 6,5
5o Ti 2,15 0,80 1,42 1,08 1,55
ppm Rb 38 52 58 <10 19
ppm Sr 535 460 415 295 470
ppm S 35 39,5 29 31,5 56
ppm Y 58,5 42 48 48 53
ppm Zr 266 254 22265 89 260
ppm v 380 370 287 288 450
ppm Cr 94 183 176 252 79
ppm Mn 1270 1610 1770 1160 1370
ppm Ni 46,5 81,5 79,5 73 55
ppin Co 60,5 61 62 48,5 53
ppm Cu 43 <3 49 42,5 30,5
Ppm A 2 — — 0,56 0,85
ppm Y — — — — 3.6
K/Rb 2368 230,8 2190 560,0 2894
Ca/Sr 1271 138,0 56,6 2373 138,
Ni/Co 0,77 1,34 1,28 1,51 1,04
Ca/Ti 3,16 7,94 4,64 6,48 4,19

15



Nr, 54 59 75 102 107
8y K 0,72 0,52 0,97 0,42 1,19
%y Ca 6,40 7,4 6,45 6,80 5,85
/s Ti 2,30 0,94 1,16 1,57 1,61
ppm Rb 22 16 38 17 78
Ppm Sr 530 273 422 127 525
ppm Sc 38 38 36,5 57 32,75
ppm Y 50 38 52,5 62 54
ppm Zr 150 119 155 200 3625
PPM v 300 298 400 750 346
ppm Cr 75 90 188 102 90
ppm Mn 1314 1500 1365 1870 1875
ppm Nir 40 360 72 65 24,5
ppm Co 52 77 67 59 54,5
ppm Cu 20 33 128 77 20,8
ppm A — 0,68 — 1,75 1,37
Ppm Y — —_ — 6,8 4,7
K/Rb 327,3 3250 255,2 2471 152,6
Ca/Sr 120.8 2710 152,8 535,4 1114
Ni/Co 0,77 4,36 1,07 1,10 0,45
Ca/Ti 2,78 7.87 5,56 4,33 3,63
Nr. 126 157 177 187
%o K 0,39 0,31 0,70 1,18
e Ca 7,40 5,75 7,50 775
%o Ti 0,59 0,86 1,03 1,46
ppm Rb 11 <10 14 41
ppm Sr 300 385 550 228
ppm S¢ 255 25 43,5 57
ppm Y 32 35 45 56
pPpm Zr 82 116 86 254
ppm A 218 235 295 480
ppm Cr 195 95 153 33
ppm Mn 1300 1060 1210 1300
ppm Ni 228 97 78 34,5
pPpm Co 67 49,5 49 60
ppm Cu 21,5 70 <3 16
ppm Ag —_ 0,68 — 1,45
ppm Yb — —_ —_ 4,7
K/Rb 3545 310,0 500 287,8
Ca/Sr 246,7 149,4 1364 3399
Ni/Co 3,40 1,96 1,59 0,57
Ca/Ti 12,55 6,69 7,28 5,31
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IV. Diskussion der Ergebnisse

Die Auswertung der Ergebnisse wurde auf graphischem Wege mit
Hilfe bindrer Korrelationsdiagramme vorgenommen. Zur Erginzung wur-
den auch-Daten aus den Arbeiten von GrRoHMANN (1965), JaNDA, SCHROLL
und SepLAzECK (1965) verwendet sowie auch andere unverdfientlichte
Analysenergebnisse {ScHROLL, 1966, 1967). Die Diagramme enthalten auch
Durchschnittswerte von Gesteinstypen, die im wesentlichen aus den Zusam-
menstellungen von Turkian und WepepoHL (1961) : (TW), GROHMANN
(1965) : (G), Cameer und Kurdo (1965) : (CK), EnceL und EncGeL (1965) :
(E) entnommen sind. Beim Zeichnen der Korrelationsdiagramme wurde auf
die bel HemEr (1962) und Janpa, ScHroLL und SeEpLazEx (1965) vorge-
schlagenen Korrelationen Ni/Co, Cr/Ni, Ni/Cu und Zr/Ni zuriickgegriffen.
Auflerdem wurden die Diagramme fiir K/Rb, K/Ti, Ca/Sr, Rb/Ba, La/Y,
K/Zr und Ca/Ti entworfen sowie auch die Elementarverhiltnisse K/Rb—
Ca/Ti, K/Rb—Ca/Sr, Ni/Co—K/Rb in Beziehung zueinander gesetzt.

1. Ni/Co-Korrelationsdiagramm, Fig. 17%)

Die Durchschnittswerte fiir alle Basite, auch die Mittelwerte von
Gabbros und Amphiboliten der Kleinen Karpathen von CameeL und Kurco
(1965) fallen in das Orthofeld der Amphibolite. Von den 1n dieser Arbeit
untersuchten Amphibolite sind aber nur ein Teil im sicheren Orthofeld zu
finden. Es sind dies Amphibolite aus dem Dobra-Komplex (11, 18, 29,
59 und Si) als auch Amphibolite aus dem Krumauer Komplex (126, 157
und 177). Alle anderen Proben fallen entweder in das Feld hochmeta-
morpher Amphibolite, verschieferter Amphibolite oder auch in das ,Para-
feld“. Das soll nun nicht heiflen, wie auch JANDA, ScHROLL und SEDLAZECK
(1965) angeben, daf} es sich tatsichlich um aus reinen Sedimenten hervor-
gegangene Gesteine handelt, sondern dafl es sich nur um, durch hoch-
gradige Metamorphose entartete Orthobasite oder aber um Alkalibasalte,
tholeiitische Basalte, Tuffe, Tuffite, hydrothermal verinderte Basite und
dergleichen handeln kann.

Mehrere Gneise des Krumauer Komplexes (121, 148) sowie auch die
bei GROHMANN angegebenen Paragneise fallen in das Feld der sicheren
Tongesteine. Die gréfiere Zahl der Dobra-Gneise, aber auch Gneise aus dem
Krumauer Komplexe ordnen sich um ein Ni/Co-Verhiltnis von 2 an.

Die Orthogneise von GrouMaNN konzentrieren sich, wie auch einige
Proben der Dobra-Gneise (1, 24, 53, 74, 86 und S), am unteren linken
Eck des Diagramms. Abweichend verhile sich die Probe 17 und Proben 27,
37, 66, 73 und 99, Die Probe 17 war iiberhaupt nicht mehr einzutragen,
da sie auflerhalb der Grenze des Diagramms zu liegen kime.

Die zwei von DEesuPANDE untersuchten Proben von Spitzer Gneis
(51 und S:) liegen ebenso wie die Hornblendegranulite von Stemgraben
im Berelch tonahtmder Gesteine (Co >> Ni). :

*y Zeichenerklirungen S 191/192.
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2. Cr/Ni-Korrelationsdiagramm

Einige der beim Ni/Co-Diagramm im Orthofeld befindlichen Proben
(11, 18, 29, 59, S, 157 und 177) fallen hier in die Randzone des Kon-
zentrationsfeldes der Orthoamphibolite. Die Werte zeigen eine stirkere
Strevung als beim Ni/Co-Korrelationsdiagramm, wobei allerdings die
Hornblendegranulite (E und F) und einer der Krumauer Gneise (134) sich
anomal verhalten, wihrend die grofle Zahl der Proben einem Cr/Ni-
Verhiltnis von 1 folgt.
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Fig. 1: Ni/Co-Korrelationsdiagramm.
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i Ein Unterschied zwischen Para- und Orthogneisen ist aus diesem
Diagramm weniger gut ablesbar, aufler daff die Paragneise hohere Absolut-
konzentrationen aufweisen.

Von den Dobra-Gneisen hiufen sich wieder die Proben 1, 24, 53, 74,
86 und 80 im Eck geringer Chrom- und Nickelgehalte. Abweichend verhal-
ten sich die Proben (17, 27, 37, 66, 99, S; und Ss), die ein starkes Streu-
feld wie die Krumauer Gneise zeigen. Die Probe 73 verhiilt sich als Aufien-
seiter.

3. Ni/Cu-Korrelationsdiagramm

Im Orthofeld sind die eindeutig als Orthoamphibolite bezeichneten
Proben (59, S4, 126 und 157) anzutreffen. Mit Ausnahme von Mela-
phyren-und ozeanischen Tholeiiten fallen alle Durchschnitiswerte in das
Orthofeld. Der groflere Teile der Krumauer Gneise liegt auch hier im
oder in der Nihe des Konzentrationsfeldes von Tongesteinen, die sich aber
eindeutig durch absolut hdhere Ni/Cu-Werte von den Orthogneisen unter-
scheiden. Die Orthogneise sind wieder eindeutig — allerdings mit einer
weiten Streuung (Ni/Cu 0,5) — im Bereich niederer Konzentrationen zu
finden — wobei sowohl Ni > Cu oder auch Cu >> Ni sein kann.

4, Zr/Ni-Korrelationsdiagramm

Das Zr/Ni-Diagramm bestitigt das Ergebnis der drei oben diskutier-
ten Korrelationen. Die Krumaver Gneise, beziehungsweise die Paragneise
nehmen ein lang gestecktes Feld ein, bei dem der Zr-Gehalt vom Ni-Gehalt
unabhéngig erscheint. Dazu gehdrt aber auch die zweite Gruppe der Dobra-
Gneise, die sich in fast allen anderen Diagrammen zum Paramaterial
hinordnen. Die erste Gruppe der Dobra-Gneise konzentriert sich deutlich
bet medrigeren Ni-Werten (um 1 ppm). Eine Erklirung wire wohl, dafl
in den Dobra-Gneisen Paramaterial enthalten ist.

5. K/Rb-Korrelationsdiagramm, Fig. 2

Das K/Rb-Diagramm zeigt eine gute Korrelation zwischen Kalium und
Rubidium, wies dies auch ScHroLL und GrRoHMANN (1965) angegeben haben.
Bei basischen Proben konnten leider nicht iiberall Analysen durehgefiihrt
werden, da der Rb-Gehalt oft unter der Nachweisgrenze der angewandten
Analysenmethode gelegen war. Paragneise und Orthogneise zeigen im
Bereich von K-Konzentrationen iiber 2% eine Koinzidenz. Das Feld der
Paragneise setzt sich jedoch bei einem mittleren K/Rb-Wert von 170 bis
zu einer K-Konzentration von fast 0,5% fort. Die Dobra-Gneise liegen
in einem weiteren Streufeld, dessen mittleres K/Rb-Verhiltnis mic 280
relativ hoch ist; nur die als Paragneise verdiichtigten Proben 27, 66, 73,
86, 99 des Dobra-Komplexes tendieren zu niedrigeren K/Rb-Werten.. -

Die Amphibolite des Dobra-Komplexes kommen bei einem mittleren
K/Rb-Wert von 300 im Feld der Basite etwa in der Verlingerung zu den
Para- und Orthogneisen zu liegen, Die iibrigen Amphibolite des Krumauer
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“Fig. 2: K/Rb-Korrelationsdiagramm.

Komplexes zeigen ein etwas niedrigeres K/Rb-Verhiltnis, so dafl sich fol-
gende Abfolge der K/Rb-Werte ergibt:

1. Dobra-Gneise.

2. Krumauer Gneise bzw. Paragneise.

3. Amphibolite des Dobra-Komplexes.

4. Amphibolite des Krumauer Komplexes.

Die K/Rb-Werte der Paragneise sind denen der Amphibolite aus dem
Krumauer Kompléx dhnlich.

Die Amphibolite des Krumauer Komplexes liegen fast durchwegs im
selben K/Rb-Konzentrationsbereich wie Amphibolite aus den Ostaipen.
Die K/Rb-Werte kommen denen des Dobra-Komplexes sehr nahe.

6. K/Ti-Korrelationsdiagramm, Fig. 3

Die Korrelation K/Ti trennt das Konzentrationsfeld von Basiten und
Felsiten fast vollkommen auf, nur die Proben 134 und 17 liegen auflerhalb
des Gneisfeldes. Die Probe 134 ist ein Paragneis. Die Probe stammt aus
dem Dobra-Komplex. (Die Probe 31 ist in bezug auf die Ordinate fehler-
haft eingezeichnet.)
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Die Paragneise decken sich im K/Ti-Verhiltnis zum Teil mit den
Orthogneisen. Trotzdem wird ein beschrinktes Feld von eindeutig erfafi-
barem Paramaterial sichtbar.

Die Dobra-Gneise verhalten sich vollkommen anomal, wobei die
Proben 1, 24, 37, 53, 66 und 73 sogar auflerhalb der iiblichen Ortho- und
Paragneise liegen. Sie zeichnen sich durch einen niedrigen K- und einen
hheren Na-Wert aus. Dagegen befinden sich die drel Proben der Dobra-
Gneise 27, 86 und 99 im Feld der sicheren Orthogneise. Indifferent ver-
hile sich die Probe 80, die aus einem Ubergang zum Kraumauer Komplex
stammt.

Recht auffillig ist, daf} die Basite einer anderen Regression folgen
als die Giblichen sialischen Gesteine. Die Regressionslinie der Dobra-Gneise
zeigt ebenso wie die der Basite eine positive Neigung, wobei allerdings
der Ti-Gehalt erniedrigt erscheint,

7. K/Zn-Korrelationsdiagramm

Die Mehrzahl der Dobra-Gneise liegt als Orthogneise im Bereich der
durchschnittlichen geochemischen Hiufigkeit beider Elemente. Die unter-
suchten Krumauer Gneise fallen aber in ein eigenes Feld mit extrem hohen
Zn-Werten.
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Von den Dobra-Gneisen fallen die Proben 27, 66, 86 und 99, auch
die nicht mehr eingetragene Probe 17, in dieses Feld der Paragneise. Die
Proben 66, 86 und 99 lagen in bisherigen Diagrammen vorzugsweise im
oder in der Nihe vom Feld der Orthogneise; nur die Probe 27 verhielt
sich in der Mehrzahl der Diagramme abweichend.

8. La/Y-Korrelationsdiagramm

Die Korrelation La/Y gestattet es ebenso, die Paragneise von den
Dobra-Gneisen und Orthogneisen zu unterscheiden. Eine Ausnahme davon
scheint nur die Probe 1 vom Dobra-Gneis zu machen. Die Dobra-Gneise
unterscheiden sich von den Paragneisen durch niedrigere Y-Werte, die fiir
gewGhnlich unter 30 ppm liegen.

9 Rb/Ba-Korrelationsdiagramm, Fig 4

Auch die Korrelation Rb und Ba scheint trotz der geringeren Proben-
zahl zu brauchbaren Ergebnissen zu fiihren, Dabei nehmen die Gesteine
der Dobra-Gneise und der Krumauer-Gneise charakteristische Felder ein.
Auffilligerweise liegen die Zn-armen Dobra-Gneise in elnem eigenen
Feld. Eine Ausnabme davon macht wieder die Probe 17. Die Zn-reichen
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Proben, mit Ausnahme von 73, riiken niher an das Feld der Paragneise
heran, bei denen fiir die Rb- und Ba-Werte die geochemischen Durch-
schnitte entsprechen. Bei durchschnittlichen Ba-Werten erscheinen die Rb-
Werte der Zn-armen Spitzer Gneise extrem klein.

10. Ca/Sr-Korrelationsdiagramm, Fig. 5

Orthogneise und Paragneise unterscheiden sich nicht wesentlich. Die
Dobra-Gneise nehmen wieder eine besondere Stellung ein, da ihre Sr-Werte
zu hoheren Konzentrationen tendieren. Dies trifft vor allem fiir jene
Proben zu, die anomale K/Rb-Verhiltnisse besitzen. Der Ca-Gehalt iibt
dagegen auf die Hohe des Sr-Gehaltes keinen Einfluf} aus. Es ist zu ver-
nuten, daf} der Sr-Gehalt mit der Na-Konzentration korrelierbar erscheint.
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Im Gegensatz zu den sauren Gesteinen zeigt der Sr-Gehalt vom Ca-Gehalt
der Basite keine Abhingigkeit. Interessanterweise liegen die Amphibolite
des Dobra-Komplexes, im Gegensatz zu denen der Krumauer Gneise, in
einem sehr engen Konzentrationsfeld, dessen Mittelwert etwa dem der
Dobra-Gneise entspricht, wie dies bei K und Rb bereits angedeutet wor-
den ist. Die Amphibolite des Krumauer Komplexes nehmen ein weiteres
Konzentrationsfeld ein, das dem der Basite angepaflt ist. Auch die
Krumauer Gneise zeigen ein sehr variantes Verhalten, wobei der Ca-Wert
in Relation zum Sr-Wert ansteigt, Im Gegensatz zum Dobra-Gneis scheint
es bei den Paragneisen keine Korrelation zwischen Ca und Sr zu geben.
Das wire vielleicht damit zu erkliren, dafl sich bei einem magmatischen
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Differenziationsprozefl oder bei partiellen Aufschmelzungsprozessen ein
Gleichgewichr einstellt, wihrend das urspriinglich sedimentire Material,
das variable Mengen von Mineralen mit sehr unterschiedlichen Ca/St-
Verhiltnissen, wie Calciumcarbonate, Plagioklase usw., enthalten kann,
im Verlauf der Metamorphose keine wesentliche Verinderungen erfah-
ren hat.

Bei den Dobra-Gneisen sind allerdings wieder die Proben 17 und 66
Ausnahmen, Beide Proben tendieren zum Paragesteinsmaterial.

11. CafTi-Korre_lationsdiagramm, Fig. 6

Sowie das K/Ti-Diagramm zeigt auch dieses eine negative Korrelation
der basischen Gesteine, Der Dobra-Gneis hat eine #hnliche Neigung.
Orthogneise und Paragneise nehmen weitgehend getrennte Felder ein.
Beide Felder durchschneiden das Konzentrationsfeld der Dobra-Gneise.
Jene Dobra-Gneise, die zum Typ der Zn-armen Gneise gehoren, liegen
eher im Feld der Orthogneise. Von den Zn-reichen Proben liegen 27, 86
und 99 im Feld der Paragneise, wihrend die Probe 66 eindeutig entartet
ist und die Probe 17 iiberhavpt im Feld der Basite zu finden ist. Die
Regressionsiinien der Ortho- und Paragneise scheinen sich in der Regres-
sionslinie der Basite zu schneiden. Die Amphibolite der Dobra-Gneise neh-
men wieder ein relativ enges Feld ein.

V. Zusammenfassung der geochemischen Auswertungen

Fiir eine endgiiltige Aussage ist selbstverstindlich die statistische
Masse noch immer zu klein. Trotzdem zeigen die Diagramme fiir die
Amphibolite, daf es sich auf keinen Fall um Paraamphibolite im klassischen
Sinne handelt. Die Amphibolite aus dem Dobra-Komplex und die Amphi-
bolite aus dem Krumauer Komplex lassen sich in ihrem Chemismus nicht
wesentlich unterscheiden, nur dafl die Dobra-Komplex-Amphibolite weni-
ger variant sind als die des Krumaver Komplexes. Die Letzteren tendieren
eher in das Feld der vorgezeichneten Orthoamphibolite, welches mit dem
der Olivinbasalte oder Olivingabbros iibereinstimmt. Diese Variation wire
vielleicht damit zu erkliren, dafl die Krumauer Amphibolite auch Tuffe
und tuffitisches Material enthalten konnen. Ansonst miiffte man annehmen
dafl die Differentiation ein stirkeres Ausmafl erreicht hat, Inwiefern die
Amphibolite im Dobra-Komplex als Basalte, Diabase, Dolerite, Tuffe
oder Tuffite aufzufassen sind, wire zu erwigen.

Die Krumauer Gneise lassen sich von den Dobra-Gneisen mit grofiter
Wahrscheinlichkeiten durch hohe Ni-, Co-, Cr-, Cu-, Y-, Ti-, Rb-, Zn-Kon-~
zentrationen unterscheiden, wobel vor allem die Werte von Ca/Ti, Ca/Sr,
K/Zn, K/Ti, K/Rb, Rb/Ba, Ni/Co, Cr/Ni und La/Y niitzlich erscheinen.
Selbstverstindlich diirfte ein Korrelationspaar nicht allein angesehen
werden, sondern es miifiten mehrere Elementpaare hiezu herangezogen
werden, so dafl die Wahrscheinlichkeit der Aussage erhht wird.
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Innerhalb der Dobra-Gneise diirften wenigstens zwei statistische Grup-
pen existieren, deren Kenntnis fiir deren Genese von Bedeutung sein diirfte.

Tabelle 5.
Proben Ny, 1 17 24 27 31 k¥ 53
Ni/Co 1 2 1 2 2 2 1
Cr/Ni 1 (2) 1 2 i 2 1
Ni/Cu 1 2 1 2 @ 2 1
Zr/Ni 1 2 1 2 2 2 1
K/Rb 1 2 1 2 1 2 t
K/Ti 1 1 1 2 2 (2) 1
K/Zn 1 2 1 2 1 1 1
Rb/Ba 1 1 1 2 1 1 1
CalTi 1 2 1 2 1 2 i
Gneistyp 1 11 I 1 112 m I
Proben Nr. 66 73 74 80 86 99
Ni/Co (2) 2 1 1 1 2
Cr/Ni 2 2 1 1 1 2
Ni/Cu 2 2 1 1 i 2
Zr/Ni 2 2 1 1 1 2
K/Rb 2 2 1 1 2 2
K/Ti (2) 2 1 @ (2 2
K/Zn 2 1 1 1 2 2
Rb/Ba 2 2 1 1 2 2
Ca/Ti 2 @ 1 1 2 2
Gneistyp I 11 I I 1m? 11

Die erste Gruppe der Dobra-Gneise diirfte aller Wahrscheinlichkeit
nach magmatogener Herkunft sein, Sie zeichnet sich durch ein relativ
hohes K/Rb-Verhiltnis aus (250, maximal 500), womit sie sich vor allem
von den iiblichen Orthogneisen unterscheidet. Thr Gehalt an Sr und Na
ist wesentlich hoher als der der iiblichen Orthogneise. Wenn es sich dabei
also um ein magmatisches Differentiat handeln sollte, so keinesfalls um
ein kalireiches Spitdifferentiat, wie es in der oberen Kruste aufzutreten
pflegt. Die zweite Gruppe der Dobra-Gneise ist weniger homogen und
liegt in einem weiteren Streubereich, Das Ni/Co-Verhiltnis erscheint in
dieser Gruppe ebenfalls erhdht. Sowohl der Ni-Gehalt als auch die Cr-
Konzentration erscheinen hoch. Auch der Zn-Gehalt kann anomal hoch
werden, wie ein Teil der Proben (66 und 27) zeigt. Die Ti-, Sr- und
Cu-Gehalte variieren stark und kinnen vor allem in Zn-armen Proben
schr gering werden. Einige dieser Proben, wie z.B. die stark anomalen
Proben 17, 27 und 66 sind wahrscheinlich auch als Paramaterial anzu-
sprechen.

In Tabelle 5 ist eine Zuordnung der zum Typ 1 und 2 auf Grund
der vorgelegten Diagramme vorgenommen. Die in Klammern gesetzten
Ziffern sollen andeuten, dafl die Zuordnung nicht sicher ausgesprochen
werden kann. Danach gehdren also, wenn etwa alle Kriterien entsprechen,
eindeutig zum Typ 1: 1, 24, 53, 74 und 80 und zv Typ 2: 17, 27, 66 und
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99. Mit noch hinreichender Wahrscheinlichkeit zum Typ 2 sind die Probe 73,
wihrend die Proben 31 und 86 eine Art Mischtyp unsicherer Zuordnung
abgeben. Der Typ 1 scheint auf allen Diagrammen vom typischen Ortho-
material abgetrennt — wihrend der Typ 2 stets in das Feld der Ortho-
gneise, bezichungsweise in den Uberschneidungsbereich mit Paragneis zu
liegen kommt. Der Typ 1 diirfte aber trotzdem, wie oben erwihnt, als
Orthotyp anzusprechen sein, der Na-Vormacht hat. Der Typ 2 kommt
entweder in das Feld der Orthogneise, oft auch in das der Paragneise zu
liegen, beziehungsweise zeigt extreme Streuwerte. Diese Gruppe ist waht-
scheinlich genetisch nicht homogen. Thr kann sowoh! normales Ortho-
material mit Kalivormacht zuzurechnen sein, als auch vor allem Para-
material. Hieher geh&ren alle extreme Proben, die bereits als Paramaterial
ansgewiesen worden sind. Vor allem die Zn-reichen Proben charakterisie-
ren das Paramaterial. Damit kann gezeigt werden, dafl auch vom geochemi-
schen Standpunkt der Dobra-Gneis nicht als eine genetisch-homogene
Masse zu betrachten ist.

Die Ergebnisse der petrographischen und geochemischen Untersuchun-
gen stimmen auch auffallend iiberein, wenn man die Proben 1, 17, 24, 27,
53, 74 und 80 in Betracht zieht (vgl. Tab. 5). Die Proben 31, 37 und 86,
die petrographisch zum Paratyp (Typ 2) gehbren, liegen im Ubergangs-
bereich. Die Proben 66, 73 und 99, die megaskopisch granitische Merkmale
zeigen und petrographisch dem Typ 1 zuzuordnen sind, weisen trotzdem
alle geochemischen Merkmale fiit sedimentire Herkunft auf (Typ 2).

Die vorliegenden Untersuchungen liefern den Beweis, daf} es niitzlich
sein kann, systematische Untersuchungen und statistische Aspekte fiir petro-
logische Probleme heranzuziehen. Um zu einem vollen Eifolg zu kommen,
wire es zwar notwendig gewesen, von jeder Population von Gesteinstypen
wenigstens 30 Proben zu untersuchen. Das wire im verliegenden Falle
etwa 100 bis 200 Proben gewesen. Auflerdem miifite die Elementverteilung
in den sedimentiren und magmatischen Ausgangsgesteinstypen noch besser
studiert sein, Die vorliegenden geochemischen Beobachtungen unterstiitzen
aber den Feldbefund trotzdem in ausreichendem Mafle.

Nachtrag

Ohne Kenntnis der vorliegenden Arbeit hat Frasr (1970) folgendes
festgestellt:

»Jedenfalls mochte ich fiir den Bitterscher Gneis und ebenso auch fiir
den Dobra-Gneis ein hauptsichlich suprakrustales Ausgangsgestein anneh-
men. Nicht nur, daff die Einschaltung von vielen diinnen basischen Lagen
bei vulkanischen Ablagerungen unschwer verstindlich ist;
auch die meist feinkdrnige Beschaffenheit kommt bei Gneisen aus vulka-
nischem Ausgangsmaterial oft vor. Kahfeldspataugen passen ohne weiteres
zu elner primiren vulkanischen Entstehung, wenn sie wie hier in beiden
Fillen bei optimaler reliktischer Erhaltung und schwacher Triklinisierung
noch idiomorphe Zwillinge mit emem feinschaligen Zonarbau emes ganz
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bestimmten Typs erkennen lassen (vgl. G. Frasr: Jb. Geol. B. A. Wien 1954,
Abb. 7, Taf. IX und p. 76 f. und 104).

Und schlieflich wiire es schwieriger sich vorzustellen, wie eine so diinne
Gneisplatte von 120km Linge aus einem rundlichen Granitpluton aus-
gewalzt wird, als wenn das Ausgangsmaterial bereits etwa eine Porphyr-
platte darstellt, z. B. das Ergebnis eines grofien Lineargusses, wie dergleichen
aus verschiedenen Ignimbritgebieten in der Literatur des letzten Jahrzehnts
bekanntgeworden ist.*
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Zeichenerklirung zu den Abb. 1—6
Amphibolite

Py Amphibolite aus dem Dobra Komplex
A  Amphibolite aus dem Krumauver Komplex
A Amphibolire {Janpa, ScHroLL u. SEbLAZEK [1965]), (ScHroLL, unverdffenclichr)

6-Maiersch, Bez. Horn — geb. Salitamphibolit

28-Elsenreich, Bez. Zwettl — Amphibolite eingelagert in Marmor

33-Halrerberg bei Raisdorf, Bez. Horn —— Fugnitzer Kalksilikatschiefer

34-Unterberg bei St. Corona am Wedhsel. Steinbruch auf der Strafle nach Aspang — Pyrit
fiithrender Amphibolit

38-Panzendorf, Ostrirol, Halde des Kiesbergbaues — Amphibolit

39-Buckelkarsee, Schladminger Obertal, Stmk. — Amphibolit

40-Berliner Hiitre, 1950 m — Femisches Relike (Biotit, Hornblende, Epidot) im Migmarit

41-Berliner Hiitte, 2000 m — Dunkler biotitreicher Anteil des Migmatites (mit Hornblende-
resten)

42-Berliner Hiitte, 1950 m — stirker injizierter Amphibolit

E-Steingraben, Hornblendegranulie

F-Steingraben, Hornblendegranulic

89-Diebsgraben am Wedchselgebiet — Griinschiefer

Mittelwerte fiir Amphibolite

& A ... G (CK) ~ Mittelwerte fiir Amphibolite der Kleinen Karpaten (Cambel, Kupto
1965)

A = 12 grobkdrnige Gabbros, epizonal-metamorph. 40—355%s Hbl. '

B = 17 Gabbro-Amphibolite bis Hornblendir, schwach metamorph, 45—65% Hbl. Teilweise
80—90%.
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C = 15 feinkérnige Amphibolite, retrograd und hydrothermal mer. 45—55% Hbl.
D = 26 basische Amphibolite schwach metamorph 55—75%0 Hbl.

G = 70 Amphibolgesteine der Kleinen Karpathen

B = Basalte

AB = Alkalibasalte

OB = Olivinbasalte

Th = Tholeite

BT = Basische Tuffite

Mel = Melaphyre

UB = Ulrrabasite

(TW) = Turxian und WEDEPOHL (1961)
(EE} = EncEL, EnGEL und HAVENs (1965)

Gneise

L) Gneise des Dobra Komplexes

@  Gneise des Krumauer Komplexes

s o} Orthogneise aus der Arbeit von GROHMANN {1965)
2-Bictescher Gneis, Kamptal-Bundesstrafie bei Schonberg
3-Spitzer Gneis, Stollen Dobra-Krumau, Halde bei Kamprohrbriicke
4-Gfghler Gneis, 4 km hinter Gfohl an der Strafle nach Kronsegg

48-Granitgneis, griiner, Gauerral, Rhicikon

49-Granitgneis des Bilkengrades, Rhiitikon

50-Granitgneis des Bilkengrades, Rhitikon

52-Granitgneis, Grimselpaf}, Ende des Haslitales

53-Granitgneis, Grimselstrafie, 2 km vorl. Stausee am Weg zum Grimselpaf

55-Granitgneis, Gamsboden, Furkaegg

59-Granitgnels, Tremola

60-Granitgneis, Antholzer Tzal, Rieserferner-Gruppe

P Paragneise ans der Arbeit vorn GROHMANN

5-Paragneis, Kamptal-Bundesstrafle, 2 km nérdlich von Schénberg
41-Paragnels, Kirchschlag bei Ottenschlag
42-Sillimanitgneis, Schneeberg, Kirchschlag bei Ottenschlag
71-Schiefergneis, Bruch der ,K&rntner Granitwerke®, Landskron bei Zauchen, Kirnten
83-Streifengneis, Radhausberg, Unterbaustollen, 1610 m
84-Streifengneis, Radhausberg, Unterbaustollen, 1225 m
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(G) = GROHMANN {1965}
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Heavy Mineral Content of Burdigalian and
Helvetian Sediments of the Molasse Basin,
Lower Austria
By Roperto C. MIzé #)

Direccidén Nacional de Geologiz y Mineria, Buenos Aires, Argentina.

With 4 plates, 2 figures and 3 tables

Abstract

The mineral content of Helvetian and Burdigalian clayey-sandstones
and shales from different core samples of the Molasse basin, Lower Austria,
was nvestigated in order to give a characteristic petrographical profile of
the area. Examination showed a total of 20 heavy minerals of detrital
origin, the most common of them being chlorite, chloritoid, clinozoisite,
epidote, garnet (by far the most abundant), ilmenite, magnetite, rutile and
tourmaline, The light minerals are composed of large quantities of quartz
and, in minor proportion, of different types of feldspars (acidic to inter-
mediate plagioclase, microcline, orthoclase), and variable amounts of
muscovite and calcite,

The shale units do not contain more than 4% of heavy minerals
whereas the most sandy formations contain between 6 and 7,5%.

The tabulated frequencies of the heavy minerals show appreciable
variations through the stratigraphical units. These variations, following an
undulatory pattern, are evident when the minerals are tabulated as belon-
ging to four main groups which are: 1) garnet, 2) more stable minerals
(tutile, sphene, tourmaline, zircon), 3) alpine metamorphic minerals {chlori-
toid, clinozoisite, epidote, green hornblende), and 4) opaque minerals. The
reasons for these variations are considered to be, 1) relative changes in the
weathering rates in the different source areas, 2) sorting during transpor-
tation, and 3) post-depositional alteration.

The main source area of these sediments appears to be the alpine
metamorphic rocks, the Limestone Alps and the Flysch. A minor contribu-
tion was probably derived from the igneous and metamorphic rocks of the
Bohemian Massive in the north. Finally the underlying Tertiary might also
have contributed to the sedimentary content of the basin.

1. Introduction

A general understanding of the relationship between the different
rock types is known in the Tertiary basins of the northern part of Lower
Austria. This knowledge is based mainly on the detailed faunistical studies

*) The following is a somewhat shortened version of the original manuscript sub-
mitted by R.C.Mir6; the changes were jointly carried out and approved by Prof. H.
WieseNEDER and Prof. H. KiippER, Vienna, September 1970.

16"
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carried out since more than hundred years (d’OrBiGNY, 1846; HOERNES,
1851; Sugss E., 1860).

The interpretation of the depositional environments and the paleo-
geographical distribution is also generally well known specially due to the
numerous boreholes drilled for the purpose of oil exploration (more than
1700 boreholes in the Vienna basin alone). Regarding detailed petrographi-
cal studies, interesting results were obtained by WIESENEDER & MAURER
(1958) 1in their study of the heavy mineral suites and their variations
across the stratigraphical column in the Vienna basin.

The present study is of the heavy mineral suites of the Burdigalian
and Helvetian sediments within the Molasse basin in Lower Austria. Sam-
ples were obtained from different boreholes in the area, drilled in the flat-
lying Molasse.

2. Stratigraphy

The Tertiary formations in the regions studied are well known stra-
tigraphically through the study of the outcrops and numerous boreholes.
Paprp and others (1968) have summarized the stravigraphical classification

Table 1. Molasse Basin (Notth of the Danube) ).

Unit ’ Stage Maximum thickness
Local development in Sarmatian 70m.
Hollabrunn and Altenmark 1
= Langentois
U;i e e e,
2 Grund Beds . }Kolsell?l:narkt 1
8 (Lower Lagenidian Tortonian - 1 130m.
% Zone) Wildendiirnbach 1
-9 Laa . 730 m.
& | Formation Upper Helvetian Porrau 2
755 m. -
IIIIIIIIIIIIIIIIIIIIIIIIIIIII Wildendiirnbach 4
290 m.
= Wildendiirnbach 4
G| Oncophora Lower Helvetian Wulzeshofen 2
2 Beds
§| ——— | —— ey ——
2
i Eggenburg Burdieali 580 m.
= Formation urdigalian Wildendiirnbach 4
Melk Aquitanian
Formation Charttian

*) For a comparison of older terms with the modern ones see A. Parr et al. (1968),
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of the Tertiary rocks. As it is pointed in this paper some difficulties arise in
the location of the stratigraphical Iimits of the different rodk units, because
previous workers have not made a clear distinction between rockstrati-
graphic and biostratigraphic units (Parp et al., 1968; pp. 25—26). It is
beyond the scope of this paper to discuss the merits of the different strati-
graphic classifications, here the Papp-classification is used (see Table 1).

3. Petrography

For the purpose of a detailed petrographical study samples were taken
from six main wildcats. The location of these boreholes and their general
stratigraphic limits are given fig. 1, see also Brix &«.GOTZINGER (1964},
GriLL (1968). Samples were taken from the basal, middle, and top parts
of each formation or unit.

Grain size analyses and heavy mineral-separation and -analyses were
done after the conventional methods, KRUMBEIN & PeTTIJOHN (1938).

As many as 20 different heavy mineral species were found. This
number does not include the varieties of each mineral species. The opaque
minerals were considered as a group for the purpose of counting, and some
references are given about the individual species. The presence of chlorite
group minerals and biotite was noted although they were not counted.
Only 11 of the species are preponderant and their variations characterize
the different mineral suites of the unit,

Table 2 shows the percentages by number distribution of all the heavy
minerals of each sampled section,

The light mineral fraction represents more than 90% in weight of
nearly all the samples. Therefore its importance in the sedimentary history
of the units is evident. Fast counting showed no large variation of the com-
ponents in the different samples throughout the stratigraphic column. For
this reason the individual species are described and only a qualitative
reference is made to their relative abundance, but the idea that interesting
results could be found from its quantitative analysis is not disregarded.

4, Mineralogy

The description of the more common heavy minerals follows below.
The relative abundance of the minerals is expressed in the scale given by
Evans, Havman & Majeep (1933).

Biotite is abundant and sometimes concentrated in the finer frac-
tions. It occurs usvally as basal flakes with irregular outlines with pale-
brown to dark reddish-brown colour. Gas inclusions in biotite are very
common, also in opaque material (Pl. 3, fig. 3). The major part of this
mineral goes always with the heavy fraction, The iron-rich varieties are
probably the most usual. In the Laa Formation biotite grains are very
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common, 1n the Oncophora Beds and the Eggenburg Formation there are
but fairly common. Biotite appears also in samples from the Flysch
(WoreTtz, 1951), 1t 15 present in the Helvetian and Pannonian, but is
nearly absent in the Tortonian and Sarmatian of the Vienna basin (WiEseNn-
EDER & MAURER, 1958),

Chlorite is common to very common in the Laa Formation even
in the clay fraction, and has with this a direct relationship. In the Onco-
phora Beds and the Eggenburg Formation sediments chlorite is fairly com-
mon, It occurs as pale-green to dirty yellow-green basal flakes with irre-
gular forms. Its possible derivation as a diagenetic alteration product of
biotite is here not indicated, because no transition stage was found in any
of the grains; the grain-size distribution of chlorite points more to a clastic
origin. It is more likely these are alteration products “in situ”. The same
idea has been expressed by WiESENEDER & MAURER (1958) for the chlorite
present in the sediments of the Vienna basin.

Chloritoid is a fairly abundant mineral with a regular distribu-
tion in all the samples. The grains are lacking of inclusions but have
usually cracks (PL.2, fig. 6, 7, 8, 9). Most of the dhloritoid occurs as
angular flakes with white-bluish to deep blue colours. Pleochroism of the
grains is generally faint. Chloritoid is also mentioned by WIESENEDER &
Maurer (1958) as a frequent mineral of Tortonian and Sarmatian sedi-
ments of the Vienna basin,

Clinozoisite is a fairly common to rare mineral component of
the Laa Formation but a common component of the Oncophora Beds and
the Eggenburg Formation sediments. It appears generally as colourless,
elongate, euhedral crystals with anomalous bluish interference colours
(PL. 2, fig. 1, 3, 4). Clinozoisite has not a constant relationship in its
content with that of epidote. In the samples of the Laa Formation the
relation between both minerals varies from 6 :1 to 4 : 1. In the samples
of the Oncophora Beds and the Eggenburg Formation the ratio between
clinozoisite and epidote is always less than 2.5 : 1.

Epidote, an abundant mineral in all vnits, is present in the form
of equidimensional to elongate subbedral grains with angular to sub-
angular outlines (Pl. 2, fig. 2). Most of the grains have a pistaccio colour
which is peculiar to the iron-rich variety (pistacite) and a weak pleochroism.
Corrosion of epidote is very pronounced and usually gives to the grains
“cockscomb” terminations. The distribution of the corrosion along the sur-
face of the grains is nearly homogeneous. The abundance of epidote in the
samples of the Helvetian and Burdigalian sediments of the Molasse strongly
contrasts with its rarity in the Vienna basin (WIESENEDER & MAURER, 1958).
The importance of epidote together with those of the garnet and the opaque
minerals is a common characteristic of the sediments of the Molasse basin
{Brrx, 1960; Janik, 1967).
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Garnet is the most abundant mineral of all the samples investi-
gated. The maximum content is found in the Laa Formation, where garnet
attains between 70 to 85% of the heavy minerals. Some lower content was
observed in the Eggenburg Formation, about 54% of the hedvy mainerals.
The most abundant variety of garnet is a reddish-pink almandine. The
presence of smaller amounts of pyrope was distinguished also from the
X-ray data.

Garnet occurs in the form of angular inequal grains and, in minor
amounts, as equal dodecahedral grains. The corrosion of garnet is strong,
but shows differences in its intensity along the units, generally in relation
with variations in the grain size of the sediments (Pl. 1, fig. 1, 2). The sur-
face etching of the grains has the form of a mosaic with nearly regular
edges (PL. 1, Fig. 5). There were observed grains with numerous and regular
conchoidal depressions, generally taken as percusion marks (Pl 1, fig. 3}.
The inclusions in garnet are sphene, zircon, apatite. They are in some of the
grains very abundant (Pl. 1, fig. 4, 6).

The abundance of garnet is a common characteristic of nearly all the
Tertiary sediments of Lower Austria (WoLETZ, 1954; WIESENEDER & MAu-
RER, 1958; Brix, 1960; Janik, 1967).

Rutile isa very common mineral in the samples of the Eggenburg
Formation, but fairly common in the Oncophora Beds and in the Laa
Formation. Two colour varieties were observed: golden-yellow and
reddish-brown. The reddish-brown variety is weakly pleochroic. The grains
are elongate subhedral with sub-angular to sub-rounded ends (PL 4, fig. 7);
twinned crystals were also observed.

Rutile is present in higher amounts in the Vienna basin {WIESENEDER
& MAURER, 1958) and in the Flysch sediments (WoLETZ, 1954).

Tourmaline is rare in the Laa Formation and Oncophora Beds,
but common in sediments of the Eggenburg Formation. Three colour
varieties of this mineral were distinguished: dark brown, blue and pink,
all with strong pleochroism. Tourmaline grains are subhedral with well-
rounded ends; spherical grains were observed in samples of the Eggenburg
Formation. Inclusions of gas and liquid and, in few grains, of opaque
material are common in tourmaline grains (P1. 4, fig. 4, 5, 6).

Zircon is rare in samples of the Laa Formation and Oncophora
Beds. In the Eggenburg Formation it is fairly common. The grains are
prismatical evhedral with well rounded edges. Some spherical grains
were also observed (Pl 4, fig. 1, 2, 3). Zircon is generally colourless and
contains few acicular inclusions,

Other heavy minerals were observed in the Tertiary sediments; they
are scarce to rare and are listed below with some remarks.

Apathite occurs in euhedral prisms with rounded to sub-rounded ends.
* Some acicular grains were observed. The grains are relatively fresh and
are carying from colourless to very pale blue (Pl. 2, fig. 5).
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Barite is a fairly common mineral in the sediments of the Laa Forma-
tion, but rare in the Oncophara Beds and the Eggenburg Formation. It
appears in grains of rhombic shape, its colour is varying from colourless
to light blue (PL. 4, fig. 8).

Green Hornblende is a rare mineral in all samples. The grains are
green to pale green and elongate or irregularly shaped, having strong
corroded ends (P1. 1, fig. 7, 8, 9).

Kyanite is rare in samples of the Laa Formation and the Eggenburg
Formation; it is absent in sediments of the Oncophora Beds; it occurs
as elongate grains with marked rectangular outlines and common inclu-
sions of opaque material (P. 3, fig. 4, 5, 6).

Monazite is rare to absent in all samples. However, a concentration
of this mineral was found in the lower levels of the Eggenburg Formation.
It appears as well-rounded grains with a reddish-brown colour.

Sphene is generally rare to absent, but it appears, as monazite does, in
small concentrations in the Eggenburg Formation. The sphene grains are
angular and contain abundant inclusions. In all the samples a pale yellow
colour variety was most commonly observed.

Staurolite is a rare mineral in the samples of the Laa Formation and
common in the Eggenburg Formation. The grains show faint pleochroism,
varying from nearly colourless to yellow, with a common platy form and
irregular outlines. The inclusions in staurolite are numerous and give a
porous appearance to the grains.

The whole group of opaque minerals in the samples of the
Laa Formation varies from 20 to 32%. In the Oncophora Beds the opaque
minerals seldom attain more than 20%, and in the Eggenburg Formation
the content varies between 35 to 38%. Three species were recognized:
ilmenite, magnetite, and pyrite. For the purpose of the counting these
species are considered as one group.

The most abundant of the opaque minerals is a black to darkish-gray
ilmenite, The grains are not fresh and usually show conchoidal fractures.
Magnetite appears also in abundant proportions as octahedral grains with
rounded edges. Pyrite is fairly common in the finer fractions as dusty
aggregates, usually associated with hematite,

The opaque minerals are abundant in all the Tertiary sediments of
the Molasse basin. In the Lower-Helvetian sediments of the borehole Moos-
bierbaum 2 the opaque minerals form about 50% of the heavy minerals
(Brix, 1960).

The light minerals are listed below in decreasing order of
abundance.

Quartz is abundant in all samples in the form of angular to sub-
angular grains with a dull surface. It is also present in the clay fraction,
Quartz grains with undulatory extinction and anomalous biaxial figure
are observed. Inclusions of zircon, graphite and apatite are common in
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most of the grains. Authigenic secondary enlargement of quartz was not
observed.

Muscovite is abundant in the samples of the Laa Formation and
Oncophora Beds; its grain size distribution in the sediments varies from
the sand to the clay fraction., It appears as basal flakes with irregular
outlines and frequent inclusions (PL 3, fig. 1, 2).

Calcite is a common to fairly abundant component of the sediments
of the Laa Formation and of the upper part of the Oncophora Beds. In
the Eggenburg Formation it is scarce to absent. It appears as angular to
sub-angular grains, concentrated in the very fine sand and sile fraction.

Plagioclase is common to fairly abundant in all the Tertiary sediments
and was observed in fresh or slightly to kaolinite alterated grains. With
common zonal structure and multiple twinning, the most common of which
1s according to the albite law. By means of this twinning the composition
of the plagioclase was recognized as acidic to intermediate (An 9—25). In
the Laa Formartion plagioclase is found associated with abundant small
inclusions of microlites of sericite and clinozoisite. This inclusions are not
taken as alteration products but as indication of retrograde metamorphism
“in situ” of the alpine rocks (WIESENEDER, oral communication).

Microcline and orthoclase are rare to fairly common in all the samples
in the form of flat grains with sub-angular outlines; the grains were ob-
served fresh and twinned.

Glaunconite was observed only in the Eggenburg Formation, particu-
larly concentrated at lower levels, forming glauconite-rich sandstones. The
grains are rounded with ovoid or polylobate forms, resembling foramini-
feral crusts, and their dull surface is cracked. The authigenic origin of glau-
conite in the Tertiary sediments has not been completely proved. The
derivation of this mineral could be expected from the underlying glau-
conite bearing sediments of the Cretaceous underground (Brix & GoTZIN-
GER, 1963).

Some rock fragments, dominantly of sedimentary origin, as f.1. those
of quartzites and siltstones, were specially observed.

CaCOj; determinations have been made on different samples in
order to find out its cement content. The uppermost lutitic Laa Formation
and the Oncophora Beds are the most calcareous, and among these, very
specially the samples of the type locality Laa a.d. Thaya. On the other
hand, the Eggenburg Formation has a very small carbonate content. These
results do well correlate with major induration and higher amount of
limestone fragments in the clastic fraction in the upper units, and major
friability in rocks from the Eggenburg Formation, with the exception of
the well indurated Glauconite Sandstone.

The values are lower than those found by Janik (1967) in samples of
the Burdigalian “Schlier” of Linz (Upper Austria} and are similar to the
lime content of the nearby Flysch rocks (N1EDERMAYR, 1966). The marly
levels of the different uniis ate not higher than 40% in carbonate content.
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Table 3.

Sample No oy CaCOs

(type loc) 21 23.65 19.4
Laz 19 9.9
Formation 13 9.11 9.5
15 11.1
Oncophora 13 5.78
Beds 10 12.4
Eggenburg 8 1.31 1.22
Formation é 8.04
Glauconite 4 1.94 064  0.82
Sandstone 1 2.16

The percentages are expressed in weight of CaCQs.

5. Mineral Content of The Samples

The mineralogical composition of the Burdigalian and Helveuan
samples of the flat-lying Molasse consists predominantly of quartz and
feldspar. The quartz-feldspar relation is close to one in most cases, but
rarely higher; the characteristics of the mineralogical species have already
been mentioned, but we would again point out the predominance of the
acidic to intermediate plagioclase among the feldspars, and the abundant
occurrence of sericitic microlites (retrograde metamorphism). The biotite
and muscovite content is equally high. This association of the light minerals,
essentially arkosic, does not directly correspond to the association of heavy
minerals, where a predominance of the metamorphic elements is observed.
The heavy minerals do not represent more than 7% of the total weight in
the analysed sandy samples. They have a high content of garnet and
opaque minerals and a regular abundance of the alpine metamorphic
minerals. The almandine is the predominant garnet species. The so called
alpine metamorphic minerals consist of epidote, clinozoisite, green horn-
blende and chloritoid, which correspond to a varied range of metamorphic
rocks of the Alps. Staurolite and kyanite are particularly scarce in the
observed Helvetian sections. The so called more stable mineral group
(zircon, rutile, tourmaline, monazite) appear in a scarce proportion and
their textural characteristics generally show a grade of maturity between
medium and advanced. The light fraction possesses a moderate to regular
alteration, but the heavy association shows the effects of a sharp alteration
(epidote, hornblende) and of a strong etching (garnet). This strong alte-
ration of the heavy minerals is considered post-depositional, that is, due
to diagenetic processes.

WIESENEDER & MAURER (1958) consider, that the chemical attack by
means of salty waters might be so strong, as to provoke changes of the
original proportions of the minerals in the Vienna basin {pg. 1169}. In
our case the sediments of the outcrops of the Laa Formation have been
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compared with corresponding Altenmarkt 1 and Wulzeshofen 1 boreholes.
The differences observed do not correspond here to natural variations
according to the relative solubility of the mineral species; therefore they
may be attributed to factors of provenance or predepositional selection.

The analysed Burdigalian and Helvetian sediments have been com-
pared by means of their heavy minerals to those belonging to adjacent
basins.

The comparison with sediments of other areas of the Molasse is
interesting; JaNIk {1967) describes the Miocene of Linz with a mineralogy
of the heavy minerals, which shows a marked similarity in its composition
and proportions with that described by us. The same is the case with the
mineralogical content of the Burdigalian sediments crossed by drillings in
the Tulln basin (Brix, 1960). The above examples do have a high content
of garnet and a regular abundance of epidote, clinozoisite, hornblende
and chlontoid. The Burdigalian and Helvetian sediments of the Vienna
basin show a garnet-staurolite association (WIESENEDER & MAURER, 1958).
Epidote and hornblende appears here in scarce proportions. This might be
due to two reasons

a) post-depositional alteration, already mentioned;

b) delution in the mineral complex due to a higher proportion of
staurolite and some stable minerals (zircon, tourmaline).

It is worthy of notice that the association garnet-epidote-hornblende
1s important in the outcroping sediments of the Burdigalian and Helvetian,
and also 1n all the sediments of the Pannonian of the Vienna basin.

For the purpose of a further discussion of the origin, the data pre-
pared by WoLETz (1951) regarding the Flysch, have been included. The
Cretaceous sediments of the Flysch have an equally rich association in
garnet, but the stable minerals appear to be sometimes predominant over
the alpine metamorphic minerals. The Eocene Flysch consists of, as far as
translucent heavy minerals are concerned, almost exclusively zircon {over
65%), tourmaline, rutile and apatite, strongly contrasting with the Ter-
tiary sediments of the Molasse.

Therefore it can be assumed as a result of our studies, that the “Bur-
digalian” and “Helvetian” sediments of the northern Molasse zone are
different from those of the Vienna basin of the same age on account of
their heavy mineral content.

6. Variations Throughout The Stratigraphic Column

The comparison of the differences and similarities in the quantitative
analysis of the mineral species leads to the following conclusions concerning
the factors, that may influence these variations. For this purpose there have
been included in a diagram (Fig. 2) the proportions of the four groups,
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into which the heavy minerals have been separated. The value of the
different unit levels have been placed vertically, keeping an approximate
equidistance. In order to point out the homogenity of the “undulations™
in the variations of the components, the scale of the garnet rates has been
invertedly placed.

In the Eggenburg Formation the heavy minerals represent between
4 to 7,1% of the total of the sand fraction. In the lower levels the pro-

fig- 2
Ist. Miocene Cycle 2nd. Miocene Cycle
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portion of the glauconite beds is not higher than 2,5%. As mentioned above,
glauconite represents up to 40% and not less than 25% of the sand frac-
tion. As an “a priori” estimate about the cause for the decrease of the
rates of the heavy minerals in these levels, we think that in general it 1s
accepted, that in environments of glauconite deposition the rate of sedi-
mentation is slow and the sediments associated with the glauconite are

characteristically mature (quartz-arenites, TRIPLEHORN, 1966).

In our case the mineralogical association of the heavy minerals garnet-
rutile-tourmaline, would correspond with what is expected in mature
sediments. This association rapidly changes towards the upper levels of
the Eggenburg Formation, and here an increase of the alpine metamorphic
minerals 1s observed.

In the medium levels of the Eggenburg Formation the association is
garnet-epidote-rutile-tourmaline. Among the stable minerals, rutle as well
as tourmaline are clearly predominant; both minerals appear in many
varied mineralogical species and forms.

The opaque minerals, mainly formed by ilmenite, do not show varia-
tions in the different levels of the Eggenburg Formation. The content of
staurolite increases progressively towards the upper levels of the forma-
tion, producing in its upper part, investigated in the borehole Porrau 1,
a garnet-epidote-staurolite-rutile-tourmaline association.

The unconformity, which separates the Eggenburg Formation from
the Oncophora Beds corresponds to a marked change in the relative
proportions of the heavy minerals, We observed an inversion in the
relative abundance of the stable minerals regarding the alpine metamorphic
minerals. In the Oncophora Beds the latter represent 25% of the non-
opaque heavy minerals, whereas the stable minerals do not exceed 8%.
Another variation is the disappearance or rather scarcity of staurolite
and kyanite. The opaque minerals diminish their proportions but are
equally frequent and garnet is somewhat more abundant. These charac-
teristics do not vary much through the Oncophora Beds, but at the top
of the unit it is possible to observe a decrease of the proportions of the
alpine metamorphic minerals, perhaps on account of an increase in the
garnet proportions. Therefore the sediments of the Tulln basin show a
decrease in the content of the stable and opaque minerals, and an increase
of the garnet and the alpine metamorphic minerals through uninterrupted
by the unconformity between the Eggenburg Formation and the Onco-
phora Beds. These trends are similar to those described in the sediments
of the northern Molasse. Unfortunately the Brix data do not extend as
far as to Upper Helvetian levels of the Laa Formation.

The alpine metamorphic minerals as well as the opaque minerals
increase once again in their proportions above the contact between the
Oncophora Beds and the Laa Formation. Garnet diminishes its relative
proportions towards the youngest levels of the Helvetian. The stable
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minerals practically keep invariably their proportion of less than 10%.
The variations, or their starting points correspond again to the boundary
between two units. The fact that these variations in the content of the
heavy minerals of the Burdigalian and Helvetian sediments correspond
with the limits among discordant units, might be considered with view to
possible tectonic implications. In this case the variation of the mineral con-
tent would correspond to relative variations of the relief surrounding the
basin. The possibility that these variations may correspond to processes of
post-depositional alterations seem to be less probable. The stable minerals
increase effectively towards the top of the units, but so do the alpine meta-
morphic minerals, which correspond to species of higher chemical instability.

Provenance

The heavy mineral associations found in the different levels are the
following:

Laa Formation: Garnet-epidote-chloritoid-rutile.

Oncophora Beds: Garnet-epidote-chloritoid-rutile.

Eggenburg Fan.: Garnet-epidote-chloritoid-staurolite-rutile-tourmaline.
Glauconite Sd.: Garnet-epidote-rutile-tourmaline-zircon.

These heavy mineral associations accompany a light mineral associa-
tion, mainly formed by quartz and plagioclase, predominantly acid in
almost equal proportions and, in smaller quantities, by muscovite and
potassic feldspar.

As a whole the mineralogical associations of the Burdigalian and Hel-
vetian sediments might originate from various metamorphic and inter-
mediate igneous rocks. The state of textural maturity of zircon and, in some
cases , of rutile and tourmaline, might indicate, that part of the contribution
might originate from sedimentary rocks.

The N and NW margins of the Molasse basin are formed by the
Bohemian Massif. The massif is formed by high and low grade metamorphic
rocks (Moravian and Moldanubian zones), intruded by plutonic masses of
diverse composition. An analysis done by Sravik (1952) during investiga-
tions of river deposits of the central region of Bohemia shows, the most
frequent mineralogical species, that result from the weathering of petro-
graphic types, varying from biotite granites to granodiorites. According to
his observations, zircon and titanite appear in variable proportions between
15% and 35%, and only in two cases they represent about 65% of the
total of the heavy minerals. The opaque minerals do not exceed 11% in
all the cases, being generally below 69%. Apaute is found in variable pro-
portions between 47 and 74%; in contrary to the two cases mentioned,

~zircon and titanite are particularly abundant; in the same samples the rate
of apatite is les than 30%. Hornblende is very scarce, although one sample
is described with a 30% content. Biotite is equally very scarce in all the
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samples (less than 0,5%). This low value in the biotite proportions would
indicate, that the rates found should be considered with some reservation
especially because some of the analyzed samples correspond to the product
of weathering of biotite granites. It may be assumed that some samples have
been collected in critical zones of differential sorting during transportation.
The values found by Sravik (1952) as a result of weathering of the igneous
masses of the Bohemian Massif would indicate that, at least partly, the ar-
rangement of the stable minerals observed by us might have a similar origin.
In this connection the scarce content of apatite, found in the sediments of
the Molasse basin (Table 2) might be explained by the higher chemical
instability of this mineral, as compared with other minerals.

As mentioned above the sediments of the Eocene Flysch are particularly
enriched in zircon, rutile and tourmaline {WoreTz, 1951). The fact that
among the Burdigalian and Helvetian sediments of the Molasse there have
been found thesesame minerals with characteristically mature textures,
indicates, that Flysch constitutes a positive element adjacent to the basin,
and that the products of its weathering might have been transported, at
least partly, into it.

WIESENEDER 1n his very interesting study 1953 determined the principal
possible origins of the different mineral associations present in the sediments
of the Vienna basin. According to him the provenances could be grouped in
two types: 1. alpine and 2. from granites. The sediments of alpine prove-
nance have been subdivided, according to its mineralogical association in,
1a) garnet-hornblende-epidote-staurolite-kyanite, or 1b) garnet-horn-
blende-augite-epidote-zircon. The latter would correspond to the “Alpine
province” but of high metamorphism. The association that might correspond
to a granitic origin would be, zircon-tourmaline-apatite-biotite. It is evi-
dent that the sediments of the Molasse are of a very similar mineralogical
association like those described by WreseneDER (1953) as originated in the
Alpine province. Taking into account that this association is predominant
throughout the different analysed levels of the Molasse, it may be said,
that alpine rocks were the main source of contributing material to the
Molasse during its two Miocene sedimentary cycles. GrimM (1957) has
also recognized the mineralogical association epidote-clinozoisite-green
hornblende-staurolite-kyanite in sediments of the Bavarian Molasse; he has
considered it as originating from the same Alpine province.

Thus we might conclude, that the sediments of the Burdigalian and
Helvetian of the northern Molasse basin might have originated as a result
of the weathering of the high and low grade metamorphic rocks of the
Alps; furthermore, they might have received considerably less contri-
bution from the plutonic rocks of the Bohemian Massif and of the pre-exis-
ting sediments of the Flysch. In this connection the scarcity of apaute must
be emphasized; for the rocks contributing do have a high content of this
mineral and the apatite content found in the sediments of the Molasse basin
is very low.
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PLATE I

Figure 1, 2, 3, 4. Garnet. Laa Formation
5, 6. Garnet. Oncophora Beds
7. 8, 9. Hornblende. Laa Formation

PLATE 11

Figure 1, 3, 4. Clinozoisite, Laa Formation
2. Epidote. Eggenburg Formation
5. Apatite. Eggenburg Formation
6, 7, 8, 9. Chloritoid. Laa Formation

PLATE 1II

Figure Mica with sphene and opaque inclusions. Laa Formation

1,2, 3.
4, 5, 6. Kyanite. Laa Formation
PLATE IV

Figure 1, 2, 3. Zircon. Eggenburg Formation
4, 5, 6. Tourmaline. Eggenburg Formation
7. Rutile. Laa Formarion
8. Barite. Laa Formation

Jabrb., Geol. B.-A., 1971, Sonderband 17 13
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PLATE 2
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PLATE 3
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PLATE 4
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Contribution to the Study of the Nohagen
Metadiorites

By Lurz FERNANDO ScHEIBE & NizaR JaFERALI MAHERALL ™)

1. Iatroduction

While mapping the area West of Hohenstein, the authors studied the
northern part of 2 body of dioritic composition, described by F.BECKE
(1882, cit. WALDMANN, 1963) as the “Kornigflaserig Dioritschiefer von
Niéhagen”. In this paper particular emphasis was put on the petrographic
study of these rocks. This paper is a shortened text form of our final
Unesco-course report which is equipped with figures and one geological
map.

2. Location and Access

The Nohagen Metadiorites occur near Nohagen, in the Mautern
Quadrangle, Lower Austria. The approximate geographical coordinates of
the area are 15° 26" E. W. and 48° 28" N. The area is easily accessible by
road and lies about 20 km N'W of Krems,

3. General Geology

The area belongs to the Moldanubian Zone of the Bohemian Massive
in Austria. The main geological units are coarse grained biotite-plagioclase-
sillimanite gneisses; fine-grained biotite-plagioclase gneisses; amphibolites;
cale-silicate rocks; pyroxene-plagioclase gneisses; marbles; and the meta-
diorites. These rocks are intensely folded, with dominance of NE directions.
Prygmatic folds as evidence of migmatization are common.

4, The Metadiorites

41, Occurrence

The pare of the body which was studied occurs in Néhagen and sur-
roundings, and has an irregular shape which protrudes towards the NE, in
the direction of the course of the River Krems. Best exposures are in the
escarps of the valley of this river, but outcrops are common in top of the

hills.

*) The authors participated from the 1969/70 Post Graduate Training Course for
Geology, sponsored by the Republic of Austria, UNESCO and Organization of Ameri-
can States.

Present adresses; L. T, Scrrise, Rua Joaguim Costa 37, Florianopolis {SC), Brasil,
N. J. MaHeraLl, P. O. Box 903, Dodoma, Tanzania.
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The body is included in the coarse-grained biotite-plagioclase-silli-
manite gneisses, and, near the contact with this rodk, it occurs an inter-
calation of cordierite-garnet-biotite-plagioclase gneisses (“Kinzigites” des-
cribed by WaLpmann, 1963, 1967), whose characteristics are discussed
below.

42. Structure

The metadiorites show variations in the structure, from massive (in
the coarse grained parts) to gneissose (in the fine and medium grained
parts, towards the contacts). This fine-grained rock shows good orientation
of the biotites and it was possible to trace some folding in it. The inter-
calated layers of cordierite-garnet-biotite-plagioclase gneisses show complex
folding, with s-planes and fold axis whose attitude do not conform with
the general trend of the area.

43. Petrography

The meta-diorites are dark green, sometimes spotted, with medium to
very coarse grained texture, pegmatitic in places, also fine grained in
others. The massive character of the rock makes a contrast with the gneisses
of the area.

In thin section, plagioclase, hornblende and biotite are the dominant
minerals, as shown in the following table:

Estimated modal composition of the Meta-diorites
H-22 H-24 H-104 H-125 H-127 H-128 | H-129

Plagioclase 40%s | 40% | 50PN | 60% | 20% 35% | 55%
Hornblende 180/ 40%, 25%, 10%, 500/ 500/ 200
Biotite 38% 15%% alter, | 30% 15%0 13% | 20%
Quartz tr. 3% — —_ — - —
Sphene tr. tr. 200 tr. 2% tr. .
Apatite tr. tr. 2/ | tr. 3% tr. ir.
Zircon tr. tr. T, . | tr. tr.
Opaque tr. tr. tr. w. | ot tr. I
Microcline - - — - 10% 1 — —
Epidote 2% 2000 tr. tr. tr. 2% tr.
Chlorite tr. tr. 200 | tr. ¢t tr. tr.

Plagioclases were found (Universal Stage) to be of labradorite com-
position (55% An.), with normal zoning or with a “stained” feature, and
complex twinning. In some samples, they are highly saussurnitized.
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Hornblende is pleochroic from light to dark green. Some samples
contain relics of pyroxene, revealing that uralitization has taken place.
The cleavage planes are sometimes accentuated by the deposition of opaque
- mineral, and sphene in rounded crystals is usually included.

Biotite is pleochroic from light yellow to reddish brown, and some-
times intergrown with the hornblende. Shows alteration to chlorite (pen-
ninite) with exsolution of sphene, and, in H-104, is completely altered.
Other alteration products are epidote (weakly pleochroic from colourless
to pale green, with high birrefringence, low extinction angle, length fast
or length slow, and angle 2 V around 90°) and muscovite. Zircon as inclu-
sions produces pleochroic halos.

Quartz was detected in one of the samples only (H-24), as some
large fractured crystals. Microcline in large crystals occurs in the coarse
grained diorite (H-127). Apatite occurs as an exsolution product and the
opaque minerals show rectangular shape and alteration to limonite, beeing
possibly pyrite.

5. The Cordierite-garnet-biotite-plagioclase Gneisses

These gneisses occur as layers in which the alignement of the garnets
accentuates the banding. They include layers of seemingly amphibolitic
composition, deformed giving “boudinage” features, as well as some
carbonated layers. The garnet crystals are large and sometimes reach 6 cm
in diameter. These cordierite-garnet-biotite-plagioclase gneisses are dark
coloured, with a bluish tint.

In thin section these rocks show a cordierite content which ranges from
20%—40%. This mineral occurs in xenomorphic masses which include
quartz, plagioclase, sphene and relies of biotite, an indication that the
mineral is formed later than the others. Cordierite in places shows pseudo-
hexagonal twinning and is partially altered especially along the cleavages
and fractures to a yellowish mineral {(faintly pleochroic, parallel extinction
and 1st order interference colours — blue). Garnet occurs up to 20% and
forms large porphyroblasts with oriented inclusions.

The quartz content amounts to 409 of the rock in one sample.
Biotite is strongly pleochroic and is extensively altered to chlorite. The
amount of andesine is reduced to 5%. Sillimanite, kyanite, apatite, graphite
and zircon (inclusions with pleochroic halos in both biotite and cordierite)
occut as accessory minerals,

6. Conclusions

The rocks of the area belong to the high temperature field of the amphi-
bolite facies (ScHEBE & MasERALL 1970), probably attained during the
Variscian Orogeny. Possibly during this Orogeny occured the emplacement
of the diorites. The syntectonic character of these rocks is evidenced by the
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orientation of the planar constituents in the contact zone of the body. The
absence of orientation in its central parts, together with the lack of con-
cordance of the structures indicate that the metadiorites did not suffer all
the tectonic efforts which led to the formation of the gneisses of the area.

The formation of the cordierite-garnet-biotite-plagioclase gneisses,
whose paragenesis is from the amphibolite-granulite transitional facies,
could be related to a local temperature gradient due to the intrusion of
the meta-diorites. However, a better study of these rocks is needed to make
clear their origin and relationships.

The alteration of the biotites of the meta-diorites to chlorites, with
exsolution of sphene, is one of the evidences of retrograde metamorphism
which affected the crystalline rocks of the area, and which 15 possibly
relatved to the Alpine Orogeny.
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