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INTRODUCTION

This volume includes a number of papers presented to the 4th International Congress on
Jurassic Stratigraphy and Geology held in Mendoza, Argentina between October 18th and 23rd,
1994, under the sponsorship of the International Commission on Stratigraphy (ICS), the International
Subcommission on Jurassic Stratigraphy (ISJS), the Argentine Geological Society of Argentina and
the Argentine Stratigraphical Committee.

This meeting was one of a series which began with the Ist and 2nd Jurassic Colloquia
(Luxemburg, 1962, 1967), the William Smith Symposium (London, 1969) and the 1st, 2nd and 3rd
Jurassic Symposia held respectively at Erlangen (Germany, 1984), Lisbon (Portugal, 1987) and
Poitiers (France, 1991). The next Congress will take place in Canada (1997). These scientific events
offer an opportunity for specialists from around the world to discuss the results of the research into
various aspects of the Jurassic, to examine classical sections, and to plan future activities.

The Congress had 133 participants from 27 countries. Presentations amounted to 126, 97 of
which were read at the sessions. Ten of these were part of an IGCP 322 Symposium, while 11 were
posters. Additionally, there were six plenary lectures on selected topics.

The Scientific Sessions were held at the CRICYT-CONICET, Mendoza. The Opening
Ceremony was held on Wednesday, October 19th 1994, at the Convocation Hall of the Cuyo National
University. It was followed by a remembrance ceremony at Cerro de la Gloria. Poster Sessions were
held on Saturday October 22nd, 1994 and the IGCP 322 “Correlation of Jurassic Events in South
America” held a scientific and administrative meeting on the afternoon of October 22nd and the
morning of October 23rd.

On the afternoon of October 23rd there was a general meeting of the International
Subcommission on Jurassic Stratigraphy (ISJS) and its Working Groups (WG). This was chaired by
the ISJS Chairman, Professor Dr. R. Enay. An opening presentation, by the Chairman of the
International Commission on Stratigraphy (ICS), Professor Dr. J. Remane, was devoted to the guide-
lines of ICS and their bearing on Jurassic Chronostratigraphy.

Communications delivered during the Scientific Sessions were devoted to: Stratigraphy and
Correlation (Definition and correlation of lower boundaries for the differents stages of the Jurassic
System by different fossil groups, magnetostratigraphy and radiochronology; Stratigraphical and
geographical coverage included Lower, Middle and Upper Jurassic of Eurasia and the Circum-
Pacific), Sedimentary Geology and Tectonics (Basin analysis, sequence stratigraphy, Regional
Geology, Tectonics and Environmental facies and diagenesis of the Jurassic System; Case studies
were from the Andes, Antarctica, the North Atlantic, Central-Eastern Europe, Africa and Asia). They
showed the strength of Jurassic studies around the world and the increasing interest in new topics and
approaches.

All abstracts were published in a special volume which was distributed during the Congress.
Participants giving oral presentations were invited to submit manuscripts for publication. By
November 30th, 1994, the Organizing Committee had received 54 manuscripts, which were refereed
for publication here.

Several field excursions were organized for the Congress. The Pre-Congress field excursions
took place from October 15th to 18th. They were attended by 53 participants who visited the Lower
Jurassic of Arroyo Lapa-Catan Lil-Chacay Melehue, the Middle Jurassic of Charahuilla-Chacay
Melehue-Vega de la Veranada, and the Upper Jurassic of Vega de la Veranada-Chacay
Melehue/Rahueco-Manzano Guacho sections, all in Neuquén Province. The sections exposed most-
ly proximal to distal marine facies. An intra-congress excursion took place on October 21 and was
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OFFICIAL SPEECHES

OPENING CEREMONY

Prof. Dr. Raymond ENAY
Chairman of the International Subcommission on Jurassic Stratigraphy (ISJS)

Sefioras y Seiiores, Ladies and Gentlemen:

As chairman of the International Subcommission on Jurassic Stratigraphy it is my pleasure to
open the Congress and I welcome you to Mendoza to our 4th International Congress on Jurassic
Stratigraphy and Geology.

This Congress has a peculiar significance. It is the first to be held outside Europe. Some of
the oldest participants here attended and remember the two Colloquia in Luxembourg (1962, 1967).
The next three, after the renewal of the Subcommission, were held in Erlangen, Germany (1984),
Lisbon, Portugal (1987) and Poitiers, France (1991). Europe was birth place of Jurassic Stratigraphy,
and Stratigraphy itself, but it is not the only place where Jurassic stratigraphy and geology have since
made progress. That is the main reason for the choice we made in Poitiers of Southern America and
specially Argentina, a country where increasing new and important results were obtained during the
recent decades.

Before I proceed I wish to thank warmly the organizers of the Congress and primarily Dr.
A.C. Riccardi who accepted in Poitiers the task of organizing the next Congress; also all the people
who collaborated with him at any level; I do not name names for fear of forgetting many, but I thank
everyone gratefully for the success of the Congress.

When reading the list of participants it appears that at the Congress meeting together in
Mendoza will be scientists of numerous countries around the world and from all continents. This
proved goundless the fears expressed that too few participants from outside South America would be
able to attend. Nevertheless, we notice some oustanding absentees such as the organizers of the last
Congress in Poitiers, Prof. E. Cariou and Dr. P. Hantzpergue, both prevented from attending the
Congress by lack of financial support. Also, recently we were informed of the illness of the past chair-
man of the Subcommission, Prof. A. Zeiss. We hope and wish him a speedy and complete recovery.

With such a large number of diverse participants we hope and we are sure that the Congress
will bring together many fine scientific works to a broader scientific public on Jurassic Stratigraphy
and Geology. This is one of the purposes of the Jurassic Congress and the Subcommission to show
and prove that Jurassic Stratigraphy is still alive and active. The other is to allow to meet together
Jurassic stratigraphers to discuss new results, further research work, new and/or different stratigra-
phical tools in use, for example Sequence Stratigraphy on which numerous papers will be presented
during the congress. Also, and this is the concern of the chairman of the International Subcom-
mission, to discuss formal questions on Jurassic Stratigraphy, such as fine definitions of the bound-
aries for stages, series and the System itself.

Thus we come to the tasks of the International Subcommission on Jurassic Stratigraphy about
which I am asked sometimes by some colleagues, specially the youngest, concerning its purpose. In
short, its main goal is to come to a common language in the usage of chronostratigraphical terms. I
shall not develop this point because the task is the same for all the Subcommissions who follow the
Guidelines defined by the International Commission on Stratigraphy. This aspect will be surely dealt
with by the chairman of the International Commission on Stratigraphy, Prof. J. Remane. A meeting



of the Jurassic Subcommission and its Working Groups is scheduled during the Congress, to which
all interested people are invited. )

To conclude, I am sure the 4th International Congress on Jurassic Stratigraphy and Geology
in Mendoza will be successful, owing both to the organizers and the participation of scientists from
many countries around the world.

I welcome you again and wish all a good and successful Congress.

Prof. Dr. Jiirgen REMANE
Chairman of the International Commission on Stratigraphy (ICS)

Ladies and gentlemen, dear colleagues:

This 4th International Congress on Jurassic Stratigraphy continues the tradition of the famous
Luxemburg Colloquia in the 1960s.

The previous International Congresses on Jurassic Stratigraphy have all been held in Europe.
Therefore, I think that it was a very good idea to go to the New World this time.

It should be stressed that these Jurassic Congresses are no ordinary intrnational meetings.
They have to prepare international agreements on Jurassic stratigraphy. The most important task of
ICS, which is sponsoring this congress (at least morally), is indeed to establish a stratigraphical stan-
dard scale which can be used worldwide. For the subdivisions of the Jurassic system, this task is
under the responsability of the Subcommission on Jurassic Stratigraphy, whose chairman, Prof. Enay,
gave the preceeding talk.

To accomplish this task is of vital importance for the geologic community, and here, the 4th
International Jurassic Congress plays and important role, also in offering to stratigraphers from all
over the world the possibility to study famous classical regions of Jurassic stratigraphy. Speaking of
such classical regions, many of us in their “eurocentric” perspective may not have been aware that
research on the Jurassic of the Neuquen Basin has a 100 years old tradition, with famous names like
WINDHAUSEN, GROEBER, BEHRENDSEN and STEUER.

Those who have participated in one of the pre-congress field-trips, will have been deeply
impressed by the beauty of the Jurassic series of the Neuquén Basin, series incredibly rich in fossils.
Thanks to the excellent guidance of our Argentine colleagues, we have obtained a clear picture of
these fascinating successions. At the same time, our Argentine colleagues have demonstrated that
their research on the Jurassic continues, with new approaches and new ideas.

So, it was indeed an excellent idea to have the 4th International Congress on Jurassic
Stratigraphy here in Mendoza. However, we should also be aware of the fact that all this would have
been impossible without having such an efficient and dynamic organizer as Dr. Riccardi.

To conclude, I want to express my best wishes for the success of the 4th International
Congress on Jurassic Stratigraphy, although considering the premises mentioned above, I am cértain
that this congress will be a great success.

Prof. Dr. A.C. RICCARDI
President of the 4th International Congress on Jurassic Stratigraphy and Geology

Dr. R. Deis, Representative of the Secretary of State in Science and Technology, Dr. E.
Lavandaio, representative of the Secretary of Mineral Resources, Lic. F. Leiva, Representative of the



Govemor of Mendoza Province, Prof. Dr. . Remane, Chairman of the International Commission on
Stratigraphy, Prof. Dr. R. Enay, Chairman of the International Subcommission on Jurassic Strati-
graphy, Dr. H. A. Leanza, President of the Argentine Paleontological, Dr. P N. Stipanicic, Honorary
President of the 4th International Congress on Jurassic Stratigraphy and Geology, Ladies and
Gentlemen: '

At the final session of the 3rd International Symposium on Jurassic Stratigraphy (Poitiers,
France, 1991), I proposed that the following meeting should be held in Argentina. We were honored
with the acceptance of the proposal and an important responsability was bestowed upon us. For the
first time a meeting dealing with the geological System on which Europeans have made fundamen-
tal contributions to stratigraphy, would be held outside Europe.

That acceptance implied an opening and an encouragment to new research in the Jurassic of
different parts of the world and, specially, of the American continent.

That is what we felt at the time and that is why we proposed a change in the name of these
meetings, to show more accurately their importance and significance to Geology. In that way began
the shaping of the 4th International Congress on Jurassic Stratigraphy and Geology.

For three years we have worked hard in order to achieve this meeting. We selected Mendoza
as its site, because this city is close to the best marine Jurassic in South America and because it could
provide many foreigners with a unique opportunity to obtain a feeling on the social and cultural
aspects of our country. From there it was not an easy task to coordinate the field trips that would pre-
ceed and follow the scientific sessions, but we did our best.

The 4th International Congress on Jurassic Stratigraphy and Geology was declared of National
Relevance by the Argentinian Government and received the sponsorship of the Provincial
Governments of Mendoza and Neuquén, as well as that of the municipal govenments of Mendoza,
Zapala and Chos Malal. Important national and international institutions gave their support, such as
the Third World Academy of Sciences, the Academia Nacional de Ciencias (Cérdoba and Buenos
Aires), the International Science Foundation, the National Academy of Exact, Physical and Natural
sciences, the Cuyo National University, the University of Mendoza, and the Geological and
Palaeontological societies of Argentina. It should also be mentioned the support of the National
Research Council, the Secretary of Mineral Resources, CRICYT-CONICET of Mendoza, and several
private companies.

From a scientific point of view we have tried to ensure that this Congress would become a
forum not only to discuss biostratigraphical problems, but also on sedimentology, tectonics, magma-
tism, paleogeography and regional geology, and their relevance to Jurassic stratigraphy. Therefore,
the field trips were organized to give an integral view of the Jurassic, including a variety of geolog-
ical fields. In the same vein several conferences will be delivered during the scientific sessions, in
which an overview of the Jurassic of Argentina will be offered.

I wish to thank all members of the Organizing Committee and to all those who have worked
and helped to materialize this Congress.

To our visitors, coming from almost thirty different countries, my hope that this Congress will
meet your expectations and that you will find in it new scientific challenges and a better under-
standing with all those that share the same interest.

It is an honor to have all you here. Welcome to Argentina and my best wishes for a success-
ful stay here. Thank you. Muchas Gracias.



HOMAGE TO CHARLES DARWIN

Prof. Dr. Robin WHATLEY
Institute of Earth Studies, University of Wales, Aberystwyth, UK

1 am deeply conscious of the honour bestowed on me in being invited to make this dedica-
tion. My old friend Alberto Riccardi has long known of my devotion to the man and his works. I sup-
pose that it was logical of him to select a fellow Englishman to say these words; what he did not
appreciate perhaps, from among the august gathering present, I had other claims. One is that I live
and work only some 75 miles west of Shrewsbury, Darwin’s birthplace and that, as a Man of Kent, I
was born and bred not too far from Down House, where Darwin spent most of his life on his return
to the UK. I also own a gundog called ‘Darwin’ and two others named ‘Wallace and ‘Huxley’!

During recent years, I have re-read many of Darwin’s major works. Notable among these
were the ‘Journal’, the ‘Narrative’, “Zoology of the Voyage’, ‘Geological Observations on South
America’ , ‘On the Origin of Species’ ... and I The Descent of Man ... ‘Additionally, since I also have
laboured in the vineyard of crustacean systematics, I have browsed with interest and admiration
through his four splendid monographs on barnacles. Also, I have enjoyed the singular advantage of
having seen for myself many of the geological and biological phenomena which Darwin experienced
in Brazil, Uruguay, Argentina, the Falklands/Malvinas and Chile.

Having now re-experienced Darwin’s major writings from a more mature standpoint, I was
struck above all by two things: Firstly, what a joy it is to read the working of a mind of such depth,
such width and such clarity. Already an accomplished polymath in his twenties, his unique genius
pervades every page; if only we could persuade young scientists to read him in the original and not
rely on the ‘commentaries’ of others. It is a dreadful endictment of the current academic situation
worldwide, where in our Universities, we are witnessing the sacrifice of scholarship on the altar of
the three pernicious evils of Political Correctness, the Rule of the Accountant and the intervention of
politicians and their academic (so-called) fellow travellers that Darwin today would be rejected out
of hand by the gadarene swine who either run or control our institutions of higher education.

Secondly, across the spectrum of his observations in the realms of biology, geology, palaeon-
tology, zoogeography etc. it is clear that his sojourn in South America had the most profound effect
upon the subsequent development of his theories. All too often, it is his experience of the Galapagos
Islands with their specialized and highly adapted faunas, which are thought to have had the greatest
influence on the formulation of his theories of evolution. Darwin himself in his private journal which,
after his return to Britain on 2nd October, 1836 remained unopened until the succeeding July, states
that: ‘Had been greatly struck from about the month of previous March on character of South
American fossils and species on Galdpagos Archipelago. These facts (especially latter) origin of all
my views’!

However, without wishing to dispute with the great man himself nor to detract from the
importance of that short visit to the Galépagos (15th September-20th October 1835), I submit that his
much longer acquaintance with continental South America, Tierra del Fuego (Isla Grande) and the
Falklands/Malvinas had an equally profound influence on Darwin’s thinking. The Beagle set sail
from Devonport on 27th December, 1831 and arrived in Bahia, via various Atlantic Islands on 29th
February, 1832. She finally left Perti on 7th September, 1835, which afforded Darwin 2 years and 7
months to make a multitude of observations in so many different terraines, terrestrial and aquatic.

During this time, Darwin visited the Brazilian rain forest and the marine littoral of Botofago
Bay, the pampas of Uruguay and Argentina, the littorals of the rivers Panama4 and Plate. He traversed



the arid pampa and steppe of Patagonia and penetrated the Patagonian heartland via the Rio Santa
Cruz. He spent a month in the Falkland/Malvinas Islands and six months in Tierra del Fuego plus a
considerable time in Chile, during which he crossed the Andes to Mendoza and back, making impor-
tant observations on Andean phenomena, and others in the Gran Cuyo. After a brief sojourn in north-
ern Chile and Peru, the Beagle then set sail for the Galépagos.

Having experienced so many environments and their faunas and floras in South America,
Darwin inevitably took the opportunity to compare and contrast them and to rationalize the differ-
ences he saw. This is very evident in the ‘Journal ...” by the numerous references, especially in the
later chapters, to phenomena seen earlier, in other parts of South America. For example, on arriving
on the Argentinian side of the Andes, via the Portillo Pass, one of his first observations was on the
great similarity between the mammalian and avian faunas of the Gran Cuyo and that of “the desert
plains of Patagonia” and also the singular lack of similarity between these biotas and that of Chile.
Such observations were clearly of great ecological and zoogeographical potential significance to his
future thinking and he was already able in 1835 to advocate that it was the physical barrier of the
Andes which rendered the Chilean and Mendozan biotas so distinctive.

His observations on the elevation of Mesozoic fossiliferous strata to the great heights at
which he encountered them in the Andes, shows that he was undaunted by the strength and extent of
the tectonic processes required to achieve this. He was also able, based on their fossil shells, to deter-
mine that they had been deposited at some considerable depth. Space precludes any further exam-
ples; they will appear in a subsequent publication.

During his return from Mendoza, via the Uspallata Pass to Chile, Darwin made the following
entry in Down House notebook 1.13: “Looking for silicified wood found in broken escarpment of
green sandstone (58) [this figure refers to a specimen now in the Sedgwick Museum in Cambridge]
11 silicified trees & 50 or 60 columns (Lot’s wife) of Sulph. of Barytes: drusy cavities: form com-
pletely kept either entire silex or Barytes: nearly all same diameter, little more or less 18 inches: in
silicified centre of tree evident & all the rings: impression of bark in Sandstone: in Barytes only anal-
ogy makes me know what they are: the 11 are within 60 yards of each other; & the remote not above
120. No where else did I see a trace : The strata incline 200 - 300 wsw: All the trees incline about
700 to ENE: except 2 silicified pieces as thick as my arm & smooth, which are embedded: horizon-
tal: some trees only a yard apart, many two or three: appear vertical Barytes one traced seven feet:
silicified 4 and a half ft Sandstone, consists of many layers in colour and texture which embrace
trees.”

This, of course, refers to the site where the memorial plaque was erected in 1959. Regretably,
as you can see, the silicified trunks of the trees have been subsequently removed by those who should
have known better but some of the cavities in the sandstone can still be seen.

This site made a great impression on Darwin and he describes it again in some detail in his
letter of 18th April, 1835, written in Valparaiso immediately after his return from crossing the Andes,
to Professor Henslow. In the ‘Journal’ he expands upon his explanation of the history of the site
which, despite his erroneous dating, gives a very good insight into Darwin’s apparent prescience with
respect to some of his geological thinking. Having mentioned that Mr. Robert Brown had pronounced
that the trees belonged to the Araucarian family, “but with some curious points of affinity with the
yew”, he went on to conclude: ‘It required little geological practice to interpret the marvellous story,
which this scene at once unfolded; though I confess I was at first so much astonished that I could
scarcely believe the plainest evidence of it. I saw the spot where a cluster of fine trees had once
waved their branches on the shores of the Atlantic, when that ocean (now driven back 700 miles)
sprung from a volcanic soil which had been raised above the level of the sea, and that this dry land,
with its upright trees, had subsequently been let down to the depths of the ocean. There it was cov-
ered by sedimentary matter, and this again by enormous streams of submarine lava - one such mass



alone attaining the thickness of a thousand feet; and these deluges of melted stone and aqueous
deposits had been five times spread out alternately. The ocean which received such masses must have
been deep : but again the subterranean forces exerted their power, and I now beheld the bed of that
sea forming a chain of mountains more than seven thousand feet in altitude’. So much for plate tec-
tonics and sequence stratigraphy! ‘

We have learned a great deal from Darwin’s “Passage of the Cordillera” but it is sad to relate
that he probably owed his ill-health in later life to Chagas Disease contracted by being bitten by “the
great black bug of the Pampas™ the Benchuca (Vinchuca = Triatoma infestans) which carries the
infection (Trypanosoma cruzi) in its faeces which are involuntarily scratched into the wound. This
wasting heart disease presents many of the symptoms, such as severe constipation, from which
Darwin subsequently suffered. ‘
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CLOSING CEREMONY

Prof. Dr. R. ENAY
Chairman of the International Subcommission on Jurassic Stratigraphy

The time has now come to close the 4th Jurassic Congress. You remember when it was open we
wished that the Congress would be successful. Really we enjoyed very much both the meeting sessions
in Mendoza and the pre and post Congress field trips in the Neuquen and Mendoza basin, as well as the
traverse of the Cordillera. For all this we have to thank heartly Dr. A.C. Riccardi and all the members
of the Organizing Committee and other people who were ensuring the success of the Congress.

The number of attending members and also the countries they represented played a large part
in its success, as did the amount, variety and interest of the contributions on Jurassic Stratigraphy and
Geology from all around the world. So, I think we were right in Poitiers, when we did not fear to
leave Europe and to cross the Atlantic Ocean.

Therefore we go on in the same way with the next Congress to be held in Canada. I am sure
the 5th Jurassic Congress will be as successful and I hope most of us will be able to meet together
again “in four years in Vancouver!”.

Prof. Dr. A. C. RICCARDI
President of the 4th International Congress on Jurassic Stratigraphy and Geology.

Ladies and Gentlemen:

This is the last meeting of the 4th International Congress on Jurassic Stratigraphy and
Geology.

On this occassion I would like to inform you that 133 participants representing 27 countries
were registered. About 35 papers have been received for publication and most of them are already
being refereed. We have postponed the MS reception until November 30th in order to provide more
people the opportunity to complete their presentations.

All sessions, as well as the IGCP 322 meeting took place as announced in the Programme, with
a total of 126 communications. An unscheduled Poster Session was also organized with great success.

The Pre Congress field trips took place in the Neuquen province, and three Post Congress
field trips will depart tomorrow for southern Mendoza province.

We have just finished the meeting of the ISJS and its WG and decided that the next Congress
will be held in Canada.

Publication of the presentations has been programmed for the second half of 1995. We expect
to complete the editorial work and printing on time.

1 would like to thank all members of the Organizing Committee, the authorities and personal
of CRICYT-CONICET for their help and all participants for coming to this Congress. We hope that
all visitors from abroad would have found this visit to Argentina quite rewarding and pleasant, and
that you will come again. I wish you all the best for your future activities, which surely will add to
the advance of Jurassic knowledge.

Now I declare this Congress formally closed. Thank you.
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totypes should be abandoned altogether. With the S/D boundary definition the principle has indeed been
firmly established that chronostratigraphic units are defined by their lower boundary only, the upper
boundary being determined by the lower boundary of the succeeding unit. This means in practice that
in most cases lower and upper boundary of the same unit will be defined at different places. In such a
case, no material chronostratigraphic unit exists and we will have to examine if the distinction between
paralle] material chronostratigraphic and immaterial geochronologic units is still meaningful.

Another consequence is that we have “open” chronostratigraphic units, as long as only the
lower boundary is defined. For the time being, this is the case with the Cambrian, the Carboniferous
and the Paleogene.

At first sight, the definition of the S/D boundary seems to be tied to one single marker species
and it ha often been objected, also in the case of recent boundary definitions, that such a boundary
cannot be recognized if the marker is absent. A closer look at the succession of Klonk reveals, how-
ever, that there are several biostratigraphic events close to.the boundary, which all will allow to deter-
mine the boundary with a degree of precision. These additional markers are from different fossil
groups, Conodonts and Trilobites in the present case.

THE GUIDELINES OF ICS - THEIR ORIGINAL VERSION AND THE POINTS TO BE
REVISED

Basic Principles.

The two basic principles underlying the original Guidelines of ICS [3] were that

(1) correlation has to precede definition - otherwise the definitions would be of no practical
value and

(2) that all chronostratigraphic boundaries have to be defined by a Global boundary
Stratotype Section and Point, a GSSP as it was called. ’

It was the first condition which forced us to give up the second one in certain cases. In the
Precambrian it was impossible to establish chronocorrelations in the classical way without fossils.
Therefore the Precambrian Subcommission introduced a completely new subdivision of the Proterozoic
eon in eras and systems whose boundaries were defined in terms of absolute ages. This proposal
obtained a large majority in ICS and was ratified by IUGS on the 28th International Geological
Congress at Washington, 1989 [6]. Obviously, the Guidelines have to be adapted in this sense.

The other changes are more subtle and concern more or less technical problems.

The necessary technical qualities of a GSSP.

Most of the historical type localities are unsuitable for an unequivocal boundary definition,
as the boundaries were placed in condensed intervals or at gaps and/or facies changes. The condi-
tions to be fulfilled by a type-section had to be reformulated. They were enumerated in an appendix
to the original Guidelines. Many of them had already been stated in the ISG [4], and most of them
concern the biostratigraphic qualities of the type-section. This becomes apparent if we change the
order of criteria a little bit. Most of these conditions are obvious and only some of them merit fur-
ther discussion.

Postulating that the boundary level shall not correspond to a facies change in the type section
means that paleoecological background noise is to be excluded as far as possible. In the field, such
a boundary will of course not correspond to what is normally called a “natural” boundary.

"The sedimentary documentation of the critical interval should be complete (no unconformi-
ty, no condensation) and give a correct image the succession of events (no reworking, no structural
complications). And, as fossils are the most important tool for interregional correlation in the



GeoResearch Forum Vols. 1-2 21

Phanerozoic, the fauna of the type section should provide as many of the relevant biostratigraphic
data as possible.
All these basic demands will not be changed by a revision of the Guidelines.

New elements to be taken up into the Guidelines.

Except one, all Devonian stage boundaries are now defined by a GSSP. All intradevonian
boundaries as well as the base of the Carboniferous were based on Conodonts. This led to the for-
mulation of a new principle: As everybody knows, first appearances of species are often diachronous
from one section to another, for various reasons [7]. But if the gradual emergence of a new species
is stratigraphically documented, we know that we have really found its very first representatives. The
problem is, however, that the determination of boundaries which are placed in a continuous trans-
formational series (a grade) is inevitably to a certain degree subjective. When the GSSP for the base
of the Upper Devonian had been ratified, it appeared that the conodont specialist who had studied
this section had a very personal view about what were the first representatives of the decisive mark-
er [8]. The GSSP did therefore not correspond to the zonal boundary which it was meant to repre-
sent [9]. This sounds dramatic but, as a matter of fact, this case is the best possible demonstration
that stratotypes are necesssary: The type section will show without ambiguity where in a given grade
the chronostratigraphic boundary is to be placed, independently from nomenclatural problems.

But the most important point of the revised Guidelines will be that non-biostratigraphic meth-
ods have to be given more weight. To give just one example: Magnetic reversals are geologically
instantaneous worlwide events, they were ideal markers - if they were time specific. But once we
were able to identify, with the help of fossils, the magnetic zones of the oceanic standard in a given
succession, the magnetic reversals will allow us to test the oceanic standard in a given succession,
the magnetic reversals will allow us to test the isochrony of the biostratigraphic boundaries, as was
done in the Tithonian-Valanginian Biancone of the Italian Apennines [10]. In such a case, magneto-
stratigraphy allows to test the isochrony of biostratigraphic boundaries.

Summing up.

We may thus conclude, that the revision of the ICS Guidelines will not lead to fundamental
changes in the way in which Phanerozoic chronostratigraphic units have to be defined. The GSSP
concept remains valid. None of the old criteria of a good type-section is abandoned, i.e. as before,
we have to look for sections providing a complete (no gaps, no condensation) and unbiased (no
reworking, no tectonic disturbances) succession. In the future, we should, however, use preferably
marker species whose phylogenetic origin is documented in the type-section. And, specially for the
late Mesozoic and the Cenozoic, non biostratigraphic methods as magnetostratigraphy, geochemical
markers, etc. should be taken into consideration more seriously, because they may allow far reach-
ing correlations, as soon as they are calibrated by fossils or radiometric data.

THE GUIDELINES OF ICS AND THEIR RELATION TO JURASSIC
CHRONOSTRATIGRAPHY

The Jurassic: a biochronology based nearly exclusively on ammonites.
So far none of the Jurassic stage boundaries has been formally defined. On the other hand,

thanks to the Luxemburg colloquia in the 1960s, there is general agreement on Jurassic stage nomen-
clature - except for the uppermost stage where Tethyan-Boreal correlations are very uncertain due to
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Milestones in the Study of the Jurassic of Argentina

P.N. Stipanicic
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INTRODUCTION

The study of the Jurassic System in Argentina began with the discovery of guide fossils at
several localities, since 1835. The present paper will provide a brief account of the historically most
significant developments of these studies.

The reader is referred to three comprehensive papers on the Jurassic biostratigraphic research
in South America -with special reference to Argentina and Chile-, by Riccardi et al. [1, 2, 3].

The author expresses his gratitude to the following colleagues, who have revised the manu-
script, providing valuable comments: Drs. Roberto Caminos, Héctor A. Leanza and Gerd E.G.
Westermann. A special mention is due to Dr. Alberto C. Riccardi, with whom several topics were
discussed.

PRINCIPAL REGION OF JURASSIC
The Jurassic is developed in three main regions (Fig. 1):

Andean (“Geosyncline”) Basin

a) “Neuquino-Aconcagiiino” sector of the “Geosyncline” (Andean Cordillera and marginal
highlands of San Juan, Mendoza and Neuquén Provinces) with good sedimentary and fossiliferous
sequences.

b) “Magellanian” sector (Patagonian Cordillera and marginal highlands of Chubut Province)
with incomplete sequences.

Extraandean Patagonia

South of 39° 30’ S, volcanics and volcaniclastics prevail, with variable amount of continen-
tal sediments; westward, marine intercalations occur.

Northern extraandean regions

Extensive continental sandstones are associated in large areas with basaltic flows (mainly of
Serra Geral Group).

NEUQUEN-ACONCAGUA SECTOR OF THE ANDEAN BASIN

Three stages in the Jurassic research in this region are related to: a) the first discoveries of
Jurassic fossils; b) the first field studies, and ¢) the modern studies.
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First discoveries of Jurassic fossils

Some Callovian and Late Jurassic molluscs
were collected in 1835 in the Maipo volcanic area
(34°S-72°20°W) by Meyen [4]; Gay [5] found in
1836 Mid-Jurassic fossils in the Mercedario valley
(31° 40°S), and small groups of bivalves obtained by
Degenhardt, von Humboldt and Pentland in Puente
del Inca (32°50°S-72° 05°W) were identified by von
Buch [6], who at first considered them as Jurassic,
but later [7] as Cretaceous, denying the presence of
Jurassic sediments in the South America Cordillera.

Darwin [8, 9] recognized a thick “Jurassic
porphyric formation” in the Central-Chilean
Cordillera, which thins towards the Argentine bor-
der. At Puente del Inca, he mentioned a “grypseous
formation” overlying limestones, and considering
the fossils of them as a rare mixture of Cretaceous
and “Oolitic” forms. Darwin’s “gypsum” is present-
ly called Auquilco Fm., Upper Oxfordian, normally
ammonitiferous and the Darwin’s “limestones” cor-

respond to La Manga Fm., with a Middle Oxfordian
ammonite fauna. Regarding this problem, Stelzner
[10] in 1885 mentioned the possibility that Darwin’s
collections could have been mixed or that, due to
the high reputation of von Buch, the paleontologists who identified the respective materials were
inclined to accept the associations of Cretaceous and “Oolitic” fossils.

In 1851, Giebel [11] mentioned Middle Jurassic molluscs from the Mercedario valley, and
Burmeister & Giebel [12] in 1861 confirmed the extension of Jurassic sediments to the mentioned
areas. Strobel [13] found Lower Jurassic beds near Planchén Pass (34°30° S) in central-western
Mendoza. Ave-Lallemant [14] obtained Jurassic fossils at the Rio Agrio area in Neuquen Province
(30°S-70° 40’W) and Burmeister [15] recorded in 1876 that he received some ammonite samples
which could have come from Chacay Melehue in Neuquén (37°15°S-70°30°W) and from the Esquel-
Leleque are in western Chubut (43° to 44°-70°30°W). Giissfeldt collected Mid-Jurassic fossils at the
Espinacito Pass and surrounding areas [16].

Summarizing, from 1835 until 1888, the discovery of isolated fossils and small sollections
documented Lower, Middle and Upper Jurassic deposits at several localities close to the Argentine-
Chilean border, but without stratigraphic detail (Fig. 3)

Fig. 2. The first discoveries of Jurassic fossils in
Argentina.

The first regular field studies (1885-1944)

At this stage, fairly good collections of marine invertebrate faunas were obtained, mainly
from the same localities above mentioned but still with no adequate stratigraphic records.

Stelzner [10] found good fossil material at the Espinacito Pass, which was identified by
Gottsche [17], and later, Bodenbender [18] obtained additional collections from here that were stud-
ied by Tornquist [19]. The Gottsche and Tornquist monographs became classics for the South
American Mid-Jurassic and many species of Sonniniidae, Otoitidae, Sphaeroceratidae,
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Fig. 3. Evolution of the stratigraphic knowledge in Argentina in the past century.

Stephanoceratidae, Macrocephalitidae and Reineckeiidae were recognized. Some of them were
referred to European and Indian taxa and the rest to new endemic species.

In 1890 began a new stage of development with regional field studies. Rich invertebrate col-
lections were obtained, but without detailed stratigraphic support, demonstrating that the Jurassic
seas advanced greatly southward, up to 44°S, as well as eastward in two areas, the “Atuel Gulf” in
Mendoza (100 km eastward from the Chilean border) and the “Neuquen Gulf’ (up to 250 km east-
ward).

Bodenbender [20], Burckhardt [21, 22, 23], Roth [24, 25], Keidel [26], Gerth [27, 28, 29, 30]
and Schiller [31] provided the main geological contributions. Behrendsen [32], Steuer [33],
Burckhardt [op. cit., 34], Haupt [35], Douville [36], Jaworski [37, 38], Stehn [39] and Krantz [40]
studied the invertebrate faunas. They, again, referred some taxa to European or Indian species and
the corresponding biozonation, causing the polemic between Uhlig [41, 42] objecting, and
Burckhardt [43, 44] who supported it.

In 1918, Groeber [45] analyzed the Mid-Jurassic stratigraphy in Argentina and adjacent
Chilean areas, questioning some of Burckhardt’s conclusions, but specially those of Jaworski.

These studies resulted in some important conclusions:

-The Jurassic transgression advanced over surfaces sculptured on Paleozoic rocks and also on
Permo-Triassic andesites, dacites, etc., beginning at the “Atuel Gulf” with possibly Hettangian con-
glomerates and sandstones, which preceed ammonitiferous Sinemurian beds. In structural highs
(Bardas Blancas, Sierra de Reyes, Sierra Azul, etc.) the transgression only arrived during the
Toarcian and even the Aalenian.
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- The more complete Jurassic sequences were found in the deepest sectors of the basin, e.g.
at Chacay Melehue and in the “Atuel Gulf”. In the structural highs, litho and biostratigraphic hia-
tuses were recorded, of which the Bathonian, “Divesian” and Early Kimmeridgian were the most
conspicuous. '

- Upper Oxfordian beds were dated by Perisphinctes sp. gr. plicatilis and Lower Oxfordian
was inferred by other fossils [46].

- The former “Jurassic prophyrite formation™ (interpretated as a “Porphyric-porphyritic con-
glomerate™) with large stratigraphic development in Chile, was restricted to the Lower Kimmeridgian
in Argentina.

- The data available permitted the recognition of an important diastrophic phase in the early
Late Jurassic, because the Kimmeridgian conglomerates may rest on the Oxfordian gypsum as well
as on “Callovian limestones™ (presently referred to the Middie Oxfordian La Manga Fm.).

-The hypothesis of an evaporitic origin of the huge masses of Upper Oxfordian gypsum,
extending for more than 2,000 km north-south, was discarded by Groeber [45], who called on the ini-
tial sulphurous gases of Early Kimmeridgian magmatism.

-The first Lower Jurassic floras discovered in the “Atuel Gulf” and along the southern border
of the “Neuquen Gulf” included typical Gondwanic forms [47, 48]

Summarizing, at the end of the period under analysis (1944) parts of the Jurassic column were
documented by fossils. But Hettangian, Lower Sinemurian, Upper Bajocian, Bathonian, Upper
Callovian and Kimmeridgian were not proved by ammonites and, in some cases, represented by non-
fossiliferous sediments.

In 1931, Weaver [49] introduced in the Central-Western Argentina the lithostratigraphic
nomenclature (formerly applied by Lahee in 1927 [50] but for local use only), which some decades
later gained general acceptance.

Modern Studies

Since 1945, conceptual changes and new developments were introduced in the Jurassic stud-
ies in Argentina, as follows:

- Build-up of reliable biostratigraphic charts.
- Recognition of sedimentary “cycles” and “subcycles”, delimited by surfaces of discontinuities.

- Regional studies concerned with the horizontal and vertical distribution of the Jurassic sed-
iments.

- Additional methodologies. e.g., paleobotany, micropaleontology, magmatism, distrophism,
seismostratigraphy. Aerial photographies and satellite images of mountainous areas improved struc-
tural and regional interpretations.

The biochronological scale. The first attempt in this period of a biochronological scale was
by A. F. Leanza [51, 52] for the Upper Tithonian-Valanginian interval, discussing previous contri-
butions and analyzing a large collection of ammonites with stratigraphical control. Leanza’s biozon-
al and chronological chart agreed with that of Burckhardt [34], but differed from those of Weaver,
Windhausen and others.

In the seventies began a thorough revision of the study of Andean Jurassic faunas -but spe-
cially ammonites-, of the Chilean and Argentine sectors. The first contribution of Westermann in
1967 [53] was followed, e.g. by those of von Hillebrandt (since 1970), Riccardi (1972 and later), H.
Leanza (1980 and later). These authors produced more than 50 papers on topics including: a) the
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Fig. 7. Lifhostraﬁgraphic and chronological scheme for the Jurassic in the Neuquen-Aconcagua sector of the
Andean Basin, according to Stipanicic [67, simplified, 1969].
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bounded units). In this regard, the Araucanian Synthem -the representative unit for the Andean
Jurassic-, is bounded by two main unconformities -the Upper Triassic and the Intramalmic-, which
strictly correspond to the Stipanicic’s Rio Atuel and Araucana diastrophic phases. Of the two “inter-
nal’ main Jurassic discontinuities of Riccardi & Gulisano, one of them (the Intra-Liassic) does not
find presently stratigraphic support and the other -the Intra-Callovian- has less importance than the
“Divesian” Rio Grande Phase.

A more representative scheme for the stratigraphic sequence of the “Atuel Gulf” could be that
illustrated in Fig. 9. Regarding this chart and those of Fig. 7, some comments and adapting have to
be done: (a) as the Tordillo Fm. underlies comformably the beds with Virgatosphinctes mendozaen-
sis, it could include also Lower Tithonian levels, besides those of the Kimmeridgian; (b) Remoredo
Fimn. is not Triassic and has to be placed below the Aalenian; (c) Lapa Fm. is Upper Triassic and not
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Fig. 9. Lithostratigraphic and chronological scheme for the Jurassic in the “Atuel Gulf’, Mendoza Province.
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(208 Ma) were followed in eastern Patagonia by huge masses of alkaline rhyolites (s.1.) of the Jurassic
Volcanic Province and by siliceous rocks of the Chon Aike Fm. (165 Maj see next section).

According to these authors [112, 114, 115, 116], the Patagonian block south of the Gastre
Fault System has been displaced roughly 500 km from east to west. Other researchers do not accept
such large displacement, nor the dextral character of the Gastre Fault System {103, 117, 118].

The geodynamic evolution began with a compressional Paleozoic stage, followed by
Mesozoic extensional deformation in Patagonia, with normal faulting since the Middle Jurassic [103,

104, 119].

Stratigraphy

The Jurassic formations were developed in two main environments: Extraandean Patagonia,
south of 39° 30’ and in the Magellanian Basin (“Geosyncline”).

Some marine beds of the Magellanian Basin penetrated in western Chubut into the continen-
tal volcanic complex of the Extraandean Patagonia.

Extraandean Patagonia (and Cordilleran highlands of Chubut)

Two main Jurassic regions are recognized in the Extraandean Patagonia: Deseado Massif or
Nesocraton (NE of Santa Cruz Province, c. 80,000 km?) and the North Patagonian Massif or
Nesocraton (and surrounding western areas of Rio Negro and Chubut Provinces, 140,000 km?).

The Jurassic rocks of both areas were formerly included in the “Extraandean Porphyric
Complex” [120], which lies with angular uncomformity on Paleozoic or Liassic formations. The first
references to this “Complex” were by Darwin [8] for the Atlantic coast. After 1890, research was
extended onto the continent [cf. 120].

This “Complex” was originally placed in the Rhaetian or Upper Triassic or in a post Lower
Jurassic- pre Cretaceous interval [cf.
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(Fig. 10). Fig, 10. Stratigraphic chart for the Deseado Massif (Santa Cruz

Province).
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Fig. 11. Stratigraphic chart for the North Patagonian Massif and surrounding areas [135]

Canplejo

Four paleomagnetic poles were defined on the basis of Marifil samples, which together with
other ones from South America, indicate an apparent and recurrent polar displacement trend during
the Jurassic [146].

Patagonian Andes

Along 1,000 km (39°-53°S), the Patagonian Cordillera includes Jurassic rocks of minor strati-
graphic interest. Because of varying compositional and strcutural patterns, two main sectors were
recognized for the Patagonian Andes: the Northern and the Austral. For the former, a synthesis was
provided by Haller et al. [147] and for the second, by Riccardi & Rolleri [148]. A general interpre-
tation of the geological evolution of the Northern Patagonian Cordillera (39°-43°S) is by Gonzalez
Bonorino [149].

The main component of the entire Patagonian Cordillera is a thick series of porphyres,
andesites, etc. (400-1,000), originally studied by Quensel [150] and later named “Complejo del
Quemado” [151]. It lies unconformably on Paleozoic sediments and includes in its upper levels
ammonite beds, dated as Kimmeridgian-Tithonian [151, 152]. Presently, taking into account radi-
metric datings, the most acceptable age for the “Complejo” seems to be Dogger-Malm. It is, thus,
approximately coeval with the Bahia Laura Group of Deseado [147, 148].

Unconformably on this “Complex” lies the Springhill Fm., continental at its base (with fos-
sil plantsO and marine above, yielding Tithonian-Berriasian ammonite faunas [152, 153, 155, 156].
Earlier age assignements has to be discarder [Riccardi, in Stratigraphic Lexicon].

Extraandean northern regions

The large Mesozoic magmatism of the Serra Geral Group of Brazil, which extended over
1,200,000 km? are also present in the NE part of Argentina. The igneous flows, with an average thick-
ness of 230 m, reaching 1,800 m, were formerly dated as Late Triassic [157, 158], but radimetric
dates indicate two igneous phases, i.e. a smaller one during the Late Jurassic (140-150 Ma) and a
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Lower Jurassic bimodal magmatism is associated to the Rancho de Lata Formation. A marine
Jurassic sequence follows unconformably, composed of calcareous sandstones, claystones, nodular
packestones and tuffs. These rocks have been grouped in the Los Patillos Formation.

dstones, . . g . . .
,Tz,monites and associated bivalves and brachiopods indicate a Pliensbachian to Lower Callovian

20].
age | ']I‘hese Jurassic sequences are distributed over three tectonic belts of the La Ramada Basin

with a north - south trend [22] (Figure 1).

The overlying La Manga Formation consists of yellow calcareous breccias and packstones.
Stratigraphic relationships and faunas indicate a Middle Callovian - Late Oxfordian age [20].
Stipanicic [9] has previously recognized this formation at Los Lepes locality.

Gypsum beds of the Augquilco Formation (Oxfordian - Lower Kimmeridgian), and
continental red sequences of the Tordillo Formation (Upper Kimmeridgian) follow above. These
units are overlain by the marine Mendoza Group (Tithono - Neocomian), post-Neocomian
Cretaceous deposits of the Huitrin, Diamante, Cristo Redentor and Juncal Formations [25,22], and
unconformably by Cenozoic volcanics of Farellones Formation.

AMMONITE ZONES

Fanninoceras Assemblage Zone

This zone was introduced by Riccardi [26, 27, 28]. Volkheimer and others [10,11]
recognized the presence of this zone in La Laguna stream section and recorded Protogrammoceras
ex gr. normanianum (d’ Orbignyi). This species was found at 48,5 m above the base of the section.
This zone has not yet been recognized at other localities of the basin.

Dactylioceras hoelderi Assemblage Zone

This zone was introduced by Hillebrandt and Schmit - Effing [29]. Volkheimer and others
(10,11) recognized this zone in La Laguna stream section and recorded Dactylioceratidae indet.,
Harpoceras sp., Nodicoeloceras sp. and Harpoceratinae indet. from a 5 m interval. This zone has
not yet been recognized at other localities of the basin.

Dactylioceras hoelderi Zone is coeval with the European Falcifer Standard Zone (Table 1).

Peronoceras largaense, P. pacificum and Collina chilensis Assemblage Zones / Brifons Standard
Zone

These zones were defined by Hillebrandt [13] in Chile and have not been identified in
Argentina [28]. These Andean Zones are considered coeval with Brifons Standard Zone.

Ammonite assemblages of this age have now been recognized in the three Jurassic belt of
the La Ramada basin. An assemblage with Peronoceras verticosum (Buckman), P. pacificum
Hillebrandt, Collina chilensis Hillebrandt, Maconiceras connectens (Haug) and Harpoceras
subplanatum (Oppel) was found in the eastern Jurassic belt and it is also partially represented in
Rancho de Lata, Las Vegas and La Rubia sections. The packstones and calcareous sandstones have
a maximum thickness of 25 m. Ramos and others [22] illustrated H. subplanatum from 20 m of
mudstones and sandstones in Arroyo Las Flores, to the southernmost extreme of the Central
Jurassic Belt. The fauna has been identified at Cerro Fésiles in the Western Jurassic belt in two in
100 m thick calcareous sandstones levels; e.i. H. subplanatum, Peronoceras sp. and M. connectens.
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STAGE AMMONITE AMMONITE ASSEMBLAGE ZONES
SUBSTAGE STANDARD ZONES| ;1 ppp ANDT (1987)  RICCARDI (1990)
P fluitans” z. EDumortieria faunule}
LEVESQUEI
“P. lotharingica" z. PhI
UPPER P. tenuicostatum z. yst::uicosta::;r}s :
THOUARSENSE P. copiapense z.
é AV LIS P. toroense z. [Phymatoceras faunule}
Q :
ﬁ C. chilensis z.
2 Collina chilensis
BRIFRONS P. pacificum z. Peronoceras pacificum
P1 ,
LOWER argaense z. Peronoceras largaense
FALCIFER D. hoelderi z. Dactylioceras hoelderi
D. tenuicostatum chilensis
TENUICOSTATUM | D. tenuicostatum z.
Dactylioceras simplex
SPINA F. disciforme z.
UPPER ’ ) . _
g MARGARITATUS | ¥ foonini z. Fanninoceras
g DAVOEI F. behrendseni z.
/M
Z LOWER E. meridianus z.
& IBEX .
= "Tropidi " Dubariceras
= ropidiceras" z.
JAMESONI "Apoderoceras” z.

Table 1: Early Jurassic Ammonite Assemblages Zones (based on Riccardi and others [28]).

Phymatoceras toroense Zone.

This zone was introduced by Hillebrandt [13] based on different sections in Northern Chile.
It is known in Argentina as the Phymatoceras Faunula.

This zone has now been recognized in two localities of the eastern Jurassic belt at Rancho
de Lata, where 15 m thick packstones and sandstones have yielded Phymatoceras pseudoerbaense
(Gabilly) and Calliphylloceras sp., and in Las Vegas, a 10 m thick column of calcareous sandstones
and packstones contain Phymatoceras sp..

This zone is probably coeval with the upper part of the Variabilis and Thouarsense Zone
of Europe (Table 1).

Phlyseogrammoceras tenuicostatum Assemblage Zone
This zone was introduced by Riccardi [26,28]. Phlyseogrammoceras tenuicostatum

(Jaworski) has now been found together with Hammatoceras ex gr. insigne (Schubler) in 10 m
thick sediments at Rancho de Lata, Las Vegas, La Laguna, La Rubia and Ciénaga del Gaucho.



















































































































































































































































































































































































































































































































































CROSS SECTION SKETCH between SA. DE TAQUETREN AND SA. DE CALCATAPUL

ST -
SwW

\

/7 X~
\/ e
Ve
G+
Torﬁwy[ 2 ‘;
=S

g

~

~

~ ELPORTEZUELO __ — — — —
~ —

YANQUETRUZ

PTO. PEREYRA

P

—_—— e e

’d

UPPER JURASSIC PALEOGEOGRAPHY

~

~
~ el
CoMOJON PTO, TORRES ™

_GASTRE LOW

+
+

REFERENCES:
ESTUARNE

FLUVIAL
LACUSTRINE

CARBONATE
PLATFORM

FAN
FLUVIAL

&
=
&=
&0

~ - -

-+
-'-
-+

] Tertiary

In

VOLCAMCI.ASTC}

}o

¢ <X
0202020 00%0% %020 %% %
SXRRERRRRREKL 2

e —_— — — -

v’ NE

%
o 02000020 %0 %0 %!

+

+

o < ad

AN
.

S + +
3

+

+

7+ YPF
+ + —
+
*'AREA EXPLORACION C.RIVADAVIA

FIGARI E,,COURTADE S,CONSTANTIM L.

DRAWN 8Y: L BORDON

SET/1994 Fig. 3

29€

YoIeasay JISSEIN Ul SOUBAPY






364

Advances in Jurassic Research

IVIANTL

ALLUVIAL
FAN

Sv-L13a ANMLSNOV'T WHOSL Vg
WIAN W1SId PUO TYWIXOdd | ILVYNOGMVH

‘mn . n
: THH
I - HHIT
I _._._ﬂ.irn ~ R mhiid

NV4d
JILSVIDINVYITOA

dnous) |pidoua] oouoT

Conglomerates
Basalts
Limestones

0O

o 0"0
v

v \\’,

Basement

WIANE ;

‘W4 S0JeuoeT)
S0

GASTRE AND GAN-GAN LOWS

E Shales
/ N/
s N/

IDEALIZED STRATIGRAPHIC COLUMN

|
asuenbesobew

AREA EXPLORACION COMODORO RIVADAVIA

0 J
asusnbesobeywy

YPF

a
<
&
M
0] SN g
mwmc%n,q Y¥3ddn HIMOT
507 ‘W4 OJjpSyY UOpOYDD)
] I |
esuenbesobew esuenbesobew 8suenbesobeyy

-~ FIGARI E., COURTADE S., CONSTANTINI L.; 1994







366 Advances in Jurassic Research

We suggest to eliminate the Taquetren Fm. since its outcropg
correlate with the Lonco Trapial Group that is the single

Volcaniclastic Jurassic Cycle that underlies Cafiadén Asfalto Fm.

Although in some cases there are overlaps and gaps in the radimetrje
and paleontological ages available; a succession of events can pe
reconstructed in the depocenters of Gastre and Gan Gan, at the
northwestern part of the Cafiadén Asfalto Basin. These events begun in
the Lower to Middle Jurassic in a clearly extensional setting
continued in Cretgceous times with a thermal subsidence stage ang
ended yith a strong Tertiary compression that produced their partia)
inversion.
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west-central Argentina (32°30° SL; 70°00 WL) just east of the international border with Chile
(Figure 1).

Fossils studied in this work are deposited in the collections of the Paleontology section,
Department of Geological Sciences, University of Buenos Aires (Catalog CPBA N°).

DESCRIPTION OF KEY SECTIONS

Seven of the twenty one localities surveyed will be described in detail. The selection
was based on their location within the basin, the completeness of the section, and the biostratigraphic
control.

Arroyo Patillos

The locality is situated on the valley of the Patillos creek, 6 kilometers north of its
junction with the Blanco River (Figure 1, locality 1). In a composite section with the outcrops of
Tunel creek, the Mendoza Group is overlying the fluvial deposits of the Tordillo Formation. A series
of 18.5 meters of shaly mudstones, in thin to medium-tabular beds is capped by a distinctive level
with silicified concretions. Ammonites and bivalves were recovered 4 meters above the base of the
mudstones. Overlying this sequence there are 6 meters of black mudstones and wackestones with
parallel lamination, which in turn are covered by a calcareous breccia level [3].

The preservation of the fossils is rather poor but they are similar to those of Rio
Blanco (Figure 1, locality 2) where green-grayish limestones, arranged in beds 20 cm thick with
parallel bedding contain the following assemblage of fossils: Pseudinvoluticeras sp.,
Choicensisphinctes sp. nov., Eutrephoceras sp., Anditrigonia sp., Steinmanella sp., other bivalves
and gastropods [3].

Arroyo Guanaquita

The section is situated in the eastern margin of the Vacas valley, in the headwaters of
La Guanaquita creek. The study section is located immediately south of the glacier descending from
the Zurbriggen ridge [4,5] (Figure 1, locality 8).

Above the conglomerates and sandstones of the Tordillo Formation, the Vaca Muerta
Formation is composed at the base by four sequences of fine limestones with algal lamination
interbedded with greenish fine sandstones. Overlying this sequence there are 20 meters of laminated
black shales with the ammonite Pseudolissoceras zitteli (Burkhardt), Buchia-like bivalves, and fish
spines and scales. The ammonite is the index species for the early Middle Tithonian of the Andes.
Upwards, 30 meters of black shales are interbedded with massive, fetid, black mudstones, with some
levels showing intense bioturbation. These deposits are overlaid by the Quintuco Formation,
represented at this locality by more that 30 meters of dark grey packstones with yellowish alteration,
one to two meters thick. Towards the top, the beds become thinner and are interbedded with
lenticular fine conglomerates bearing Antutrigonia groeberi (Weaver). The section follows with the
red shales and gypsum levels of the Mulichinco Formation.

Lomas Coloradas

The section is located 13 kilometers to the northwest of Las Cuevas, on the western
margin of the valley of Las Cuevas river (Figure 1, locality 10).

The active west volcanic region supplied abundant material to the depositional system.
In the Argentine part of the basin the arc influence is more evident northwards. The Lomas
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Coloradas section presents a lower unit of volcanic and volcaniclastic rocks which are interfingereq
with - or locally replaced by - clastic deposits to the north [6,7]. Overlying this suite, there are 25
meters of mainly clastic coastal marine deposits. They are represented by fine to medium-tabya;
banks constituted by lime mudstones, siltstones, and sandstones with ondulitic lamination and some
large-scale cross-stratification. In some beds, there are abundant small gastropods and bivalye
moulds. This assemblage may represent a restricted near-shore lagoonal environment.

The sedimentary deposits are assigned to the Quintuco Formation.

Quebrada de Navarro

To the south, in the quebrada de Navarro, located 5 kilometers southeast of Lag
Cuevas there are several exposures of Late Jurassic beds [8]. The Vaca Muerta Formation is
represented by 12 meters of lime mudstones and siltstones, similar to those of Arroyo Guanaquita
and Quebrada de Agua Blanca (see below).

Overlying the Vaca Muerta Formation, the Quintuco Formation is characterized by a
series of carbonatic and clastic deposits. The first ones comprise 10 meters of oolitic packstones and
grainstones, which laterally grade to wackestones and sometimes to mudstones. These beds present
medium-tabular stratofabric with sharp contacts. They transitionally pass upwards to 15 meters of
fine and medium sandstones which also have tabular stratofabric and sharp contacts. The sequence
ends with 18 meters of medium-tabular beds of pelloidal packstones, that at the base have
Choicensisphinctes sp. nov. These deposits correspond to a narrow strip of east-deepening inner and
middle shelf environments.

Quebrada de Agua Blanca

These sections are located south of Las Cuevas river, 2-3 kilometers south-west of
Puente del Inca [9,10].

The eastern sequence (Figure 1, locality 17) begins with a characteristic thin
stromatolitic zone, deposited in shallow water, grading upwards to shelf-basinal calcareous shale
facies representing one of the deeper environments in the Tithonian-Berriasian sections.

Fetid shales interbedded with lime-mudstones and mudstones appearing in thin
internally laminated tabular strata with sharp contacts are characteristic. The fetid character of the
shales and the presence of pyrite crystals indicate reducing conditions below the sediment-water
interface. These conditions play an important role in the position of the carbonate compensation line
(C.C.L.) which regulated the lime-mud deposition. The low diversity of the fossil assemblage,
dominated by nectonic forms, suggests that bottom waters were poorly oxygenated. Among the
nekton, the ammonite Choicencisphinctes sp. nov. has been identified, 6 meters from the base of the
sequence. It belongs to the Virgatosphinctes mendozanus Zone. The lower section is attributed to the
Vaca Muerta Formation, which paraconformably overlies the clastic fluvial deposits of the Tordillo
Formation.

These deposits are overlaid by oolitic and skeletal wackestones and packstones, and
lensoid to tabular calcareous clastics corresponding to the Quintuco Formation. Medium to thick-
bedded massive and often bioturbated wackestones and packstones with tabular stratofabric are
laterally persistent for several kilometers. Sporadically these textures are grading to grainstones {7].
The fossils of these high energy deposits are more diversified and comprise bivalves as Steinmanelld
(Transitrigonia) transitoria (Steinmann) and Antutrigonia groeberi (Weaver) [11], and giant (mor‘j.
than 1 meter in diameter) indeterminable ammonites. These environments correspond to a shallo
shelf area below normal wave-base depth.

The calcareous clastics with lenticular stratofabric and erosive base are representina
channel fill deposits. The coalescence of these bodies ends in a tabular conglomeratic bed at the tof
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of the section, near the contact with the overlying Mulichinco Formation.

In the western profile (Figure 1, locality 1), the Tordillo, Vaca Muerta and Quintuc,
Formations are interbedded with three subvolcanic sills, locally known as "ocoitas" [7]. Above the
second sill, there are 3 meters of green, coarse calcareous sandstones interbedded with fipe
conglomerates of the Tordillo Formation. The section continues with 10 meters of dark grey,
Jaminated mudstones (Vaca Muerta Formation) grading to massive wackestones with ostreidg
corresponding to the base of the Quintuco Formation. Above, there are three meters of oolitié
packstones with abundant, imbricate, poorly preserved Choicensisphinctes sp. nov. Overlying these
sequences there are 8 meters‘of massive wackstones with abundant Exogyra-like oysters, other
bivalves, and gastropods. The section ends with 2 meters of laminated grey mudstones covered by
the third subvolcanic sill [7].

Quebrada de Vargas

Quebrada de Vargas is another classic locality, studied by Schiller at the beginning of
the century [12, see also 13]. It is located 5 kilometers south of Puente del Inca, on the valley of
Vargas creek (Figure 1, locality 18).

The fluvial deposits of Tordillo Formation in the eastern margin of the Aconcagua
basin, are overlaid by 7 meters of massive, red calcareous sandstones in lenses with erosive bases,
followed by laminated calcareous sandstones with ammonites assigned to Choicencisphinctes sp. nov.
The sequence ends up with fine to medium, fining upward, lenticular red conglomerates. These
distinctive facies are difficult to correlate with the typical facies of the Quintuco Formation. Due to
the areal restriction of the facies, they are provisionally assigned to that formation.

The red sandstones with lenticular stratofabric and low angle cross-bedding represent
upper shoreface deposits while the paraliel laminated sandstones correspond to foreshore deposits [7].
A few kilometers upstream, the same ammonite species has been reported in typical basinal facies
of the Vaca Muerta Formation [13].

PALEOGEOGRAPHY

The lower Tithonian marine transgression is highly synchronous in all the analyzed
sections. As described previously, shelf-basinal facies of quebrada de Agua Blanca, outer to middle
shelf deposits of quebrada de Navarro and arroyo Los Patillos, and nearshore sandstones of quebrada
de Vargas exhibit the same ammonite species, Choicensisphinctes sp. nov., belonging to the
Virgatosphinctes mendozanus Zone (see figure 2). Therefore, as in the Neuquén Embayment [14,15],
we can establish the age of the flooding in the Aconcagua basin in the middle Early Tithonian {7].

Unfortunately, we have not ammonite control at the top of the sequence. Thus, in the
Aconcagua basin, the age of the upper limit of the sequence is only based on lithostratigraphic
correlation with southern Mendoza and the Neuquén Embayment [16,17].

The absence of Upper Tithonian and Berriasian ammonite faunas is a common situation
in the Aconcagua basin. Therefore, the Jurassic-Cretaceous boundary can not be established with
accuracy. However, it is worth noting here, that in the Andean basins a significant paleogeographic
change took place not at the Jurassic-Cretaceous boundary, but near the base of the Tithonian, when
a major flooding episode occurred [18,19].

At the beginning of the transgression, during the Early Tithonian, a shallow marine
environment was established, as evidenced by the stromatolithic beds outcropping in the Quebrada
Blanca and Guanaquita sections. As the transgression progressed, a central depocenter with relatively
deep dark shales and mudstones deposits was installed. At the same time, towards the west, these
facies sharply grade to clastics and subordinate carbonates corresponding to middle and inner shelf
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deposits (Quebrada de Navarro). Westwards, these deposits interfingered with arc-related rocks near
the Argentine-Chilean international boundary (see figure 2). In the eastern side, a broad calcareous
platform, with well defined outer, middle, and inner shelf deposits developed as seen in the sections
of Confluencia, Guanaquita, Quebrada Agua Blanca, Puente del Inca, and Quebrada Vargas. The
fauna of these environments is more diverse, mainly composed by gastropods, trigonids, other
pivalves, few echinoids, and ammonites [7].

Towards the north, in southern San Juan province, the calcareous foreshore deposits
of the Quintuco Formation directly rest on the red sandstones and conglomerates of the Tordillo
Formation [3] as in Quebrada de Vargas section, in Mendoza. The basinal black shales are absent.
Further north, this carbonate sequence lacks biostratigraphic control, and become thinner,
disappearing at the headwaters of Teatinos river [20] (see figure 1).

During Late Tithonian (?Berriasian) times, a shallow water, mostly carbonate marine
environment became widespread in the Aconcagua basin.

CONCLUDING REMARKS

The Aconcagua basin showed a complex setting during Late Jurassic times. Detailed
sedimentologic sections with biostratigraphic control permitted to reconstruct the evolution of the
basin at that time, showing a rapid transgression during the Early Tithonian, as in southern Mendoza
and the Neuquen Embayment [16]. This transgression has been dated by the presence of the
ammonite Choicensisphirictes sp. nov. in a variety of sedimentary facies. As the transgression
progressed, several well defined environments can be identified. They range from relatively deep,
poorly oxygenated facies in the center towards clastic and volcaniclastics facies in the west and north-
west, and outer, middle, and inner shelf facies in the eastern border of the basin. Due to the lack of
ammonite control, the Jurassic-Cretaceous boundary can not be properly defined in the Aconcagua
basin, but there the major paleogeographic change took place at the base of the Tithonian. Later on,
the basin was covered by extensive near-shore, carbonate environments.
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Abstract The Late Jurassic-Berriasian evolution of the Lusitanian Basin is divisible into three
tectonic phases. The initial phase (Stage I) was the onset of rifting which resulted in widespread
carbonate deposition. Extensional climax was reached during Stage II. This created highly subsident
sub-basins and a significant siliciclastic influx. Stage III was a period of thermal subsidence
overprinted by sea-level changes of presumed eustatic nature, which resulted in progradation of
siliciclastic systems, overall shallowing and infill of the basin. The lithostratigraphic framework,
timing, and interpretation of the depositional controls of each stage are presented.

Palavras-chave: Jurdssico Superior, "rifting", tecténica sinsedimentar, litostratigrafia, controlos
deposicionais, Bacia Lusitinica.

Resumo A evolugio da Bacia Lusitinica durante o Jurdssico superior-Berriasiano é divisivel em trés
etapas. A Etapa I corresponde 2 instalagio do contexto de "rifting", com a inundag@o da bacia a
originar uma vasta drea de sedimentagfio carbonatada. O climax distensivo a que corresponde a Etapa
II,.criou elevagdes estruturais, vdrias sub-bacias hipersubsidentes e um significativo acarreio
silicicldstico. A subsequente progradagiio de sistemas silicicldsticos, corresponde a Etapa III,
interpretada como uma fase de subsidéncia térmica e cuja distribuigdo de fécies resulta essencialmente
de variagdes do nivel do mar, presumivelmente eustdticas. Este trabalho constitui uma sintese, para
cada etapa, da definigdo, limites e esquema litostratigrdfico, bem como a interpretac@o dos controlos
deposicionais.

Introduction

The Lusitanian Basin was formed during a late Triassic rifting phase, and belongs to a family of
periatlantic basins (e.g. Jeanne d'Arc Basin, Scotian Basin). It is located on the western border of the
Iberian plate, and extends some 250 km in a NNE-SSW trend and up to 100 km East-West (Fig. 1).
The axis of maximum subsidence follows a general NNE-SSW structural orientation. The basin is
located between hercynian basement rocks, namely in the east the Iberian Meseta, and to the west a
marginal horst system (the Berlenga and FarilhGes islands are emerged parts of this system; Fig. 1).
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and were resedimented from platforms namely the located over the Ota horst. Southward prograding
deltaic and clastic slope systems with high proportion of turbiditic deposits (Abadia formation p.p.),
gradually reduced the area of carbonate slope and pelagic marls deposition (S. Pedro and Ramalhio
formations in the south sector). The prograding facies onlap also the Caldas da Rainha structure [2].
West of the Caldas da Rainha diapir, this phase is recorded by predominantly siliciclastic sediments,
corresponding to the vertical and lateral interfingering of fluvial, deltaic and lagoonal deposition (S.
Martinho formation). North of the Rio Maior parallel, shallow-water mixed carbonate and siliciclastics
of the Alcobaga formation were deposited.

Controls. The intense tectonic subsidence is likely to have been the major control on sedimentation, in
a global context of a long term eustatic sea-level rise from late Oxfordian to Early Tithonian as inferred
by Haq et al. [15). Until at least middle Kimmeridgian times halokinesis was an important component
of tectonics in the northwestern sector of the basin, with diapir acting as paleogeographic barriers for
the siliciclastic systems draining towards the basin [16].

After the climax of the extensional movements, sediment accommodation space gradually decreased
and there was a major basin infill episode. The reduced subsidence at the end of this stage (late
Kimmeridgian) and later, appears to be thermal in origin.

The overall progradation of the siliciclastic systems during Stage II can be interpreted as a highstand-
like linkage of depositional systems, created as a response to the tectonic derived relative sea-level
rise.

The extensional event and its sedimentary response can de described in the Montejunto area (West
border of highly subsident Arruda sub-basin) by the following succession:

- Initial rapid increase in bathymetry and instability of the bounding fault blocks or highs. This results
in facies (Tojeira carbonate breccias and siliciclastics) which display a progradational pattern that is
comparable to an early rift climax system tract [4].

- An interval of maximum sediment starvation is recorded in the Montejunto area by the ammonite-rich
beds of the top of Tojeira member and in the lower member of the Abadia formation (Casal da Ramada
marls). This interval can be interpreted as a mid rift climax system tract.

- Prograding geometries that includes all the overlying deposits of this stage, i.e. top of Casal da
Ramada marls, Cabrito sandstones and the remaining Abadia formation, are considered as the
immediate post-rift system tract.

Due to the strong reduction of tectonic subsidence and diminishing sediment accommodation space by
infill, eustatic changes might be recognized in the upper part of Abadia formation.

101 - ive pha r Kimmeridgi upper Berriasian
Qverview. At the upper Kimmeridgian times (base of Eudoxus Biozone), a short term sea-level rise

(within a long term eustatic highstand, [15,17]), generated an important transgressive surface,
followed by a widespread deposition of carbonate shelf sediments. This transgressive surface
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constitutes the lower boundary of the Stage III. The upper beds of this unit are of upper Berriasian age
[18,19]. The upper limit of Stage III correésponds to an erosional surface, the Neocomian surface, thay
over wide areas, shows evidence of significant fluvial incision and a significant hiatus (up to the
Aptian [2,10]). At the south area of the basin (Torres Vedras to Arrdbida), the upper limit is the}
unconformity and correlative conformity at the top of the Farta Pao and Porto da Calada formationg,
The overlying fluvial to estuarine deposits are considered as latest Berriasian to Valanginian [18,19],

Sedimentary record. After the rift climax (Kimmeridgian - Tithonian - Berriasian), coarse grained
siliciclastic sedimentation is likely to reflect erosion from the borders and subsequent expansion of the
drainage basin after the fault movement cessation.

The shallow marine deposits of Amaral formation, including shelf ooid grainstones and coral;
bioherms, mark the beginning of the sedimentary record of Stage IIL. The interpretation of this unit in’
the stratigraphic framework of the basin is problematic, due to the following apparently conflicting:
depositional trends:

- in the south and central areas of the basin it overlies deeper marine sediments, representing a
decrease of the overall bathymetry;

- in the north area, southernmost area (Arrdbida), and structural highs (e.g. Ota, Caldas da Rainha and
Monte Gordo) the Amaral carbonates and presumed equivalents, are a transgressive (deepening) event
within shallow marine, marginal and continental clastic deposits. These facts could be explained
admitting that in the south and central areas, the base of the unit corresponds to a flat transgressive
surface. The clastic input was trapped in marginal areas in response to a rapid sea-level rise, allowing
the shallow water carbonate systems to onlap rapidly. In such situation, the resulting transgressive
deposits are very thin. The highstand corresponds to the overlying prograding siliciclastics of the
upper part of the unit including the Lourinhi formation base (particularly the Sobral member p.p.).
The Tithonian and Berriasian are represented in the center and North by the Lourinhi formation. In the
axis of the basin persisted the shallow marine marly deposition, over which prograded fluvial and fan
deltas systems [14,16]. Up to five short-term and widespread transgressions were recorded within the
Lourinha formation. Persistent carbonate deposition was restricted to shallow platform systems in the
southern part of the basin (Upper part of Mem Martins, Farta Pdo and Porto da Calada formations).

Controls. The decrease in the subsidence rate over all of the basin and a long-term eustatic fall resulted
in the general progradation of marginal siliciclastic systems. Stages II and III thus display an overall
regressive trend with progradation of the terrestrial systems over the basin, and the large amount of
sediment accommodation space created during the rift climax, was fully infilled .

During this phase of relative tectonic quiescence, eustasy probably became the fundamental control on
several short-term sea-level cycles recorded. No evidence of significant changes in climate were

found, which was interpreted as generally warm and dry [14] . i
|
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Conclusions

The upper Jurassic-Berriasian sedimentary record of the Lusitanian Basin, testify a dynamic evolution
mainly related with a rifting episode. Facies packages and major depositional surfaces reflect three
main stages of evolution. '

Stage Iis recorded by middle and late Oxfordian sediments which unconformably lies over Callovian
limestones. Extensional tectonic related to rift initiation, existed close to the borders and along some
major ancient faults, leading to an overall flooding and deposition of lacustrine and shallow marine
carbonates in a marked transgressive trend.

The climax of the rifting is expressed by the maximum extensional faulting, more intense in the central
sector of the basin, where three main sub-basins with intense tectonic subsidence, were created.
Application of the tectonic systems tracts model [4] was tried in Montejunto region, based on
depositional patterns and palaenvironmental evolution. Prograding and onlapping geometries were
interpreted as result of extensional climax subsidence and subsequent decrease. The immediate post
rift sedimentary package, display a broad prograding geometry due to a decreasing creation of
sediment accommodation space.

The third stage begin with a transgressive carbonate sedimentary package which records shallower
conditions in depocenter areas and onlapping and transgression over the borders and structural highs.
This is interpreted as resulting from a progressive changing from a dominant tectonic subsidence to an
eustatic and thermal subsidence control of sediment accommodation space creation. The long-term
eustatic signature is present in Stage I as a rise, and in Stage III as a fall. The short-term eustasy
recorded in the rise at the lower boundary of Stage IIi, and subsequent several transgressive episodes
of this last stage.

It should be noted, that the internal complexity of the succession particularly the deposits of Stage II
and lower part of Stage I, is not yet fully resolved. In the Stage III, the lack of biostratigraphic data,
turns the basinwide correlation very uncertain. On the other hand, the dominant tectonic control in the
early creation of accommodation space, changing later to a dominant eustatic and thermal subsidence
control, creates a sedimentary succession that needs to be explained, .considering the sequence
stratigraphy, tectosedimentary stratigraphy and rifting tectonic models.
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ABSTRACT

Recent studies carried out the High Andes of central-western Argentina in the provinces of San
Juan and Mendoza, establish the stratigraphic and structural evolution of this region. The objective
of this work is to present the early Mesozoic tectonic evolution and to correlate it with the further
west adjacent Chilean region.

The paleogeographic evolution involved the Cordillera Principal of San Juan is controlled by
the development of the Mercedario rift system. This rift begun with the subsidence and
sedimentation of synrift deposits within the taphrogenic basin of Rancho de I.ata Formation, during
the Rhetian (about 190 Ma). The subsidence of this tectonic basin was driven by normal faults
which are still preserved in spite of the severe tectonic inversion of the Andes during the Cenozoic.

The pattern of the normal faults permitted to reconstruct the geometry of the rift system. This
rifting was followed by a thermal subsidence which expanded the original area of sedimentation and
controlled the paleogeography of the Los Patillos Formation. This unit was deposited from
Pliensbachian to early Callovian times. This period of cooling and thermal subsidence is correlated
in the continental margin by quiescence in the magmatism. The sedimentary basin evolution closely
matches the magmatic history of the Chilean continental margin. There the beginning of subduction
at the continental margin in the Bathonian, coincided with the upper section of Los Patillos
Formation.

Different authors have emphasized that an important extension dominated the transition between
the Triassic and Jurassic periods along the magmatic arc in the Coastal Cordillera of Chile on the
western side of the Andes. This extension was interpreted on the base of the bimodal magmatism
that characterized the evolution of this segment of the Andes (30°- 33° SL). The geochemistry and
petrology of the granitic plutonism and the associated mafic volcanism indicate that the magmatism
emplaced in the Coastal Cordillera was controlled by extension during 220 - 200 Ma. The first
orogenic granitoids at these latitudes are 170 Ma old (Bathonian) which are typically calcalkaline
and subduction related.

The arc magmatism shifted to the Principal Andes of Argentina during the Kimmeridgian, being
represented by the volcanics and volcaniclastic deposits of Tordillo Formation.

The analysis of these two adjacent and contrasting regions permitted to reconstruct acommon
early Mesozoic evolution of the Andean system at these latitudes.

INTRODUCTION

The occurrence of Mesozoic deposits in the High Andes of San Juan has been widely known
since last century by the exploration accomplished by Stelzner [1], Schiller {2, 3] and Lambert [4],
among others. However, the tectonic setting and the paleogeography of Early Mesozoic sequences
were unknown. Recent studies performed in the last years shed some light on the understanding of
the structure, biostratigraphy, and tectonic evolution of the region [5, 6,7, 8, 9, 10]. Therefore,
the objective of this paper is to review the present knowledge of the tectonic evolution and
paleogeographic development of the Triassic and Jurassic deposits of the northernmost sector of the
Cordillera Principal at the latitude of San Juan (see figure 1).
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At the same time, we aim to link the sedimentary history of the basin to the evolution of the
continental margin through the tectonomagmatic events recorded in Chile and Argentina.

TECTONIC SETTING

The Triassic paleogeography of Argentina and Chile at these latitudes presents some
important links at both sides of the Andes, as shown by the early reconstruction of Charrier [11],
and the most recent of Uliana and Biddle [12] and Ramos and Kay [13]. It is evident that Pangea
was affected by an important extensional regime related to the almost complete cessation of
subduction along the peripheral continental margin of the supercontinent [14]. The high temperature
thermal anomalies produced by blanketing of the mantle by supercontinents as proposed by
Anderson [15], later modelled by Gurnis [16], controlled the break-up of the supercontinent, and
the consequent dispersal of the different blocks. This process has driven to the inception of
important rift systems along weakness zones of the supercontinent, such as previous sutures. Those
rifts developed in the suture hanging-walls of several collisional orogens around the world.

The peripheral development of the rift systems in southern South America was evidently
controlled by the ancient major crustal boundaries among previous amalgamated terranes [13, 17].
Soon after the sanrafaelic orogenic phase, a major period of shortening during middle Permian, an
important phase of quiescence and mild extension originated the Choiyoi acidic magmatism. This
extensive rhyolitic plateau, developed along hundred of kilometers from northern Chile to southern
Argentina [18], with volcanic piles from 2 to 4 km, is only locally connected with rifting and active
extension. The major rift systems were developed during late Triassic times between 235 and 230
Ma. This rifting episode was evidenced in several basins such as Cuyo, Marayes, Ischigualasto,
and Puesto Viejo by the age of the synrift deposits and associated mafic alkaline magmatism.

However, the classic paleogeographic reconstructions of these rift systems as depicted by
Uliana and Biddle [12], Ramos and Kay [13] and Ramos [19], have not identified any rift along
the High Andes of San Juan and Mendoza. Concerning this last sector the studies of Yrigoyen [20]
and Ramos [21,22], as well as the recent work of Cegarra and others [23], point out that the upper
Jurassic marine of La Manga Formation was deposited in an unbroken peneplain developed on the
Choiyoi Group volcanics. The studies of Alvarez and others [7] and Cristallini and others [6]
demonstrated a different behavior in the High Andes of San Juan.

THE RANCHO DE LATA SYNRIFT SEQUENCE

The detail surveys performed along the eastern slope of the Cordén del Espinacito by
Alvarez [24], Benoit [25], showed that continental deposits developed between the rhyolites and
associated pyroclastics of the Choiyoi Group (Permian - upper Triassic), and the marine Los
Patillos Formation (early and middle Jurassic). These continental deposits of conglomerates, red
beds, and tuffs associated with bimodal magmatism were included in the Rancho de Lata Formation
(upper Triassic - early Jurassic) (see figure 2) by Alvarez [24] and Alvarez and others [7]. This
unit is locally bounded by normal faults with the volcanics of the Choiyoi Group.

The Rancho de Lata Formation is characterized by chaotic conglomerates at the base, fining-
upward sandstones and conglomerates with cross-bedding, and fine epiclastic beds bearing abundant
microflora and fossil plants, which corroborate its continental origin. The facies corresponds to
fluvial deposits at the base which topward grades to lacustrine facies. Locally, some calcareous
black shales and thin stromatolites characterized the lacustrine facies. The sedimentary sequence
is interbedded with pyroclastic products related to explosive volcanism.

Pyroclastic facies consist of ignimbritic breccias, flow tuffs, and Plinian fall tuffs. Surge
deposits have been identified at the base. Rhyolitic domes and fissural volcanism are controlled by
north-south fractures. Olivine basalts in dikes and sills are widespread within this unit.

The thickness of Rancho de Lata Formation measured in the eastern belt of outcrops ranges
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from 100 meters at Rio Colorado, to 150 meters at Espinacito and more than 500 meters in Arroy,
Rancho de Lata. In the Central belt, this-unit has 150 meters in Arroyo de las Garzas, 140 meters
in Ciénaga del Gaucho [26], and more than 300 meters with the base not exposed in Arroyo Lag
Flores. Rancho de Lata Formation is represented by only 15 meters at Pachén, in the western bel;,
These thicknesses denote a pattern of thickening towards the south and the east.
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Figure 2: Generalized section of the Jurassic deposits of the High Andes of San Juan (after [7]).

These continental deposits are covered by the marine Los Patillos Formation (figure 2). This
unit consists of calcareous sandstones, packstones, nodular mudstones and tuffs. The sequence starts
with a residual conglomerate immediately overlain by fossiliferous limestones. These bioclastic
limestones are interfingered with characteristic near-shore facies of cross-bedded coarse sandstones.
The sequence grades upwards to fine sandstones with parallel stratification and massive sandy
bioclastic limestones. These limestones have densely packed fossil invertebrates. The presence of
large logs is indicative of a near-shore, high energy environment. High energy levels related to
storm events are present along this marine sequence up to the Late Aalenian. The deepening of the
basin during Bajocian times persists up to the Early Callovian with a minor regression during the
Early Bathonian.

Thickness of the Los Patillos Formation in the eastern belt varies from 250 meters in Arroyo
Las Vegas, to 120 meters in Paso del Espinacito and 200 meters in La Ramada. In the central belf,
at Ciénaga del Gaucho it has 220 meters, a minimum thickness of 115 meters in Arroyo Flores (top

not exposed) and 150 meters in Arroyo de las Garzas. In the western belt, it shows about a 100
meters at Pachén.
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These thicknesses are indicative of a more homogenous fill with a northwest depocenter trend. The
Lower Jurassic deposits are only developed in the southern end of the central and eastern belts,
while the Middle Jurassic is widely extended throughout most of the area (see[27]).

The contact of the Los Patillos Formation with the Rancho de Lata Formation jg
conformable, but some areas such in’'the Brazo Sur of the Arroyo Flores shows a clear anguly,
unconformity between both units (figures 3 and 4). The Arroyo Flores area previously studied by
Kiihn [28] and Stipanicic [29] is a well exposed section to characterize the tectonic setting of the
Jurassic sequences. The lower sequence is exposed in a series of half-grabens, controlled by west-
dipping normal faults, filled with the Rancho de Lata deposits. The highly variable thicknegs
variations of this unit is interpreted as characteristic of synrift facies deposited during the active
faulting of the basin. Above the unconformity, a sequence of shales and sandstones with tabular
development overstep the different grabens, without being affected by the normal faulting. Fossi]
content of this unit permits the correlation of the Arroyo Flores section with the type locality of
Los Patillos Formation (see [9]). This sequence ‘is covered by limestones of La Manga Formation.
These units are interpreted as sag facies related to the thermal subsidence of the rift system. Both
units are widely extended and overlap not only the synrift sequences, but also the prerift sequences
of Choiyoi Group in some areas. Locally, as in Arroyo Flores, the Jurassic sequence ends with
gypsum deposits of Auquilco Formation (Late Oxfordian - Kimmeridgian) and continental red beds
of Tordillo Formation. These continental deposits are related to a new sedimentary cycle of
Tithonian - Early Neocomian age.

Based on the previous description there is no doubt that the Rancho de Lata Formation
coincides with the period of active normal faulting while the Los Patillos and La Manga Formations
are associated with the thermal postrift subsidence of the Triassic - Early Jurassic basin.

THE MERCEDARIO RIFT SYSTEM

Different direct and indirect criteria were used to identify the rift system developed north
and south of Cerro Mercedario, at the southern sector of Cordillera Principal of San Juan (figure
5). The structural framework was built up based on the following evidence:

a) Direct observation of the normal faulting and the synrift deposits, such as in the
Espinacito {25}, Arroyo Flores [9], Ciénaga del Gaucho [27,30], etc.

b) Indirect interpretation of the basement control of the Andean structures. For example at
Rio Volcin and Los Teatinos the early Mesozoic structures are covered by younger deposits.
However, the structural interpretation indicates that the thrust plate geometry is modified by a
series of lateral and oblique ramps that produced a series of interferences between the eastward
transport and the basement geomeiry (see for discussion Cristallini and others [6]).

Based on these criteria a series of half-grabens with a dominant northwest trend has been
identified. This trend is similar to the previously proposed direction of Charrier [11], and explained
the "en echelon" pattern of the Early to Middle Jurassic outcrops found by Ramos and others [9]
in the western, central, and eastern belts.

THE MAGMATISM AT THE CONTINENTAL MARGIN

The plutonic history of Central Chile between 30° and 33° SL shows two distinctive stages
for the Mesozoic (see figure 1). ,

The first stage is characterized by leucogranits and mafic dikes that result from partial
melting of a quartz-feldspathic source, probably Upper Paleozoic plutonic rocks (see[31,32]). This
Upper Triassic-Lower Jurassic bimodal plutonic suite occurs along the Cordillera de la Costa in
northern Chile. It consists of leucogranits of the Tranquilla-Millahue Unit, and monzodiorites to
gabbros of the Talinay Unit [33]. The Sr¥/® ratio is high, between 0.7048-0.7134 [31]. The age
of these sequences can be constrained between 220 and 191 Ma [32].
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stromatolites. This level is also rich in Chondrites and a belemnite - ammonite fauna of the
Hildoceras bifrons zone [5).The Lower Jurassic sequence of the Bobrowiec unit was probably
accumulated on a slightly elevated ridge in relation to the Fleckenmergel basin of the Eastern
Tatra. The occurence of different sequences in Fatricum domain could be related to
Early/Middle Jurassic tectonic actlwty

The unification of facies in the Fatricum domain starts with deposition of greenish,
spotty radiolaritic limestones yielding Zoophycos and Chondrites. Further deepening of the
Fatricum domain in Middle - to Late Jurassic is documented by the carbonate - siliceous
sequence: red nodular limestones (Callovian), red and green radiolarites (mainly Oxfordian),
red nodular limestones (Kimmeridgian), grey or reddish marls with aptychids (Lower
Tithonian) and white limestones (Tithonian/Berriasian) of maiolica facies [5, 9]. This post -
rift sequence was deposited on a thinned continental crust at the depth close to the CCD.

Hronicum domain. The Jurassic succession (only Lower Jurassic strata) of Hronicum
domain is known in the Tatra Mts only from two small tectonic units (Cho¢ nappe), Lower
Jurassic is characterized by a dominatly calcareous mosaic sedimentation (red and white
crinoid limestones, brachiopod limestones, cherty limestones ). The youngest level occuring
in the Tatra Mts. is built by slightly nodular red limestones of probably Toarcian age. This
level could be related to the beginning of the Hronicum domain deepening, documented by
Middle - Upper Jurassic , mainly pelagic limestone sequence preserved in the Slovak part of
the Inner Carpathians. This event is also registarted by Toarcian? neptunian dykes penetrating
organogenic limestones.

o obe B 0D Bk B 72 /o b

Fig. 5. Palinspastic reconstruction of the Western Carpathians at the end of Jurassic

European plate: Pl - platform, S - Silesian zone, CS - Silesian Cordillera,
Gr - Grajcarek zone, Cz - Czorsztyn zone, B - P - Branisko - Pieniny
zone; X - Vahicum ocean domain; Apulian plate: CA - Andrusov Cordillera,
T - Tatricum zone, F - Fatricum zone, H - Hronicum zone, S - Silicicum
zone; 1 - continental crust, 2 - oceanic crust, 3 - shallow-water limestones,
4 - drowned platform, 5 - pelaglc limestones and marls, 6 - allodapic
limestones, 7 - neptunian dykes, 8 - volcanism, 9 - thrust.
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CONCLUSIONS

The Tatricum - Fatricum - Hronicum domains in Jurassic Tethyan paleogeography were
separated from the European plate margin by an Andrusov cordillera [2] and by an oceanic -
Vahicum domain [7, see also Fig. 5] resulted from rifting processes which started at the
beginning of Jurassic. The Jurassic sedimentary successions of the Tatra Mts, record the syn
- rift to post - rift history of this postulated ocean. Early Jurassic extension in the Inner
Carpathians led to the development of the basic pattern of basins and ridges or platform
(Fig.4). This rifting phase is contemporaneous with rifting processes in Ligurian
Tethys.Middle/Late Jurassic' extension led to platform drowning and deepening of basins
(Fig. 4). This phase is correlated with thermal subsidence of Western Tethys passive margins
which was contemporaneous with the beginning of spreading of Ligurian Tethys [8]. Late
Jurassic/Early Cretaceous volcanic activity in the external zone of Tatricum domain as well
as in the Outer Carpathians was related to a new event of extension correlated, however,
with the phase of compression and overthrusting in the innermost zones of the Western
Carpathians (Fig. 5). At the end of Jurassic, a small oceanic basin (Meliata ocean) situated
to the South of Hronicum zone was closed [7].In general, the Jurasic evolution of the
Western Carpathian sector of the Tethys, despite some similarities, was more complicated
than the well recognized history of Ligurian Tethys [3, 6, 10].
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oland
P Lower Oxfordian sections of Zalas, Podleze (3 sections) and Rudno within the Krakow-Wielun
Uplands have a published magnetostratigraphy [14]. The lower extent of the succession at Zalas has
been revised by Marchand and Tarkowski [19].

The two Gniezdziska quarry sections of lower to middle Oxfordian in the Holy Cross
Mountains have been described by Matjya (20] and Drewniak and Matyja [21]. The middle
Oxfordian in Wola Morawicka quarry in the same region can be correlated to Gniezdziska using
lithostratigraphy. The Wysoka quarry in the Polish Jura is described by Glowniak and Matyja [22].

Niegowonice quarry in the Polish Jura has a detailed middle Oxfordian ammonite stratigraphy
by Matyja and Wierzbowski [23, 24]. Zawodzie quarry in the eastern suburbs of Czestochowa has a
detailed ammonite succession spanning the Bifurcatus Zone [25, 26, 27]. Syborowa quarry in the
Polish Jura has a well-defined Bifurcatus-Bimammatum zone boundary [28, 24].

The lower Kimmeridgian quarries at Malogoszcz and Bukowa in the Holy Cross Mountains
have a biostratigraphy and lithostratigraphy by Kutek [29, 30, 31]. The Sobkéw-Wierzbica quarry in
the same region spans the Oxfordian/Kimmeridgian boundary ([32].

Spain

P Four Oxfordian sections near Aguil6n (Iberian Chain) have a published magnetostratigraphy by
Steiner et al. [13). Judrez et al. ([15] duplicated two of these sections and added two new sections.
G. Meléndez was the lead paleontologist for both of these studies, but his ammonite zonal scheme
and boundary placements had changed during the intervening 8 years [e.g., 17]. Therefore, the results
of Steiner et al. [13] have been adjusted for the revised biostratigraphy. The composite polarity
patterns of each of these two studies (6 sections total) are nearly identical.

Middle to upper Oxfordian successions in the Prebetic paleogeographic zone at Segura de la
Sierra and at Cazorla are from sections #1 and #4 in Garcfa-Herndndez et al. [33]. The
Oxfordian/Kimmeridgian boundary sections at Cehegin and Sierra Gorda #2 have ammonite
stratigraphy by F. Oloriz and J.M. Tavera (personal communications, 1982).

Lower Kimmeridgian portions of the sections at Carcabuey and Sierra Gorda are reinterpreted
from the original data included in Steiner et al. [13]. These sections continue through the Tithonian
(not shown), and provided the basis for the present Tithonian ammonite zone correlation to magnetic
polarity chrons [9].

MAGNETOSTRATIGRAPHY

A total of approximately 500 samples from this suite of sections were thermally demagnetized
to obtain characteristic directions of magnetization. Samples from Spain were commonly reddish in
color and generally displayed well-defined directions of dual polarity from 350°C to 500°C or 600°C.
The pole positions are consistent for the expected paleolatitudes of Spain during the late Jurassic
[e.g., 13], and indicate differential amounts of rotation.

Samples from Poland generally had weak intensities of magnetization. Commonly above
350°C, the magnetization was too weak to accurately measure or would acquire unstable directions
induced by formation of new magnetic phases from oxidation of pyrite or decomposition of iron-
bearing clay. For most of the Polish samples, demagnetization at 200°C was adequate to unblock
normal and reversed polarity. The bulk of the samples were useful for polarity, but the high scatter of
most characteristic directions precluded computation of precise poles. Those subsets of samples that
yielded stable directions had a paleolatitude consistent with the expected late Jurassic position of
Poland [e.g. 14].

COMPOSITE POLARITY PATTERN AND CORRELATION TO M-SEQUENCE

The correlation of the suite of magnetostratigraphic sections depends primarily upon the
assignment of ammonite zones and subzones (Figures 1 and 2). A composite polarity pattern is
constructed for each ammonite zone according to duplication of polarity features in multiple sections
with allowance for recognized discontinuities in sedimentation (columns on right side of Figures 1
and 2). In some cases, especially within portions of the Plicatilis and lowermost Transversarium
zones and at the Oxfordian/Kimmeridgian boundary, the composite polarity column is based upon a
single magnetostratigraphic section. The Poland and Spain composite polarity patterns were rescaled
using (1) an arbitrary assumption of equal-duration for ammonite subzones within the Oxfordian and
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within the Early Kimmeridgian, and (2) an age scale of 150.7-Ma for the Kimmeridgian/Tithonian
boundary and 154.1 Ma and 159.4 Ma for the boundaries of the Oxfordian Stage [5] (leftmost
column in Figure 3). . ) : )

An approximate age scale for the Jurassic portion of the M-sequence of marine magnetic
anomalies [7] was based on two calibration points: (1) Ocean Drilling Program (ODP) Site 765,
drilled on marine magnetic anomaly M26r in the Argo Abyssal Plain, has an Ar-Ar age on the
basement basalts of 155.3 £ 3.4 Ma [34]; and (2) ODP Site 801, drilled into Pacific crust older than
magnetic anomaly M39, has basement basalts interbedded with radiolarian assemblages of latest
Bathonian or earliest Callovian [8] and an Ar-Ar age of 166.8 +4.5 Ma [35] (middle column of
Figure 3).

8 Wl)len these two independent scales -- magnetic polarity zones for ammonite zones and the
marine magnetic anomaly pattern -- are compared, the approximate frequency of reversals are simijar
(Figure 3). A set of correlations can be made using the following logic: (1) the Kimmeridgian
polarity zones are equivalent to magnetic polarity chrons M23 through M25 [9], (2) the normal
polarity zone in the lower part of the Platynota Zone is polarity chron M25n, implying that the
projected M-sequence ages should be moved slightly younger (e.g., a more rapid spreading rate) thag
was initially assumed, (3) all major polarity zones have been identified in the Oxfordian above the
Mariae Zone and these have a counterpart in the M-sequence, (4) the M-sequence model for the low-
amplitude Japanese magnetic lineations may have included brief “reversals” that are artifacts of
natural intensity fluctuations or topography (e.g., the clusters of brief events modeled within
anomalies M26, M29n and M34r), and (5) the relative scalings of ammonite subzones or zones and
their associated polarity zones are approximately correct, except for rare exceptions, such as the
Rotoides Subzone, which span only a thin stratigraphic band in the measured sections.

Under this set of constraints and assumptions, a consistent suite of correlations is possible. The
Oxfordian stage appears to be equivalent to magnetic anomalies M25r through M35. If a constant
spreading rate is assumed for the formation of this magnetic anomaly set in the Japanese lineations,
then these correlations yield a relative duration of ammonite zones and subzones and a few postulated
revisions in the magnetic anomaly model (right column in Figure 3).

The resulting composite scale of magnetic polarity chrons and associated ammonite zones
provides a revised Oxfordian and Early Kimmeridgian time scale (Figure 3). The abundance of
magnetic polarity reversals will cause ambiguity in broad correlations unless either detailed
biostratigraphy, sequence stratigraphy, or isotope stratigraphy is available. However, once the
approximate ammonite zone is known, then the magnetic reversals will provide a set of time horizons
for high-resolution correlation on a global scale.

Figure 3. (opposite page)

The left pair of columns are the composite magnetostratigraphy zonation and the M-sequence of
marine magnetic anomalies using a constant spreading-rate model. Proposed major correlations are
in heavy lines and lesser correlations are in light or dashed lines. Rescaling of the ammonite zones to
fit this marine magnetic anomaly model yields a composite magnetic polarity time scale for the
Oxfordian-Kimmeridgian (columns on the right) with estimates of relative durations of the associated
ammonite zones and subzones. The magnetostratigraphy suggests that the initial magnetic anomaly
model (left side of polarity time scale) may require minor revision of brief polarity intervals (right side
of polarity time scale).
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Preliminary Magnetostratigraphic and Paleomagnetic Data on Lower
Jurassic Rocks of Neuquén Basin (Argentina)
M.P. Iglesia Llanos and H. Vizan

Lab. de Paleomagnetismo, Fac. de Ciencias Exactas y Naturales, Universidad de Buenos Aires,
1428 Buenos Aires, Argentina
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Abstract: A paleomaguetic study was carried out in Chacay Melehue area, on the southern border of Cordillera
del Viento, located at Long=70°20" W and Lat=37°17" S. Samples were taken from the lower section of the
profile known as Rajapalo. The sectionis composed by a Permo-Triassic volcanic basement (Choiyoi Group). This
is uncomformably overlaid by a 100 m thick sequence of Liassic rocks: andesites, tuffs, ignimbrites, basalts and
sandstones with fossils of Late Pliensbachian-Early Toarcian age. Liassic samples show distinctive palcomagnetic
behaviour related to their different lithologies. Some pyroclastic rocks are mainly composed by two magnetic
components. Their Characteristic Remanent Magnetization (ChRM) was carried by minerals of the hematite-iltmenite
series. Other pyroclastic and clastic rocks have at least two magnetic components, and their carriers are minerals
of the titanomagnetite-magnetite series. Basalts held two and, in some cases, one magnetic component, carried
mainly by minerals of the titanomagnetite-magnetite and hematite-illmenite group. Positive reversal and
conglomerate tests suggest a primary origin for the ChRM. Moreover, this is confirmed by a polarity change
between Choiyoi basalts and the uncomformably overlying Lower Jurassic pyroclastic rocks. A minimum of four
polarity zones are present in the Jurassic sequence: reverse, normal, reverse and normal polarity. These first results
were obtained from 14 hand samples -28 specimens- collected from eight sites, and yield a preliminary
paleomagnetic pole : Long=120° E, Lat=73°S, A,s= 7.5°. This pole is coincident with another of the same age
from the Chubut Liassic Basin in Patagonia.

INTRODUCTION a)

Magnetostratigraphy is a very effective
tool to correlate global events. The most reliable

magnetic polarity time scales are those obtained 20 =
from oceanic magnetic anomalies sequences. But -
there is no true Atlantic oceanic crust older than -/
160 My [1]. Therefore, there are no oceanic |
magnetic anomalies records older than the . T &
Bathonian [1]. As a consequence, older magnetic 3) '“'

polarity time scales must be derived from
continental sections. 3]

Important criteria for magnetostratigraphy
are thick continuous sections without many
uncomformities or hiatuses and yielding accurate
biostratigraphic and/or radimetric data. Many well
known magnetostratigraphic time scales for the
Early Jurassic are calibrated to  ammonite
European Standard Zones [1, 2, 3, 4, 5]. Thus
far, no magnetostratigraphic time scale has
correlated to other ammonite zonations, such as
the one proposed for the Eastern Pacific region
6, 7).

MENDOZA
T

FIG.1:Location of the study area. Classical sections of
Neuguén Basin; 1: Rajapalo section.
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RP6(1)

Horizontal Projection (D) O
Vertical Projection () A

The paleomagnetic
behavior shows two distinct
groups. The first group has only
a small secondary magnetic
component, so that ore
component virtually defines its
paleomagnetic response. An
example of such behavior is
illustrated by basaltic sample
RP8(2) from sampling site 7
(Fig.3). NRM measurements
for this specimen exceeds 14
A/m. In a stereographic plot
(Fig. 3a) the sample seems to
have only one magnetic
component, with positive
inclination. A diagram of NRM FiG. 5: Paleomagnetic behavior of a basaltic specimen -RP6(1)-
(Fig. 3b) showing the variation treated by thermal demagnetization. See Fig. 3 for more information.
of Intensity (J/Jo) during
thermal treatment (°C), reveals the existence of another magnetic component with opposite
inclination. This secondary component is completely eliminated at 300°C, when the
component with positive inclination and high blocking temperatures begins to prevail, until
it is removed at 650°C. The stability of NRM until 625° indicates that the remanence
mineral carriers correspond to the illemnite-hematite series and to magnetite. We defined
Characteristic Remanent Magnetization (ChRM) direction as the mean magnetic vector within
the suite of demagnetization steps of 450°-525°C. RP8(3) (Fig. 4) corresponds to the same
sample demagnetized by AF. NRM intensity is higher than 10 A/m. The stereographic plot
(Fig. 4a), is very similar to the one corresponding to RP8(2). The variation of intensity (J/Jo)
during AF demagnetization (mT) (Fig. 4b), indicates that a secondary magnetic component
is progressively eliminated between 2.5-12.5 mT. Above 12.5 mT, only one component with
high coercivity is present,

300 ) 580-6p0

200 400 580 650 °C 400-550

which can nOt. be removed N RP6(3) Horizontal Projection (D) O
because very high fields are Vertical Projection () A
needed. In the vector plot of

intensity of magnetization in a)

horizontal and vertical planes

(Zijderveld plot) (Fig. 4c) a

secondary magnetic component

with negative inclination is

cleaned at the begining. We ¥/

assigned ChRM direction as the b)

mean of the suite of vectors

between 45-50 mT.
Petrographical

observations were performed on

polished thin sections of the

RP8 basalt using a Leitz

microscope  with  vertical-

illumination and oil-immersion FIG. 6: Paleomagnetic behavior of a basaltic specimen -RP6(3)-
treated by alternating fields (AF). See Fig. 3 for more information.

0.5

575 15 20 25 325 mT
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- Thurmanniceras (Erdenella) isare (Pomel), ? Neocomites sp.

Subzone of Berriasella (Malbosiceras) paramimouna

- Groebericeras laevigatum Howarth

- ? Thurmanniceras sp. indet.

- Groebericeras rocardi (Pomel)

- Grobericeras rocardi, Dalmasiceras (Elenaella)
prorsiradiatum Howarth.

- Spiticeras (S.) spitiense (Blanford)

- Groebericeras rocardi, Thurmanniceras (Erdenella) sp.
indet., Banikoceras involutum Howarth

- Groebericeras rocardi

TITHONIAN

Zone of Durangites

- Oxytenticeras lepidum Spath, Proniceras cf. jimulcense
Imlay,
Berriasella (Malbosiceras) chaperi (Pictet), B. (M) cf.
asper Mazenot, Berriasella sp. indet. Chigaroceras
banikense Howarth, Ch. wetzeli Howarth, Ch. planum
Howarth.

- Protancyloceras sp. indet. ? Neocosmoceras sp. indet.

Zone of Micranthoceras microcanthum

- Phanerostephanus sp. indet., Notostephanus sp. indet.

- Protancyloceras sp. indet., Phanerostephanus subsenex
Spath,

- Protancyloceras sp. indet., Cochlocrioceras sp.
indet., Oxylenticeras lepidum Spath, Notostephanus sp.
indet., Lamellaptychus.

- Pesudolissoceras advena Spath Oxylenticeras lepidum,
Phanerostephanus subsenex Spath, Lamellaptychus, ?
Virgatosphinctes sp. indet.

- Phanerostephanus sp. indet.
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internispinosum Zone. This, assemblage includes Vallupus hopsoni Pessagno & Blome,
Mesovallupus Pessagno & MacLeod, and Protovallupus Pessagno & MacLeod. The Argentine
pantanelliid assemblage is correlative with North American Zone 4, Subzone 4 beta (Pessagno et
al.[3]). A younger association of Vallupinae has been described recently by the author (Pujana [4]).
All genera in this association possess a bell shaped cortical collar like the species V. japonicus. The
presence of this two Vallupinae associations in the Tithonian of Neuquén is a promising time
marker for biostratigraphic purposes.

VALLUPINAE TEST STRUCTURE

Pessagno and Blome created the Vallupinae to distinguish pantanelliids that possess cortical
collars. Species and genera of Vallupinae are distinguished by the number of cortical collars and
spines . The phylogenetic felationships among Pantanellium, Protovallupus, Mesovallupus, and
Vallupus are explained through the development of cortical collars and the loss of spines.
Evolutionary changes also can be seen among the varied forms possessing two collars, such as the
angle of separation between cortical collars. Pessagno and Blome [3] used differences in the number
and shape of cortical collars and spines to define the new genera Bivallupus, Mesovallupus, and
Protovallupus. These genera are related to Vallupus and its type species V. hopsoni, in showing the
typical cylindrical to conical cortical collar that expands continuously towards the aperture with
irregular borders.

VALLUPINAE EVOLUTIONARY EVENTS:

The two evolutionary events affecting the Vallupinae Family in Neuquén Basin are identified
herein as “Vallupus hopsoni” event and ’
“Vallupus japonicus” event:

“Vallupus  hopsoni” event: This older

100 meters

occurrence is characterized by the presence of g Berriasellasp
specimens with multiple cortical collars and 8
indentations. These forms always have a Tithonian 3
cylindrical to conical cortical collar that ' %
expands continnously towards an aperture ;‘
with irregular borders.

Corongoceras lotenoense
Occurrence: lower part of Pseudolissoceras ITT1II mosrz  Pavioviasp.
zitelli Zone to at least upper part of = oo 8 Pseudolissoceras sp.
Aulacosphinctoides proximus Zone (lower §8 E %g
middle Tithonian after Leanza and Hugo [5]). _§§ 258} Virgatosphinctes sp
“Vallupus japonicus” event: This younger §-§~§ §_§- :
;)ccurrencfe is dcfmed by an abundance. of S §E§ Choicensisphincthes
orms with multiple and indented cortical

v choicensis

Tordillo Fm.

collars but all have the typical bell-like shape.

Occurrence: Upper part of Windhauseniceras Kimmeridgian
internispinosum Zone and Corongoceras
alternans Zone (so far as known). The “V.
Japonicus” event is present in an unzoned
interval between the Aulacosphinctoides proximus Zone and the Substeueroceras koeneni Zone
(uppermost middle Tithonian to lower upper Tithonian) in Bardas Blancas, and in the

Windhauseniceras internispinosum Zone (uppermost middle Tithonian) in Portada Covunco and
Mallin Quemado sections.

Figure 2: Mallin Quemado section. Profile after Leanza 1973.









































































































