The Contribution of Austrian Geo-Scientists to the
Geological Exploration of Pakistan

by Harald Lobitzer

Contents

Indroduction
2. Early Naturalists
Joseph Tieffenthaler
Baron Karl Alexander Anselm von Higel
Johann Martin Honigberger
3. The Geological Survey of India and the Relations to Austria
Ferdinand Stoliczka - Founder of Systematic Geology of the Western
Himalaya / Kashmir
Wilhelm Waagen - Palaeontology of Cutch - Salt Range - Hazara
Ottokar Feistmantel - Palaeonbotany and Gondwana
Carl Ludolf Griesbach - Superintendent of Geological Survey of India
Carl Diener - Triassic Ammonite Stratigraphy of the Himalayas
4. Post World War Il Activities
Gasherbrum Il - First Ascent
Field Work in Chitral and Gilgit
Hazara, Western Himalayas
Further Basic Research
Mineral Exploration
Hydrocarbon Exploration
Hot Springs
Neotectonics
5. Post-graduate Training Center for Geology
Acknowledgements
Selected References

-—

1. Introduction

In the frame of Aloys Sprenger Symposium in Islamabad, October 26-30, 1996 -
organized by the Austrian Embassy - the author had the honour to give a lecture on
the highlights of ,The Contribution of Austrian Geo-Scientists to the Geological
Research in Pakistan“. The. lecture was illustrated by numerous slides and
overheads documenting the most important papers with fossil-plates, geological
maps and sections etc. in Palaeontologica Indica, in the Records of the Geological
Survey of India and published in European journals. Another goal of the lecture
presented was to work out the relations of the British Geological Survey and its
outspring in Calcutta, the Geological Survey of India (established in 1851), with the
Austrian geoscientific community, i.e. the Geological Survey of Austria (established
in 1849) and the Universities of Vienna and Prague. The role of a few famous
Austrian  key-persons® in geosciences with excellent international connections was
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enlightened (e.g. Wilhelm von Haidinger, Eduard Suess, Franz von Hauer). They
were not only famous scientists, organizers and scholars, but lived for the idea of
humanistic cosmopolitism, an idea so rare to find in present days Austrian
geoscientific management.

The goal of the present paper is to point to a few most important Austrian
geoscientists, who stimulated the knowledge on the geology of the Subcontinent,
with particular emphasis on the territory of Pakistan. While the first scattered
geological annotations were published in monographies by missionaries on various
topics (Tieffenthaler 1785-1789) and travellers interested in natural sciences (v.
Hugel 1840-1848, Honigberger 1851), systematic geoscientific work by Austrians in
Pakistan commenced with a comet, namely Ferdinand Stoliczka in 1862. The
classical period of Himalayan research is strongly connected also with other famous
geoscientists of the Austrian-Hungarian monarchy e.g. Waagen, Feistmantel,
Griesbach and Diener. After the breakdown of the Austrian-Hungarian monarchy in
1918, Austria shrimped to a small country and the striking influence by Bohemian
geoscientific institutions and of proverbial creative Bohemian/Moravian scientists - as
Stoliczka and Feistmantel - belonged to history.

In the period between the two World Wars geologieal activities of Austrians in
connection with Pakistan are almost entirely restricted to work in scientific institutions
and laboratories on material collected during the classical period of geological
research. Since World War |l, however, various Austrians were active in Pakistan,
most of them in joint ventures. The activities comprise geological research during
mountaineering expeditions (e.g. Gattinger, Diemberger), cooperation in mineral raw
materials exploration (AUSTROMINERAL Co. Ltd., OMV-Pakistan Co. Ltd.), basic
and applied field research and geological mapping (Fuchs, Gattinger, Gamerith,
Buchroithner). Also the palaeontological and petrological basic research in Austrian
scientific institutions continued (e.g. Fligel, Mostler, Vogeltanz). Last but not least, it
should not be forgotten, that the steady increase in knowledge especially on the area
of the Westen Himalayas, the Hindukush, Karakoram and the Salt Range region,
stimulates the history of worldwide geotectonic concepts till the present. The famous
textbooks, respectively palaeogeographic/geotectonic basic monographies by Suess,
Neumayr, Uhlig, Kossmath and Kober could not have been compiled without the
physically tough and strenous field work done by the international community in this
unique area.

2. Early Naturalists

In contrast to the biological sciences, as botany and zoology, geology developed
relatively late as an independent branch of natural sciences. The decisive impact
came from universal naturalists, as e.g. Leopold von Buch and Alexander von
Humboldt around the turn of the 18th to the 19th century. Not before the first
decades of the 19th century the earth ‘sciences were shaped into an independent
science, and soon systematic subdivisions as mineralogy, palaeontology, mining and
technological geology, etc. emerged.

Geological investigations on the Subcontinent were started by the British already
before 1820 and finally culminated in the establishment of the Geological Survey of
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India in Calcutta in 1851. The main background of the early surveys was to receive
an overview on economic interesting areas on a global - British Empire-wide - scale.
Soon it was recognized that the legendary fortune of the maharajahs was mostly
based on mineral wealth of their kingdoms. From this point of view it is understood,
that the colonial authorities showed a strong interest in the reports of travellers who
were especially skilled in natural sciences.

The monographs by Tieffenthaler and Baron Hugel concentrating on other topics
contain also geological informations. Though the main interest of Honigberger lies in
the application of various plants and herbs in pharmacology, he also deals
extensively with the mode of applications of various mineral substances. The goal of
his investigations was aimed at a better understanding of oriental medicine as
performed by the population and by the physicians in the bazaars of Lahore.

Joseph Tieffenthaler
Born April 27, 1710 in Bozen / Bolzano, Tyrol; died July 4, 1785 in Lucknow, India.

Jesuit missionary, since 1743 in India, rector of Agra College, author of the opus
,Historisch-geographische Beschreibung von Hindustan® (1785-1788, 3-volumes).
For generations this manual was the authentic text on the Subcontinent and
Tieffenthaler was considered ,the father of modern Indian geography*.

The earliest scattered notes on the geology of Pakistan - written by an Austrian - are
included in his above mentioned opus magnum. His original manuscript was written
in Latin, entitled ,Descriptio Indiae“. Johann Bernoulli from the Royal Academy of
Sciences in Berlin recognized the value of this text and arranged a translation into
German. He carefully reviewed and finally edited this manual in 3 volumes. The
editorial of Bernoulli was so careful, that he changed the phonetic transcription of
many topographical names from ,incorrect provincial Tyrolian spelling® into High
German. Even the original spelling of the surname Tieffentaller was ,improved”.

Possibly because of Tieffenthaler's vivid description everybody in German speaking
countries still considers Kashmir being ,paradise on earth“. He reports on the view of
the Brahmans, that the alluvial plains of Kashmir, embedded between spectacular
beautiful high mountains, represent sediments of a former vast lake, which was
consequently drained due to tectonic activities. He also quotes the opinion of the
learned Bernier, who travelled in Kashmir during Aorangsebs period, that - as a
consequence of frequent earthquakes - a large gullet opened, which swallowed this
lake. Also mining of onyx in the Kashmir mountains is mentioned. And among other
wonders of nature he reports about the spring called Barari Sindh, three days distant
from Kashmir (= Srinagar), which during 14 days in May boils three times per day.

The salt mines are listed, e.g. Miani 70 miles west of Lahore being the most
important one and also the sites of salt trade.

And, last but not least, based on old travel reports and narrations of the natives,
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Tieffenthaler provides a concise description of the Himalayas, including Tibet s.str.
and ,western Tibet", i.e. the environments and surroundings of Kashmir.

Baron Karl Alexander Anselm von Hiigel

Born April 25, 1795 in Regensburg/Bavaria; died June 2, 1870 in Brussels. (Text-
Fig.1)

Wealthy Austrian officer and diplomat. Since 1824 independent scholar engaged with
intensive studies of natural sciences and preparation for exploring expeditions. The
most important expedition started on October 13, 1835 from Simla to Kashmir. He
crossed the Pir-Panjal to Srinagar, visited the Kashmir basin, Lake Wular, Banderpur
pass and left Kashmir end of 1835 via the Baramulla pass with tremendous rich
(mostly botanical) collections. His major and richly illustrated work is entitled
,Kashmir und das Reich der Siek" in four volumes (1840-1848), a shortened version
was published in English language.

Already in his paper published in 1836 Baron Higel is full of admiration: .Nature has
done much for Kashmir, art more; the whole valley is like a nobleman’'s park ...".
About decoration stone: ,Koran Pandan, near Islamabad, Anatnagh of old, is not
only the largest ruin of Kashmir, but one of the splendid ruins of the world: - noble
proportions; - material black marble®. And: ,The only trace of fossil remains in the
valley is in a limestone, which contains small shells. Finally: ,The burning gases at
Jwalamuki are of a very extraordinary nature, nothing of sulphur or naphtha in them.
They have a most delicious smell, something like a French perfume with ambergris*”.

Concerning the minerals of Kashmir Hiigel (1840-1848) mentions iron, lead, copper,
limestone and graphite (on the Pir-Panjal). Also sulphurous springs are recorded,
however, rock-sulphur is unknown. And - like Tieffenthaler - also von Hugel records
the frequency of earthquakes and discusses the genesis of the flat plains of the
Kashmir valley.

It should be also mentioned, that Volume IV, Part 2 of this fine illustrated
monography, comprises articles on various subjects, such as astrology of the Hindus
(by v. Hugel), on Bactric coins (v. Arneth), fishes (Heckel), insects (Kollar &
Redtenbacher) and mammals (Wagner), however, geology unfortunately is missing.

Finally Baron Hiigel (1851, 1852) presented the results of his research on the area
between Cabul and the Nanga Parbat, including the Hindukush (Lapis Lazuli-mines)
and Chitral / Gilgit / Hunza to the Imperial Academy in Vienna. He also deals with the
rock formations of the Salt Range and mentiones the earthquakes in the western
Panjab. Concerning the Salt Range he describes the variegated rock formations,
comprising red, yellow and green beds, which consist in part of sandstone. The
caprock shows (lateritic) red ferrugineous earths, partly endurated to hard stone due
to silicification. Plate 1 of Hugel's 1851 paper shows a fine lithographic map of
eastern Afghanistan reaching in the east to Hunza respectively Lahore.
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Johann Martin Honigberger

Born March 10, 1795 in Kronstadt, Transilvania; died December 18, 1869 in
Kronstadt. (Text-Fig. 2)

Pharmaceutist, served as physician at the court of Ranjeet Singh in Lahore. His in
part queer, but very interesting and entertaining book entitled ,Fruits of the Orient ..."
deals extensively with medical experiences. His restless experiments represent
somehow a fascinating combination of quackery and serious empiric research. Part
of this book can serve as a basis for a pharmacological lexicon ‘and is entitled
.Materia medica“. From the geological point of view very interesting informations on
the occurence and usage of various minerals and rocks in popular medicine are
reported. He gives an account on a large variety of locally mined and also on
imported officinal mineral substances available in the bazaars and chemist's shops
of Lahore. For instance about Asphaltum penjabinum, which is used against blow
injuries (probably similar as Ichthyol in Tyrol/Austria). Lapis lazuli is used by the
hakims against leprosy, however, the ground mineral - called ultramarine - is used
exclusively as a pigment for painting. He also deals with the healing power of sulphur
springs in the Panjab. Fine ground gypsum ,Setseladyit* is sold by the sadhus in
Lahore for treating blear-eyes and colics. ,Sahansebed"” is the name for ferric oxydic
alumina, which - consumed in small pieces - is considered to cure dysentery, a.o.
diseases. And ,Seng e Basri“ is sold by the druggists in Lahore as remedy against
epidemic cholera. The chemical analysis in the laboratories of the Theresianum in
Vienna showed for the latter a similar composition as diorite, namely magnesia,
alumina, silica and ferric oxyde and therefore represents probably a grinding product
of the former.

3. The Geological Survey of India and the Relations to Austria

The British - as the leading world and industrial power - started geological basic
research on a professional level on the Subcontinent already before 1820. Around
the middle of the 19th century the first Geological Surveys of the world have been
established. The Geological Survey of India belongs to the most traditional
institutions in the world and was established in 1851 in Calcutta. The main aim was
to obtain as much information as possible on the mineral wealth of the Subcontinent
with the goal to establish the infrastructure for economic exploitation and industrial
development. During the first years prospecting for coal was the first aim. As a result
railways were introduced as early as 1853! Subsequently a systematic geological
survey of British India - with special examination of areas of immediate interest - was
commenced. The determining factors in selecting areas for investigation were the
likelihood of discovering mineral deposits. Field work was, however, strongly
hampered by several factors, such as time consuming accessibility from the
headquarters at Calcutta, the lack of suitable topographical maps, insufficient state of
telecommunication (telegraph) in remote areas and last but not least by immense
health hazards (malaria, a.o. diseases). concerning means of transport Auden et al.
(1951) state: ,, .... the Geological Survey built up its own herd of elephants, officers
setting out from Calcutta by road with their baggage on elephants and themselves
mounted either on elephants or on horses. In fact tradition has it that some of these
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elephants were trained to pick up pieces of rock and hand them up to the master for
his inspection.*

The almost 150 years long history of Geological Survey of India is a story of success!
The Geological Survey of Pakistan in Quetta continues this great tradition.

The contribution of ,Austrian” professional geoscientists to the geological research in
Pakistan started as early as 1862, when Ferdinand Stoliczka, member of the
Austrian Geological Survey was recruited as palaeontologist by Thomas Oldham,
Superintendent of the Geological Survey of India. In the sequel several prominent
members of the Austrian Geological Survey joined the Geological Survey of India
(Waagen, Griesbach, Feistmantel). All of them contributed enormously to the
geological knowledge of the Subcontinent. The temporary assignment of Carl Diener,
a prominent member of the University of Vienna, was invaluable for the Mesozoic
stratigraphy of the Himalayas.

In the following paragraphs the most outstanding persons should be briefly dealt.
Open-minded scientists as Thomas Oldham and his distinguished colleagues in
Calcutta or his likeminded counterparts in Vienna (Wilhelm von Haidinger, Franz von
Hauer, Eduard Suess, a.0.) prepared the ground for an exceptionally successful
cooperation between British and Austrian geo-scientists on the Subcontinent.

Ferdinand Stoliczka - Founder of Systematic Geology of the Western
Himalaya/Kashmir

Born July 7, 1838 at Hochwalt (Bilany near Kremsier/Kromeriz) in Moravia (at this
time part of the Austrian-Hungarian Monarchy), died June 19, 1874 at Murghi in
Ladakh. (Text-Fig. 3)

Without doubt Ferdinand Stoliczka (Text-Fig. 1) ranks among the greatest explorers
of the Himalaya region. After his geology studies in Vienna and Tubingen he joined
the Austrian Geological Survey. Eduard Suess personally recommended Stoliczka to
Thomas Oldham (first Superintendent of Geological Survey of India), who was
looking for an experienced and ambitious palaeontologist during a visit to Vienna.
From 1862 till his early death in 1874 Stoliczka served as palaeontologist and
explorer in the Geological Survey of India.

According to his colleague and early biographer Ball (1886), Stoliczka must have
been a very active person with a touch of genius. This high esteem is confirmed also
by the tremendous list of his publications, as compiled in a more recent biography
(Kolmas 1982).

Immediately after his arrival in Calcutta Stoliczka started to work on his
palaeontological opus magnum, the Cretaceous Fauna of Southern India, which
when completed in 1873, comprised 1454 pages and 176 lithographic plates.

In 1864 Stoliczka made his first expedition to the Western Himalayas, together with
his colleague Frederick Richard Mallet from the Geological Survey of India. Stoliczka
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avoided detailed studies, but made traverses over enormous distances. This made
him recognize the essential stratigraphic and tectonic features of a region and gave
him a general understanding. As a consequence of this method, which was also
used by certain Alpine geologists, he was soon able to term the most important
formations in the Pir Panjal Range and surroundings and to assess the basic
stratigraphy and tectonics. He introduced the term Central Gneiss for what he
regarded as the main axis of the North-West Himalaya. Stoliczka's (1866a) paper on
this expedition is considered as a splendid example of pioneering, comprising
coloured sections across the western Himalaya and several fossil plates.

During his second expedition in 1865 Stoliczka visited also Kashmir, however, his
main goal was situated more to the northwest of the first expedition. Among other
discoveries, he described the Nummulitic Beds of the Indus Valley in Ladakh and
Triassic fossils from Ladakh and from the upper Sindh Valley in Kashmir (Stoliczka
1866b).

The results of his third big expedition, called ,Second Yarkand Mission* in 1873/1874
were published by Ball (1886). The route of this expedition does not touch the
territory of Pakistan. On the return journey Stoliczka died at Murghi in Ladakh. His
grave in Leh is still a pilgrim place for naturalists and Himalaya researchers.

Regarding the palaeontology of Pakistan, his paper on Tertiary crabs from Cutch is
worth mentioning (Stoliczka 1871).

Wilhelm Waagen - Palaeontology of Cutch - Salt Range - Hazara

Born June 23, 1841 in Munich, died March 24, 1900 in Vienna. Educated in Bavaria,
joined the Austrian Geological Survey. (Text-Fig. 4)

For years Wilhelm Waagen was as palaeontology assistant a coworker of Stoliczka.
He joined the Geological Survey of India in 1870 and was appointed palaeontologist
in 1875. However, due to poor health he had to resign in the same year and later
became Professor of Palaeontology at the University of Vienna. Waagen can be
considered as pioneer on the palaeontology and stratigraphy of Cutch, as first
authority on the Salt Range (together with his fellow Wynne) and also on the Hazara
Hills in the western Himalayas.

His first richly illustrated mcenography on the Subcontinent deals with the Jurassic
Cephalopoda of Kutch (= Cutch, Waagen 1873-1875). And between 1879 and 1895
Waagen published his opus magnum ,Salt Range Fossils“ comprising approximately
1000 text pages and 128 plates with fossils. His son Lukas Waagen (1900), Edmund
von Mojsisovics (1872) and Karl Redlich (1899) contributed also very important
supplements to the ,Salt Range Fossils“. With its magnificent sections unobscured
by tropical vegetation, its succession of richly fossiliferous formations starting in the
Cambrian, the Salt Range represents a world-famous attraction for geologists. Up to
the present the Salt Range sections attract researchers from many different points of
view (e.g. Schénlaub 1996).
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Another early paper by Waagen & Wynne 1872 documents the Mesozoic sequence
of Mount Sirban in Hazara south of Abbottabad. The comparison with Alpine
sequences in Austria and Spiti sequence, as documented by Stoliczka, clearly
demonstrates the close resemblance of the western Himalayas with the Austrian
Alps.

Waagen (1879) deals again with the stratigraphic age of the Attock Slates in Hazara,
which - based on scarce fossil findings in other regions - are considered as
belonging very likely to the Carboniferous period. In this paper also the stratigraphic
riddle of the Tanol Series in the northern part of Hazara is disputed. Based on
lithological comparison with strata of the Central Himalayas Waagen considers the
Tanol Series as Silurian, which in Hazara are overthrown and faulted against the
Attock Slates. The age of the Tanol was in discussion up to the last decades (e.g.
Fuchs 1975), and is now assigned to Precambrian.

The contribution by Waagen (e.g. 1887) to questions of the late Palaeozoic
glaciation of the Subcontinent also has to be mentioned. He was severely attacked
by Feistmantel, who contested Waagen's views.

Ottokar Feistmantel - Palaeobotany and Gondwana
Born November 21, 1848 in Althutten, Bohemia, died February 10, 1891 in Prague.

The Bohemian palaeobotanist Ottokar Feistmantel joined the Geological Survey of
India in 1875. The topic of his work was to describe the rich palaeofloras of the
Subcontinent, which were collected mainly in coal deposits of Palaeozoic to Tertiary
age. His first monographic paper deals with the Jurassic (Oolithic) flora of Kach (=
Cutch, Feistmantel 1876). Feistmantel's main merit was the description and
especially the palaeogeographic evaluation of late Palaeozoic floras of the
Subcontinent (,Gondwana“-Flora) and the comparison with age-equivalent
palaeofloras in Australia, Madagascar, Africa and South America, which led to the
conception of Gondwanaland (Eduard Suess 1885). The results of his palaeofloristic
studies are presented in four volumes of Palaeontologica Indica (1876-1886),
comprising almost 200 lithographic plates with plant fossils, and in numerous other
publications. Also his paper on fragments of a palm leaf from the Miocene near
Chakoti in the Jhelam Valley (Feistmantel 1882) is worth mentioning.

Carl Ludolf Griesbach - Superintendent of the Geological Survey of India
Born December 11, 1847 in Vienna, died April 13, 1907 in Graz. (Text-Fig. 5)

In the time span between 1878 - when Griesbach joined the Geological Survey of
India - and 1894 - when he became the fourth Superintendent (after Oldham,
Medlicott and King) - he did extraordinary hard and successful field work in the
Central Himalayas, in Afghanistan, Turkestan, Khorassan and in Pakistan
(Baluchistan and Hindu Kush). Moreover, Griesbach served in the British army and
joined several military expeditions as highly decorated officer and geologist. For

230



years geological field programmes in the areas along the Afghan boundary - as in
the North-West Frontier Province and in Baluchistan - were not possible owing to
disturbed political conditions. Griesbach was a superb draughtsman and illustrated
all his papers with excellent lithographs by himself. This versatility enabled him to
carry out geological field work, profile drawing and sketching even during several
military expeditions.

In 1880 Griesbach concluded, that Zanskar and the Pir Panjal in Kashmir are
offshoots of the Himalaya proper and that the gneissic rocks of Kailas extend to
Dardistan, Chilas and Mustagh.

Several of his papers deal with the geology of Baluchistan. In 1881 his basic paper
on the surroundings of the Bolan pass, comprising a geological map 1:500.000
appeared. During his work with the Afghan Boundary Commission, he worked also in
the area around Quetta (Griesbach 1885). In the famous paper by Griesbach
(1893a) the impact of the catastrophic earthquake in Baluchistan on 20th December
1892 was recorded and documented with photographs. Already Oldham has
installed an earthquake monitoring programme. As a consequence, the Subcontinent
shows the longest tradition of seismographic records in the World. Another key-
paper deals with the area between Chappar Rift and Harnai in Baluchistan,
comprising a geological map 1:125.000 (Griesbach 1893b).

In the course of the publication of his ,Field-notes” in the Records of the Geological
Survey of India, Griesbach (1887a) also investigated the Hindu Kush and Kafiristan
towards the south to Peshawar. Also these investigations were carried out during his
acitivity with the Afghan Boundary Commission and are summarized in his paper in
1887b. The attached coloured geological map shows the surroundings of Quetta
towards the Indus river and northwards to the area of Dera Ismail Khan.

Griesbach’s (1891) paper on the Geology of the Central Himalaya is considered as
his most important scientific work, which received international interest and his fossil
collections - after preliminary inspection in Austria - stimulated the great Indian-
Austrian Himalaya Expedition in 1892 (see Diener).

From 1894 till 1903 Griesbach was Superintendent of the Geological Survey of India.
During his directorship the exploration for mineral raw materials, as coal, oil and
other economic minerals was intensified. Special posts for specialist in coal mining
and in gold mining were introduced, and in 1902 the mining branch of the Survey
was transferred to the newly created department of the ,Bureau of Mines Inspection®,
later on named ,Department of Mines"“. Griesbach also started to increase the water
supply in various provinces by means of artesian borings. His proposal to shift the
headquarters of the Survey to a hill station unfortunately was not accepted by the
Government (Auden et al. 1951).

Carl Diener - Triassic Ammonite Stratigraphy of the Himalayas

Born December 11, 1862 in Vienna; died January 6, 1928 in Vienna. (Text-Fig. 6)
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In the second half of the 19th century, Vienna without doubt can be considered as
the centre of Mesozoic Tethyan palaeontology and biostratigraphy. This was
certainly the reason, why William King, Superintendent of the Geological Survey of
India, asked the famous Professor Eduard Suess for assistance in determination and
stratigraphic evaluation of the rich Himalayan fossil collections, collected by
Griesbach and other members of the Geological Survey of India. The fossils were
shipped to Vienna and after a preliminary inspection by Diener and other
palaeontologists, the material was found to be of outstanding interest for further

intensive studies. On Suess’s suggestion, the Austrian Imperial Academy of
Sciences proposed to the Indian government a joint expedition to the most promising
sites of Triassic ammonites, which are situated in Kashmir, as well as in the Indian
part of the Himalayas. -Finally in 1892 an extraordinary successful expedition to the
Western Himalays took place with Griesbach and Middlemiss as members of the
Geological Survey of India and Diener as delegate of the Austrian Imperial Academy
of Sciences. The outstanding results of this expedition were laid down by Diener and
other palaeontologists in a number of excellent papers, mostly in Palaeontologica
India. Up to the present these monographies represent the standard papers for
Triassic Himalayan stratigraphy (e.g. Diener 1899a, b; 1912, 1913, 1915). Alexander
Bittner (1899) dealt with the brachiopoda and lamellibranchiata and Edmund von
Mojsisovics (1896) with part of the ammonites.

Another important paper by Diener (1906) describes Upper Triassic ammonites from
Baluchistan, which were collected by Vredenburg.

Based mostly on the studies in the Alps and in the Himalayas, Mojsisovics, Waagen
& Diener (1895) and Diener (1915b) were in the position to attempt a global
palaeogeographic synthesis on the distribution of the marine Triassic. Their
conclusions, with some modifications, are valid up to the present.

Moreover, it should be reminded, that the basal Triassic stages were called by the
international scientific community after their great protagonists ,Griesbachian* and
,Dienerian®, in order to honour their outstanding contribution towards Mesozoic
Himalayan geology.

4. Post World War Il activities

Geological investigations in Pakistan during the last 50 years are characterized by
basic research in connection with mountain climbing and geoscientific oriented
expeditions in the northern provinces, and by applied research by consulting offices
respectively exploration companies (e.g. AUSTROMINERAL, OMV). The most
important results of research are documented in numerous publications and several
geological maps e.g. by Gattinger, Fuchs, Gamerith and Buchroithner.
Stratigraphical and palaeontological research on material from Pakistan was
performed by colleagues from various Austrian institutions, e.g. by Fligel, Schouppé,
Kahler, Mostler and Vogeltanz. Last but not least, post-graduate geoscientists from
Pakistan have been trained from 1964-1970 in Austria.
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Gasherbrum |l - First Ascent

(Text-Fig. 7)

Traugott Erich Gattinger was geologist of the ,Austrian Himalaya-Karakoram-
Expedition 1956", led by Fritz Moravec. The goal of the expedition was the first
ascent to Gasherbrum Il (8035 m) and it was successful. According to Gattinger
(1961) the Karakoram must be considered as separate geological system,
intermediate between the Variscan Pamir System and the Alpine Himalaya System.
The above cited well illustrated publication gives a cross section and a geological
map of the Gasherbrum group in the central Karakoram between the Indus at Skardu

and the Shaksgam river. Gattinger distinguished several tectonic units and his paper
is still remembered in one breath with the pioneering studies on the Karakoram by
the famous Italian Desio, the German H.J. Schneider and with following Japanese
studies.

Field work in Chitral and Gilgit

Between 1965 and 1975 Herfried Gamerith and Manfred Buchroithner spent several
extensive visits to the region of the central and eastern Hindu Kush in Chitral and
extended their field campaigns also eastwards to Gilgit province. The results of their
field studies are documented in a set of papers and impressive geological maps (e.g.
Buchroithner 1980, Buchroithner & Gamerith 1978, 1986, Buchroithner & Scharbert
1979. Gamerith 1972, 1979, 1990, Gamerith & Kolmer 1973, 1975, Gratzl (Ed.)
1972, Senarclens de Grancy (Ed.) 1991). Though Buchroithner's work was
concentrated on the Warkhan, including the Pamir, he extended his field work also to
the Hindu Kush in Pakistan and especially produced geological maps by new
sophisticated methods. He evaluated Landsat MSS imageries, terrestrial-
photogrammetric colour photographs and aerial photographs for structural
interpretations and like Gamerith 1990 he was also able to show, that economic
valuable mineralizations and hot springs are often located at intersections of major
faults. He was also successful in distinguishing various lithological units by means of
a computer image analyzer programme.

Gamerith (in Gratzl [Ed.] 1972) compiled a geological review map on the area
between Tirich Mir and Kampire Dior (Chitral and Gilgit provinces). Gamerith 1979
published a privately edited coloured ,Geological Map of Gilgit / Chitral / Wakhan
1:250.000", which provides an excellent review on a touristic key area of Pakistan.
An updated edition of this excellent map on a more recent topography is highly
recommended for publication! Mapsheet Shoghor 1:25.000 comprises roughly the
area north of Chitral town and south of Arkari close to Tirich Mir (Gamerith 1990).
From the technical point of view the finest example of a coloured geological map was
prepared by Buchroithner (Buchroithner & Gamerith 1986), entitled ,Geological Map
of the Tirich Mir (Hindu Kush-Pakistan)* in the scale 1:50.000. The topographical
basis was provided by R. Kostka from Institute for Applied Geodesy and
Photogrammetry, Technical University of Graz. The evaluation of 200 m contour
lines is based on existing topographical maps, aerial photographs and Landsat
imageries. The map comprises the area from the Arkari Gol in the west, to the
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settlement Kiyar in the south and extends almost to Reshun on the Mastyj river in the
east. Tirich Mir is the center of the map. The explanatory notes provide an excellent
review on the complex geological setting, including the mineral resources potential of
this remote area.

Hazara, Western Himalayas

(Text-Fig. 8)

At present Gerhard Fuchs is the only - though already retired but still very active -
member of the Austrian Geological Survey, who continues the tradition of Himalayan
research. Part of his studies on the Western Himalaya were carried out in the
territory of Pakistan, in particular in Hazara and in the Swabi-Nowshera region west

of the Indus river. The results of these studies are summarized in a well-illustrated
paper (Fuchs 1975) and are part of the explanatory text of the ,Geological-Tectonic
Map of the Himalaya“ in the scale 1:2 millions (Fuchs 1982). Based on detailed field
studies, carried out in the course of the Austrian Geological Himalayan Expedition
1969, Fuchs studied several key sections in the above mentioned area. An attempt is
made to correlate the Palaeozoic and Mesozoic sequences of Swabi-Nowshera,
Hazara and Kashmir to the Indian Lesser Himalaya.

In Hazara Fuchs distinguishes two subsidiary units, namely the Islamabad Zone with
Late Mesozoic to Eocene formations, and the Abbottabad Zone, which overrides the
Islamabad Zone on a steep thrust plane. The latter comprises the Hazara Slates, the
Tanakki-Sirban sequence, Hazira and Galdanian Formations, and a rich Jurassic to
Eocene development. Due to fossil findings in the Hazira Formation it was possible
to confirm an Early Cambrian age of this formation (Fuchs & Mostler 1972, Mostler
1990). The Hazara Slates are considered to be equivalents of the Simla Slates, the
Tanakki Tillite of the Blainis and the thick carbonate sequence of the Sirban
corresponds with the Shalis and Krol.

The detailed studies by Fuchs in Hazara would not have been possible without the
friendly assistance by Mir Abdul Latif, who had elaborated a detailed study on the
geology of southeastern Hazara during his patrticipation in the courses of the ,Post-
graduate Training Center for Geology" in Vienna (see chapter 5).

Further Basic Research

The University of Graz can be considered as a stronghold for the study of Palaeozoic
corals. In a fundamental paper by Franz Heritsch (1937a) the coral fauna of the
Productus Limestone of the Salt Range - which was originally described by Waagen
& Wentzel (1887) - has been revised and new taxa are described. Helmuth W. Fligel
still continues the tradition established by Heritsch. Permian Rugosa from the
Karakoram region (Flugel 1989, 1990, 1995; Flugel & Gaetani 1991), from Chitral
(Flugel 1994, Schouppé 1965) and from the Salt Range (Fligel 1970) were studied
and additional new taxa have been described.

Also Herfried Mostler at the University of Innsbruck dealt extensively with
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stratigraphic questions, e.g. with the age of the Hazira Formation in Hazara (Fuchs &
Mostler 1972, Mostler 1980), which he considers of Lower Cambrian age. Kozur &
Mostler 1976 described a new conodont taxon from the Mianwali Formation from
Nammal/Salt Range.

Rudolf Vogeltanz, palaeontologist at Natural History Museum in Salzburg, described
a rare finding of a problematic fossil from the Devonian of Owir An in Tirich Mir area,
Chitral (Vogeltanz 1969, Vogeltanz & Diemberger-Sironi 1968), collected by Kurt
Diemberger during the Austrian Hindukush Expedition in 1967 (Diemberger 1968).

Franz Kahler, well known specialist on late Palaeozoic fusulinids included also the
findings in Pakistan in his palaeogeographic studies (e.g. Kahler 1976, 1982).

In the frame of the stratigraphic correlation and the marine and non-marine sediment
distribution analysis of the ,Neogene of the Mediterranean Tethys and Paratethys"
(Steininger et al. [Eds.] 1986) also the Baluchistan Basin and the Lower and Upper
Indus Basins and Kashmir were included in the compilation. They are the
easternmost extension of this sedimentary realm.

The Austrian Karakoram-Expedition 1958 was dedicated to geomorphological
studies with special emphasis on the glaciation of the Haramosh, Gilgit, Rakaposhi
Range (e.g. Wiche 1958, 1962).

Mineral Exploration

(Text-Fig. 9)

In 1960/1970 AUSTROMINERAL Co. Ltd. carried out a mineral survey in Chitral. The
results are mostly documented in unpublished reports by D. Briegleb, A. Egger, H.
Gamerith, W. Paar, P. Steiner, and W.L. Werneck. Gamerith 1990, however,
summarized the results of exploration activities on the Awireth Gold Deposit and the
Krinj Antimony Mine in northwest Chitral. Both mineral deposits are situated on the
Geological Map Sheet Shogor 1:25.000, which represents also a result of this field
campaign. In addition, metallogenetic aspects of scheelite mineralizations west of
Tirich Mir and of molybdenite outcrops (e.g. at Shah Jinali Gol) are discussed. In
Awireth the gold occurs as late hydrothermal phase in both boulangerite and pyrite.
The Sb-Pb-Au-Ag-mineralization is controlled by the main fault between the
Cretaceous to Tertiary Shogor Limestone and Upper Palaeozoic Awireth Series.
Along this fault a strongly fractured ,contact dolomite* occurs, which represented the
preferred migration path for ascending hydrothermal solutions. However, for an
economic exploitation the reserves evidently are too small. The antimony
mineralization at Krinj extends over a distance of at least 2 kilometers between the
Luthkho and Bokhtul Valley along a narrow zone within the Cretaceaus to Tertiary
Chitral Slates, immediately below the contact to the-Shogor Limestone. With proven
reserves of close to 3000 t of ore averaging 15-20 % Sb, the Krinj mineralization can
be classified as a medium-size antimony deposit.

Gamerith & Kolmer 1975 also investigated limestones and dolomites in the area
between Chitral and Gilgit (Buni Zom, Das Bar-valley) in respect to their trace
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element content. However, no indications for any economic mineralizations have
been detected.

Hydrocarbon Exploration

In 1993 OMV Pakistan Exploration Co. Ltd. in cooperation with Hardy Oil & Gas
(UK), Pakistan Petroleum Ltd. and Oil & Gas Development Corporation Pakistan
drilled Miano-1 borehole in Sindh desert for hydrocarbons. At a depth of 3890 m
massive indications for gas occurred in a sandstone horizon. Borehole tests showed
excellent gas flux with gas rates up to 1 million m*® per day (Hamilton 1993). Up to
present OMV Pakistan is active in the exploration for hydrocarbons, also in other
parts of Pakistan.

Based on data achieved during hydrocarbon exploration Wolfgang Frisch et al. (in
Jadoon et al. 1997) discuss a new model of the tectonic evolution of North Potwar
deformed zone in the Himalayan foreland. The authors arrive at the conclusion, that
the timing of Siwalik sedimentation and thrusting indicate sedimentation partly
simultaneous to thrusting. The possibility of piggyback thrusting is considered.
Recent discoveries of oil have established hydrocarbon potential of this tectonic zone
(The Khaur anticline in North Potwar was drilled in 1914 and proved to be the first
commercial oil discovery on the Subcontinent).

Hot Springs

In his papers on hot springs in the eastern Wakhan Buchroithner (1978b, 1981) also
refers to the thermal spa of Garam Chesma in Luthko Valley in Chitral, which serves
as remedy for skin diseases. A close genetic connection of the hot springs with
tectonic lineaments respectively intersections of tectonic lines is evident. Moreover,
the hot springs are all situated more or less at the boundaries of plutons
(Buchroithner & Gamerith 1978). Buchroithner 1981 states; , The thermal springs are
the results of deeply circulating, locally derived meteoric water that has percolated
through the fractured granitic plutons and the surrounding wall rocks to the depth of
some thousand meters, became heated due to the geothermal gradient and found
access to the surface along fractured and faulted zones. On its way upwards,
however, it mixed with cold water from shallower ground water levels ... It results in
springs which may have temperatures ranging from very low to almost boiling ...
Besides, earthquakes might influence the flow rate.“ These hot springs - besides
being locally used as spas - may have potential for limited power generation as well
as for geothermal space heating and agricultural uses in the remote areas of
mountainous northern Pakistan.

Neotectonics
Adrian E. Scheidegger (1979) studied the neotectonics of the Western Himalaya

region of Jammu, Kashmir and Ladakh. He arrives at the conclusion, that the
orientation of joints and river valley trends shows a substantial correlation. ,The
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orientation of the neotectonic stress field deduced from joint-orientation
measurements is in good conformity with the ideas of plate tectonics‘. And:
.evidence from earthquakes... imply a regional N-S compression. This can be
interpreted in terms of a subduction zone present in this region”.

5. Post-graduate Training Center for Geology

Following a suggestion by UNESCO, Austrian authorities established a Post-
graduate Training Center for Geology in Vienna on the basis of a cooperation
between the Geological Survey of Austria with the University of Vienna. From
1964/65 until 1969/70 in six courses 86 post-graduate geoscientists from developing
countries received special training. The fellowships comprised an 8 months stay in
Austria and offered a large set of scientific programmes, as excursions, practical
studies. teaching and supervised academic work. The courses were financed by the
Austrian government, the travelling costs were granted by UNESCO and O.A.S.
Most participants used the opportunity to work out reports or publications on material
from their native countries on a high professional level. An overview on this
successful project is given by Kiipper 1970.

Out of the 86 participants seven scientists from Pakistan took part in the courses and
improved their knowledge in various branches of academic and applied geoscientific
work. Last, but not least, several of them developed long lasting connections and
friendship with their Austrian advisers and some even achieved an additional
academic degree in Austria. The Austrian geoscientists are proud, that the following
colleagues from Pakistan - some of them famous on an international scale - took part
in these training courses: S.M. Akthar (geology, petrology), N.H. Bokhari
(foraminifera), U.Z. Bilal Ul Hag (micro/nannofossils), S.A. lkram-Uddin (palynology),
M.A. Latif (geology, micropalaeontology), A. Riaz (micropalaeontology), A. Ullah
Khan (foraminifera).
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Text-Fig.1: Baron Karl Alexander Anselm von Higel (Archive of Austrian National
Library).
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Text-Fig.2: Johann Martin Honigberger (Archive of Austrian National Library).
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Text-Fig.3: Ferdinand Stoliczka and his field crew, accompanied by a German
painter, before the departure to his great Himalaya expedition, Simla
1865 (cf. Haidinger 1865). (Archive of Austrian Geological Survey).
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Text-Fig. 4: Wilhelm Waagen (Archive of Austrian National Library).
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Text-Fig. 5: Group-Photo showing Griesbach standing left with colleagues of
Austrian Geological Survey in the year 1868 (Archive of Geological
Survey of Austria).

Text-Fig. 6: Carl Diener (Archive of Geological Survey of Austria).
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Text-Fig. 7: Traugott Erich Gattinger (centre), R. Reinagl (left) and H. Roiss (right)
enjoying a bath in a natural thermal spring basin, northern shore of

river Braldu. Austrian Himalaya-Karakoram-Expedition 1956
(Foto Ratay).

Text-Fig. 8: Gerhard Fuchs in the Himalayas, 1995.
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