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Welcome ideas!

Each contribution to the Earth Sciences development represents a new ~brick to the common house”,
irrespective of its timing. The paper of Dr. Roman is such a new brick, not only to the Earth Sciences house
of Romania but to the whole Earth. It is a pleasure for us to have the possibility to publish this paper. In
order to recover the "old” ideas of our colleagues, which work now abroad (the ideas and the colleagues)
and are still valuable (the ideas) we decided to make efforts to collect them (the ideas) in Special Issues
of our journals. Whatever the reasons were the distal position in the past should now be replaced by a
proximal one iu relation to our former colleagues. Not only from a pure human point of view but also from
the point of view of assessing and enhancing communication with everybody working in the fields covered
by our institute should the printing of this book be acceptable.

In order not to alter the primary form of Roman’s thesis and the stacking sequences of his thinking the
text is here reproduced as such, only with small shortenings. In such a way our contribution to the breaking
down of "conspiracy of silence” seems to me to be decidedly greater and much more significant.

Let’s have a look at the "time tunnel”, particularly interesting froni the point of view of one of the most
revolutionary ideas of this century, i.e. the plate tectonics.

Prof. Dr. Gheorghe Udubasa
Director General of the Institute
Member of the Romanian Academy



A FOREWORD

Having been invited by the Geological Institute of Romania to contribute a Foreword to the publication
of the "Seismotectonics of the Carpathians and the Central Asia”, a dissertation submitted for the degree of
PhD (Cambridge 1973), it is my privilege, as Head of the Romanian Academy’s Geonomic Section, to state
that Dr Constantin Roman’s dissertation represented at that time a contribution to the development of the
geophysical approach of Plate Tectonics in general and of the Romanian territory tectonics in particular.

After his graduation as M. Eng. of the Institute of Petroleum, Gas and Geology in Bucharest (1966) -
wlere professors were well known Romanian geoscientists as Sabba Stefinescu, Liviu Constantinescu, lon
Dumitrescu, Iulian Gavat - Constantin Roman was a Scholar of Peterhouse, the oldest Cambridge College,
founded in 1284. which had amongst its members an array of distinguished scientists, amongst whom one
could recall Cavendish, Kelvin, Dewar, Babbage and this century several Nobel prize winners.

Dr Roman’s thesis comprises original work, carried out between 1969 and 1973 at the Department of
Geodesy and Geophysics at. Cambridge. During his first year at Cambridge, Mr. Roman’s project leader,
Dan McKenzie, entrusted his pupil with the sound principle of publishing as fast as possible in order "to
secure the paternity of his ideas and preserve the scientific edge over his fellow scientists”. This resulted
in the article: "Selsmicity in Romania - evidence for the sinking lithosphere™ (”Nature”, 223, 1176-1178).
After only one year as a research student, this was a brillhant start, which subsequently brought the project
supervision under Sir Edward Bullard, the father of Marine GGeophysics. Roman’s examiners were D.H.
Matthews (of sea-floor spreading fame) and Hal Thirloway, Head of the Seismic Laboratory of the UK
Athomic Energy Authority, Aldermaston and a world authority in monitoring Soviet Nuclear tests.

The first part of this thesis deals with the Seismicity of the Romanian territory. This is the first time
that a computer program of statistical mathematics was used on a cluster of Romanian earthquakes in order
to determine with greatest precision their location. The results revealed a new geometry of subcrustal foci,
hitherto impossible to define accurately.

However. what is truly remarkable was the further refining of these seismic results (foci mechanism, fault
plane solutions, travel-time residuals of P-waves) and the author’s attempt of their interpretation in terms
of Plate Tectonics. even if the geotectonic framework of lis model was disputable. Dr. Roman’s Plate
Tectonics research was contemporaneous with the first Plate tectonics model of the Romaunian Carpathians
based on geological arguments (Radulescu and Sandulescu Tectonophysics 16, 1973) and was quoted in
nnportant syntheses as ”Plate Tectonlcs™, Le Pichon et al., Elsevier. 1973, "The Making of the Earth”
ed. Richard Fiefield, Blackwell Publ., 1985, "Pannonian Basin”. ed. Royden et al., AAPG Memoir, 1987
etc, subsequently adopted world-wide, following the publication of his article "Buffer Plates, Rigid Plates,
Sub-Plates - a comment on paper 'Active Tectonics in the Mediterranean” ” (Geophys. J. Roy Astr. Soc..
33, 1973). Roman’s article on the Tibetan and Sinkiang Buffer Plates was printed only weeks before Peter
Molnar, of MIT, published his results.

The sccond part of this dissertation deals with the Hymalaian Seimicity. The relocation of the Central
Asian earthquakes, the analysis of the magnitude versus the spatial distribution of scismicity, the focal
mechamsm and fault-plane solutions of major seismic events, led to the definition of the Tibetan and the
Sinkiang buffer plates. This novel concept coined by Dr. C. Roman remains an important contribution to
the Asian tectonics: "Buffer plates-where continents collide” (new Scientist, 57, 830, 180-181, Londou, 1973,
reprinted in 1985). Other hyperseismic zones of the Eurasian continental crust were thus redefined, such as
the Anatolian buffer and the Persian Buffer Plates, respectively, and this is now history.

The dissertation preserves a real interest for the Romanian School of Geoplysics, which was provided
with a foundation on which subsequent generation of rescarchers built some of their models. In this context
Dr. Roman’s contribution was recognised by the Senate of the University of Bucharest, which elected him an
Houorary Professor and his International expertise in the field of Energy and Natural Resources was called
upon being nominated a Personal Adviser of the President of Romauia.

Taking into account the above noted considerations, I welcome the initiative of the Director of the
Geological Institute of Romania, Professor Gheorghe Udubasa, corresponding member of the Romanian
Academy and the cditing work of the Scientific Secretary of the Institute, Dr. Serban Veliciu, to publish Dr.
Roman’s Ph.D. thesis in recognition of his contribution to the advancement of Earth Sciences.

Acad. prof. dr. Mircea Sandulescu
Head of the Romanian Academy’s Geonomic Section



EDITOR’'S NOTE

Constantin Roman was Incky enough to be doing his research in Cambridge at a time when he "was led,
at the right moment to follow a path trodden by very few and where each wayfarer was conspicuous. It is
now a crowded path on which individuals cannot fail to jostle each other”.

He worked on the Tibetan and Himalayan earthquakes under Sir Edward Bullard (himself remembered
for his first ever mathematical reconstruction of the Atlantic, known as the "Bullard’s Fit”). As a pupil
of Bullard, Roman’s name falls within a direct line of distinguished scientists of the Cambridge School of
Physics, through Thompson, Rutherford and Cavendish, all the way to Sir Isaac Newton. As part of this
tradition, Roman'’s research was going to alter the concept of Global Tectonics.

Constantin Roman’s research led to a new tectonic solution of the occurrence of seismicity within the Con-
tinental Crust of Eurasia: this was fundamental in the development of Plate Tectonics theory at Cambridge
and is unique in several ways.

First and foremost there is its scientific interest in the recognition of the existence of a new type of
lithospheric plate - the "non-rigid plate” or "buffer plate”, published in scientific journals. Several newly-
defined "buffer plates”™ were carved out of large tracts of Continental Crust of Eurasia, in particular the
areas behind the Himalayas - Tibet and Sinkiang, the outcome of which was going to have a huge impact
on the theory of Plate Tectonics. Furthermore, the unexpected discovery of a then yet unknown piece of
oceanic lithosphere sinking vertically under the Continental Crust of the Carpathians the results of which
were published in "Nature " represented a contribution to the huge jig-saw puzzle of the reconstruction of
Tethys. A few months later Dan R&adulescu and Mircea Sandulescu firstly reviewed the evolution of the
Carpathians area as a collection of effects of the plate tectonics.

During the late sixties and early seventies, these new Global Tectonic concepts were going to revolutionise
the understanding of our Planet Earth aud in particular the effect of the collision of Africa, Arabia and India
on Eurasia.

The number of researchers whom it did inspire is amazing - the first articles published in "Nature”, the
" Geophysical Journal” and the ”New Scientist™ remain among the classics of the specialist literature : these
were the early, but heavy days when Vine and Matthews evolved the concept of "sea floor spreading™ and
the Canadian Tuzo Wilson, then a visiting Professor at Cambridge, devised the dynamics of "transform
faults”: 1t caused a frenzy of research which has since transformed GGeology in a manner which has not been
done before, or since.

[t is nevertheless true that Constantin Roman’s thinking, whilst it flourished in the stimulating Cam-
bridge environment which represents the pinnacle of British Academia, would not have been possible without
the broad culture which he received from the Romanian School of Geology and Geophysics, where he was
nurtured, at the University of Bucharest, in the early 1960’s. It is here that he obtained his MA in Geo-
physics with a first ever dissertation on "Palacomagnetism of Complex Copper Ore Deposits of Dobrogea”.
This was an early hint that we got about Roman’s future career, which was defined by his research Tutor
Professor Livin Constantinescu as having made "a significant. contribution, showing both understanding and
perseverance 1n solving a research problem™.

Much more encouraging in discerning the potential talent in Roman’s future input was the assessment
of his dissertation exaniiner and erstwhile professor in Bucharest, the late Acad. Sabba S. Stefinescu, who
wrote: ]

"he managed to work out a very interesting and original diploma paper at the end of his fifth vear
of study...” "The paper was written so passionately and explained so beautifully that Mr. Roman was
congratulated by his examiners™.

It is perhaps ironic to consider the twists and turns of Constantin Roman’s career, where he was led to
excel in domains in which, at the beginning, he was not at all, to put it mildly, "at the head of the pack”. He
confided in me that, when he was 16. he "was not brilliant at Geology and Physics”. only to end up reading
Geophysics for his MA. Likewise, as his contemporaries at the Institute of Oil, Gas and Geology know it
too well, Constantin’s Roman's "forte” were niost decidedly neither Tectonics nor, indeed, Seismology! Yet
in spite of these inauspicious beginnings, at Cambridge, the topic in which he made his mark was ”Seismo-
tectonics”. This success is undoubtedly qualified by the two traits of his character already mentioned by his
professors, namely ”perseverance” and “enthusiasm™. To all these I should add a third one. which is crucial
in our profession, that is "imagination” which he used in interpreting his research data and coming with
unique solutions, often against all odds.



The result of his work at Cambridge has exceeded the expectations - as he described to me so vividly, on
one of his visits to Romania, that “the birth of a new idea was drama of the highest order, as the tension
mounted and mounted towards the final climax”. This was the scientific "rat race” of the 1970’s involving
great scientists, such as D. H. Matthews, Fred Vine, Xavier Le Pichon, John Dewey, Peter Molnar, Dan
MacKenzie, and many others, with their very human faults and foibles, their petty rivalries and driving
ambition. Above all those who heard Constantin Roman’s stories of his debut in Plate Tecfonics at Cam-
bridge they followed an extraordinary excitement of his desperate efforts to beat a group of researchers from
the Massachusetts Institute of Technology to the solution to one of the great enigmas of Ilarth Sciences -
the seismicity of Central Asia. Cocooned n liis Cambridge microcosm and obsessed by his research, Ro-
man was oblivious of Peter Molnar's trans-Atlantic team from MIT working for years on the same Tibetan
earthquakes and accumulating a mass of information, which was about to be published.

This sudden realisation came as a shock, as the very object of his hard-won evidence, which make the
core of his doctorate was put in jeopardy should the American colleagues publish first their results.

This unique instance in Constantin Roman’s struggles, and doubts and final triumphs is a poignant,
example of a dilemma which inevitably confronts the scientist. He is not sure whether the crucial new idea
will be easily accepted by his profession, known more for its conservatism, than for its iconoclasm. Therefore
he finds it prudent to field these new ideas and test them against new audiences in a series of lectures
delivered as a guest speaker of British and Continental universities: Imperial College, Oxford, Cambridge,
Norwich, Newcastle, then crossing the English Channel to Liege and Frankfurt (see enclosed list of invited
lectures). .

There is a somewhat vague code, amongst the scientists, which recognises a claim in a line of research
staked out by a colleague - up to a certain point and this very code had been broken, during Roman’s
time at Cambridge. But when competition comes from more than one quarter there is no holding back
and one has to go out and defend one’s work, the paternity of which has to be preserved at all costs. This
unwritten drama is contained within the pages of the dissertation which we print today which captures with
extraordinary ethos the vivid feel of how creative science really happens: Roman’s PhD Dissertation is not
a history, but an important contribution to the history of Science which some day will be written. Indeed
most of its tenets are still valid today, a living proof of how a solid ground is really laid out, for younger
geilerations to build on.

Finally there 1s the human interest in publishing 25 vears on this Dissertation: those of us who ask
ourselves "why this publication first written in 1973 should come about in 19987” must understand the
issues to be rather more complex but the motives on the whole more straight forward: in this particular
case we deal, at least on a scientific level, with a kind of "restitutio in integrum” of Constantin Roman’s
work. His contributions published in ”Nature” and other prestigious journals were sadly (and for historical
reasons) subjected to the ”conspiracy of silence” in his native country. This has been our loss, the result of
wanton censorship perpetrated by the past regime on the published works of our colleagues in the Diaspora.
It is not our intention here to produce an exhaustive inventory of hardships imposed on most Romanian
scientists prior to 1989, but this is evidence of our stubborn refusal in accepting them, which is one of the
main reasons why we celebrate today Roman’s contribution, as we reclaim our memory and welcome him to
the fold as one of our own, within our prestigious School of Romanian Geophysicists and Geologists, where
he rightfully belongs.

Dr. Serban Veliciu (Editor)
Scientific Secretary of the Geological Institute of Romania



CREATION

Marin Sorescu

I am writing on earthquake.

If some of my words

Slide too far on

It's the crust of the earth that's to blame
With its lack of stability.

You never know

When a volcano will gape in your desk
And after a day's work

You'll sign straight onto ashes.

Everything metamorphoses

Out of its place.

The lamp from the ceiling comes up to my chin

The mountain from the horizon got into my mouth -
A gag whose fragments

Will be spat out for a long time

By my descendants

To the seventh generation.

The leaves from the tops of the trees
Went into the ground
For fear of earthquakes.

Many of my forefathers
Went into the ground
For fear of earthquakes.

I 21lone still try to connect

Like railway tracks after derailment
These two lines

Which run one this way

One that way

Amok.

Translated from the Romanian
by
C. Roman and T. Cribdb
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1

PREFACE

This work consists of two parts: Part {1 deals with the
seismotectonics of the Carpathians and Part 2 with the
seismotectonics of Central Asia. There is no apparent
correlation between the two regions except the tools 6f
investigation and the claim that the Himalayas are part of
the same mountain system as the Carpathians. There are also
certain similerities between the seismicity of the Carpathians
and that of the Hindu~Kush in Central Asia.

The interest of the Carpathian seismicity lies in the
fact that the intermediate depth foci occur under continental
crust and that the Benioff zone is confined to a very small
subduction zone (60 ¥m horizontal front) and is contained within
a vertical parallelepiped. As for Central Asia, the main
interest lies in the presence of the world's widest area of
shallow seisnicity. This study tekes into account for each
of these areas the geological and geophysical factors
(chapters 1 and 5), describes the processing of the seismological
information (chapters 2 and 6) and presents physical end
geological models for the evolution of the crust (lithosphere)
in chapters 3 and 7. The conclusions for each part are
presented in chapters 4 and 8 respectively. A% the beginning
of each of the two parts, that is in chapters 1 and 5
respectively, there is a summary of the seismotectonics
of the Cafpathians and Central Asia.

The original contribution of Part 1 presents the

Carpathian Benioff zone as a vertical parallelepiped
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(Roman, 1970) and its subsequent seismotectonic interpretation
(Roman, 1971 and 1973c), answering such key questions as the
cause of the verticality of the Benioff zone, of its
confinement to the elbow of the Carpathian arc, as well

as the reason for the intermediate-depth seismicity under
continental crust (Roman, 1973b). The original contribution
of Part 2 is not so much the computation of a number of focal
mechanisms based on the WWSSH readings (Roman, 19734) as
their geotectonic interpretation, in particular the movement
of the crust, the geometry of the crustal faults, the
relationship between compressional and tensional axes,

and the major system of crustal faults which qualify for

the status of plate boundaries. Another contribution is
made by introducing a guantitative element, that of the
seismic magnitude, in addition to the freguency element
already used in defining the plate bopndaries; this was

made possible by devising the relatively simple technique

of mazgnitude screening in half-magnitude classes, This
technique led to the definition of a new type of lithospheric

plate, the buffer plate (Roman, 1973a). In the Black Sea

region, the study of the seismicity led to the definition of
yet another type of lithospheric plate, the sub-vlate
(Roman, 1973b).
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Except where specific acknowledgements are made,
or reference cited, the work described in this dissertation
is original. It is not substantially the same as any
that has been, or 1s being, submitted to any other
University and does not exceed 80,000 words in length.
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A. infroduction

CHAPTER 1

Carpathians

Supmery

The revision of earthquake epicentres, focal depths
and origin times for 7O Carpathian earthquakes (1928-1965),
using Bolt's relocation program, reveais a vertical Benioff
zone in the form of a parallelepiped 60 km long, 30 km wide,
160 km deep and oriented NBSOE, tangent to the Carpathian arc
(Vrancea mountains). The area of shallow focus events is
adjacent to the intermediate focus area. Between the 30 km
and 60 km depth there is a region of low activity, while
between 60 km and 160 km depth there is a region responsible
for the present events. Beyond this depth seismicity ends
abruptly. '

The presence of large masses of andeside , high heat flow,
type of basement, crust structure, negative Bouguer anomalies
fit the model of a relict piece of lithosphere sinking at a
rinimum average rate of 1.6 cm/yr under the Carpathian arc
very well. This vertical slab is considered to be part of
the Black Sea Plate, the boundaries of which correspond
roughly to those of the Black Sea basin.

If Bolt's relocation method offers a good basis for
interpreting the seismic results in terms of Plate Tectonics
theory such is not the case with the P travel time residuals.
For the spatial distribution of residuals of all.stafions for

each individual earthquake does not show, as one would expect,
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8 negative residual anomaly in the azimuth of the slab (N35°E).
A parallel method of relocation has thus been tried
(Joint Epicentre Determination, JED) for 58 Carpathian earth-
quzkes from the previous T0. Here the average P travel time
residuals of all 58 events at each individual station within

a close epicentral distance show a zone of late arrivals

(up to +6 seconds) in Hungary, in the arez of high heat flow,

and early arrivals (-1 second) towards the Black Sea (Crimeaz).
A two-dimensional model of the evolution of plates is.

discussed for a periéd since the Alpine orogenesis and the

limitations of the theory as applied to the Carpathian

seismotectonics are considered.

1.1 Introduction to the seismotectonic framework

Since the early stages of development of seismology as
a modern branch of science, earthquakes in Romanias have
attracted the attention of such pioneers as Jeffreys,
Gutenberg and Richter. This interest stemmed from the
existence of a persistent nest of foci, under the continental
crust, of the Carpathian arc. Macroseismic observations in
Romania have been carried out in observatories since 1893,
though spurious information is found as far back as 1716 in
"Descriptio Moldaviae", written by Dimitrie Centemir, the then
ruling prince of Moldavia and a Fellow of the Berlin Academy.
The old chronicles of Moldavia and Wallachie mention quite a
few destructive earthquekes, said to be of bad omen for the
ruling prince, who thus ran the risk of being repleced by a

rival pretender to the throne. However, some of the earliest
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selismological evidence, 2500 years ago, comes from the
archaeological sites of ancient Greek and Roman cities of
Pontus Buxinus (Black Sea) which suffered from earthquakes.
The Roman poet Ovid (43 B.C. - 17 A.D.), exiled at Tomis
(Constanta), mentioned one of these earthquakes in "Pontica" -
would this have been the shock which destroyed the city of
Bisone (Cavarna) as suggested by Atanasiu (1961)?

In our study of seismicity we did not make use of
historical records. Even for a more recent period, from 1893
to 1928, we found there was not enough information to allow
reliable relocations of earthguakes. From the existing
Romenian literature on seismology we made use only of the
study of isoseismals from Atanesiu's work "Cutrenmurele de
pamint din Romania™ (1961). Some focal mechanisms have been
published by Constantinescu, Radu, Ritsema and others, but
unfortunately the quality of their input data is questionable
(see discussion in chapter 2.3). There was also no reliable
location of both shallow and intermediate focus events at the
Carpathian arc.

It was therefore found necessary to relocate all Carpathian
events from 1928 to 1965 using Bolt's and subseguently JED
methods (chapter 2.1). A comparative sfudy of these two
methods (Bolt and JED) was the object of some very useful
geophysical correlations between the P travel time residuals
and various anomalies (gravity, heat flow) in the Carpathian
area (chapter 2.2). Unfortunately, again the general
geophysical information covering Hungary, Romania, Russia

and the Black Sea basin is scarce. There is available only
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