"USTREDNIHO
USTAVU

ROCNIK X1LVI-1969-C. 1

| MR
L1 R R

LRt

E}l Academia, nakladatelstvi Ceskoslovenské akademie ved
ain b Gy




VESTNIK

USTREDNIHO USTAVU GEOLOGICKEHOD
Roénik XLIV — 189689 — €. 1
Védeck§ redaktor: doc. dr. Zden&k ROTH

Rzdakni rada: doc. dr. Jan H. BERNARD, dr. Anton BIELY, doc. dr. Ferry FEDIUK,
dr. Vladimir HAVLICEK, prom. geol. Lubomir KLEN, dr. Jan MASIN, doc. dr. Jan
PETRANEK, dr. Josef SOUKUP, dr.Josef SVOBODA, &len korespondent CSAV, dr. Zdendk

VEJNAR, ing. Jifi VTELENSKY, akademik Quido ZARUBA
Redaktorka &asopisu: Marie VEJLUPKOVA
Technickéd redaktorka; LibuSe KAISROVA

OBSAH

PouZziti mikropaleontologie v inZenyrské geologii (V. Schitznerovd-Havelkovd)

PUVODNI PRACE

j. Suran: Zlomové stavba v okoli Nového Mésta na Moravé

L. Cebkovd: Metakrysty kfemene a kalcitu v olovEno-zinkovych rudach na lozisku
Svafec u Stdpanova na Moravé

. Koverdynskly: Hlavni stratigrafické vysledky vrtu Siavkovz

V, Zemdnek: Die Unterscheidung der kristallinen Komplexe im nﬁrdhchen Te11
des bohmischen Moldanubikums mit Riicksicht auf die Interpretation der geo-
physikalischen Kartierungen

0. Kumpera—V. Skvor: Contribution to the iniormanon on the geﬂlogmal develop-
ment and structure of Cuba and the Caribbean region . w ¥

SDELENI O V¥ZKUMU

I. Vanék: Biostratigraphical investigation of the ,Phacopidella trapeziceps Hori-
zon" in the Silurian of the Barrandian . ., . ., . . . . . . .

KRITIKA — DISKUSE

K. Zebera: Gsological effects of comet and large meteorile impacts on terrestrial
and lunar surfaces

M. Kvabek: Sbornik Die Unter:chemung um:l Genese vanstischer und postvaristl-
scher magmatogener Lagerstdtten Mitteleuropas " - i

KRONIKA

K, Tdsler: Dr. Ladislav Cepek sedmdesatnikem

L. Jansa: 53. vyro&ni sjezd americké spoletnosti naftov?ch geologﬂ [AAPG] a 42.
sjezd mineralogické a paleontologické spolegnosti {SEPM) v USA .

V. Spidka: 11. pracovni konference .0 ohgocenu a miocénu Zapadnich Karpat
v- Brné& . 3

G, Halahyjova—-M SreMprok; Cmnost Cesl-:oslmrenske konuse pro rudnf mlkm‘

skopii . .
NOVINKY Z LITERATURY . . .

RECENZE

P, Ramdohr—H, Strunz: Klockmann’s Lehrbuch der Mineralogie (J. Koufimsky)

A. Dudek—M. Suk (vyd.): Krystalinikum 5. Contributions to the Geology and
Petrology of Crystalline Complexes (Z. MisaF/

Magyarorszag heévizkatjai [Hévizkutkataszter] — Vrty s termélni vodou v Mad‘ar-
sku (]. fetel) 5

Zur Fauna und Blostrangraph}e des Ordowzmms lGr&fenthaler Schlchten] in
Thiiringen (V. Hgvlidekj . . .

Endogennye rudnye formacii Sibiri i Dalnego Vostoka [P Orel]

I. Chlupdé—M, Krs: Palaomagnetlsmus und Palﬁokhmatologie des Devnns [[ obr-
hell] © = =9 s & Bu % % @y E 5 s

17
21
27

38

53

57
65

69
72
74

78

.79

25
37

38
51



| Aaawe! B L Leyral eV, sew?”
VESTNIK

USTREDNIHO USTAVU GEOLOGICKEHNDO

Ro&nik XLIV Leden 19869 Cisle1l

Pouziti mikropaleontologie v inZenyrské geologii

Rozvoj inZenyrské geologie a stoupajici ndroky na spolehlivost inZenyrsko-
geologického vyzkumu pfi FeSeni praktickych tkolii ve stavebnictvi si vynutily
pokrok pracovnich metod a hlub3i zkoumdni zejména v oboru usazenych hor-
nin. Sprdvna interpretace jednotlivych sedimenta&nich celkli a jejich sloZek
vyZaduje peélivé sedimentdrné petrografické a mineralogické vyzkumy, o které
by se opiraly zavéry genetické, paleogeograiické a stratigrafické. Moderni
mikropaleontologie pfispivd k témto otdzkadm zdvaZnymi daty.

Pri zakladani staveb se dostdvame do styku s velmi riznorody¥mi a riizné
uloZen¥mi sedimentdrnimi horninami, do nichZ se pfenaSeji napéti vyvozovana
stavebnim dilem. Odli$ny charakter mé inZenyrskogeologicky vyzkum ve zpev-
nénych sedimentech, ktery pouZivd pfi feSeni inZenyrskogeologickych dkoli
b&Znych metod technické sedimentdrni petrografie a mechaniky hornin, na
rozdil od specifického vyzkumu v nezpevnénych soudr’nych a nesoudrZngych
zemindch, jenZ se opird o litologicko-facidlni rozbory a mikrobiostratigrafické
studie v dzké spoluprdci s mechanikou zemin.

Zvlagtni pozornosti zasluhuji marinn{ pelitické sedimenty mezozoika a hlavng
terciéru, které poskytuji zdkladové phdy velmi proménlivych fyzikdln& mecha-
nickych vlastnosti. InZenyrskogeologicky vyzkum soudrZnych zemin musi byt
predeviim ticelové zaméfen na objasnéni jejich fyzikdlm& mechanickych vlast-
nosti z hlediska stavebnifho. Tomuto zaméFeni je tfeba pFizplsobit i metodiku
vyzkumu. Kromé& zdkladnich mineralogicko-petrografickych metod je ufelné po-
uZivat i studia mikropaleontologie spolu s mikrolitologii a mnohych specidl-
nich metod fyziky, mechaniky, fyzikalnf chemie i geochemie, které napomahaji
zjistovani fyzikalnich, mechanickych, fyzikdln& chemickych i chemickych viast-
nosti, a uréuji tak chovanl zeminy v souvislosti se stavebnim dilem. Peclivé
studium t&chto vlastnosti je povaZovano za jeden z rozhodujicich tisekii daliho
vyvoje inZenyrské geologie.

Technické vlastnosti soudrinych zemin Gzce souviseji pfedev3im s jejich
genezi, minerdlnim i chemickym sloZenim, texturou, strukturou a stratigrafic-
kym zafazenim, tj. stdfim. Tyto vlastnosti charakteriznji petrograficky typ
horniny, ktery je podmin&n okolnostmi vzniku a procesy vyvoje. PFi priizkumu
soudrZnych zemin je tfeba vEnovat pozornost hlavné komplexni sedimentérni
petrografické analyze minerdlniho sloZeni i obsahu horninotvornych organis-
mii, které ptispivaji k objasnéni spravné pf¥edstavy o piivodu a sta¥i hornin.
Sedimentologicko-mikropaleontologické rozbory umoZinuji zafazeni soudrZnych
zemin do zédkladnich petrografickych typili, které jsou zallendny podle bio-
stratigrafické prisludnosti do facialné genetickych komplexdl urfité geologické
formace.

Ureni petrografickych typlt soudrZnych zemin mé& velk¥ vyznam 1 z inZe-
nyrskogeologického hlediska. Je zdkladem pro inZenyrskogeologickou klasi-
fikaci hornin, kterd se opiréd o studium fyzikdln& mechanickych vlastnosti.
zkoumanych b&Znymi metodami mechaniky zemin. Plidné& mechanickymi roz-
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Contribution to the information on the geological
development and structure of Cuba
and the Caribbean region

{3 text-figs.} mm\m b\ Y"m_bf. m i

OTAKAR KUMPERAL—VLADIMIR SKVOR? v i
Y. & BT . &

Abstrakt. V prdci je poddn pirehled geologického vyvoje Kuby Mu, MuBiE - .»JD'F
a vysvétleny jeho vztahy ke karibskému prostoru. Celd oblast ma™ Laat

vfraznou blokovou stavbu. Rozhodujici vyznam pro tektonicks,

magmatické a sedimenta&ni pochody md soustava strukturnich Svi,

které provazeji rané stadium karibské geosynklinéaly. :

Introduction

The geological development of island chains is a problem that draws attention
not only because of interesting geological phenomena but also because of
information useful in the analysis of the development of older and more mature
geotectonic units of the earth’s crust. But modern geological mapping, based
on the uniform set of detailed geological and geophysical maps, is still lacking
in most of these areas. The same may also be said of Cuba, where the authors
made their studies, and the whole Caribbean region; papers as yet published
on the geological structure may be based solely upon partial areas and profiles.
The present paper gives an original concept of the geological structure and the
development of Cuba and the whole Antilles. The authors' idea was conceived
on the basis of so far published geological and geophysical reports and own
studies made in some parts of Cuba.

Survey of the geological development

Regionally metamorphosed rocks of the so-called basal complex (]. Butterlin
1956) are regarded as the oldest rocks of Cuba and the whole Antilles. They
crop out in three large areas: on the east of the Province Oriente, in the
Escambray Mountains and in the island Isla de Pinos. The rock complexes are
formed of phyllites, crystalline limestones, mica schists and scarce gneisses;
the initial rocks are frequently of pyroclastic origin. There is still no palaeonto-
logical evidence of this complex; most authors state that the original rocks
are Jurassic in age but some others suppose that they are Palaeozoic in age.

The complex is overlain unconformably by a palaeontologically evidenced
Upper Cretaceous.

Microstructure and macrostructure of the metamorphites are the features that
helped to discern for certain this complex from its unconformably overlying
beds. This fact proves that the metamorphites were subject to different geolo-
gical processes of different structural plan.

The studies made by one of the authors {V. 5.) in the eastern part of the -
Province Oriente and partly in the Sierra de Escambray indicate that these
rocks are metamorphosed in green schist and amphibolite facies. Recent
laboratory examinations have revealed that the amphibolite facies requires
a temperature not less than 450°C. This is the temperature which may be

1 Vysokd $kola bafiska, Ostrava, Chitussiho 9.
¢ Ustfedni dstav geologicky, Praha 1, Hradebni 8.
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expected during metamorphic processes at a depth of about 3,000 metres
(V. Skvor 1965).

The mica schists of the metamorphiz complex could approach the surface
only if overlying beds 3,000 metres thick had been removed. In Cuba, such a
removal must have taken place in times preceding, but not later than, the Upper
Cretaceous. Besides, if taken geologically, considerably long time is necessary
to remove a complex 3,000 metres thick. Another precondition must have been
satisfied for the origin of the mica schists: rock complexes had been laid down
in times preceding the metamorphic processes affecting these rocks at a
thickness exceeding at least 3 km. It should be noted that the metamorphic
process itself is not a short process either. With a view to the time elapsed
necessarily during all these processes, the authors assume that the original
racks of the basal complex formed in Palaeozoic times.

Palaeontologically evidenced is the remarkable and thick flysch complex San
Cayetano, which rises in the western part of the island. It is believed that the

_fauna and flora gained from it is Lower to Middle Jurassic in age. Ammonites
and tintinnids date more closely the Upper Jurassic, which is largely found in
a carbonate development. The sedimentation of Upper Jurassic is continuously
followed by the carbonate sedimentation of Neocomian age [N. M. Herrera
1961).

Apparently in Aptian and Albian times began an intense volcanic activity
[R. H. Palmer 1945, L. M. R. Rutten 1936], the result of which strongly affected
further development of the island. An extensive volcanic belt, which developed
in the central part of Cuba, is formed of thick accumulations largely of andesite
composition and their tuffs with intercalations of limestones and sandstones
{so-called tuffaceous series ranging in age from Aptian? to Turonian). In the
areas beyond volcanic activity limestones and transitional volcano-sedimentary
facies were laid down (G. Furrazola et al. 1964).

First orogenic movements took place at the end of the Turonian (R. W. Imlay
1944, J. Buterlin 1956). Upper Turonian and Senonian beds are therefore widely
differentiated in facies development, thus comprising even diastrophic facies,
and rest on older beds with apparent unconformity. The orogenic unrest of
Cretaceous age is associated with intense magmatic intrusive activities (L. M. R.
Rutten 1940, W. P. Woodring 1954, P. ]. Bermudez 1959 et al.). It is probable
that in the Upper Cretaceous, bodies of ultrabasic and basic intrusive rocks
forming discontinuous belts reached the surface along the northern coast of
the island. At the same time bodies of granodiorites and quartz diorites were
lifted in the area of volcanic accumulations, especially in central Cuba.

One of the most significant phenomena of the Paleogene history of Cuba is
the origin of an extensive volcanic belt in the area of the Sierra Maestra Moun-
tains, on the east of the island. It consists of the very thick volcanic and
volcano-sedimentary complex El Cobre, largely of Palaeocene and Lower Eocene
age [S. Taber 1931, P. ]J. Bermidez — R. Hofstetter 1959). In petrographical and
geological composition the belt is analogous to the volcanic belt of Cretaceous
age in central Cuba. Elsewhere is the lower part of the Paleogene clastic and
limestone in character (P. J. Bermiidez 1937, 1950, |. F. de Albear 1947). Clastic
sedimentation was sirongly rejuvenated especially in the central part of the
island in FEocene times, when a Paleogene tectonic unrest attained its maxi-
mum intensity during so-called Cuban folding. Eocene in age are also the
bodies of acid intrusive rocks, mostly quartz diorites, which penetrate info the
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Paleogene complex El Cobre in the Sierra Maestra Mountains [S. Taber 1934,
R. C. Mitchel 1953).

Higher up, in the Paleogene complex, the clastic sedimentation suddenly
ceased and the limestones sedimentation gradually prevailed {P. |. Bermidez
i950, P. ]. Bermidez — R. Hofstetter 1959). Contemporaneous fold deformations
were becoming less expressive, and so Oligocene sediments are slightly
undulated. These tendencies are also apparent in the lower part of the Miocene,
in which dominant rocks are the limestones forming folds having a very small
amplitude and a high radius of curvature (G. Furrazola et al. 1964).

First indications of emergence above the watler level may be observed as
early as the Oligocene but the main uplift took place in the Late Miocene
(P. ]. Bermiidez — R. Hofsteiter 1959). Sediments of the upper part of the Mio-
cene, mainly the clastics, were laid down only in places close to the present
shore. Uplifting continued on also in Pliocene and Quaternary times, when
Cuba and numerous surrounding islands were given gradually present outlines
and their morphology was shaped, as evidenced by the relics of terrace levels
(I. J. Corral 1545).

Main featnres of the geological siructure

The island itself is about 1,200 km long and on the average 90—100 km wide.
A distinctly linear outline of Cuba is controlled by two directions which inter-
sect in the Provinee Habana. The eastern, major part of Cuba has a longitudinal
axis striking ESE—~WNW (110°), the western part is elongated toward NE—SW.
The southern boundary of the eastern part of Cuba [Province Oriente]) and the
highest mountains, Sierra Maestra, trend about west-east. The two, and/or
three, directions as given above characterize in main principal outlines of Cuba,
being apparent in detailed division of this island and its principal geographical
forms. These directions are not incidental since even a preliminary conside-
ration will reveal that they are controlled by the geological sfructure. Such
a conclusion is in full agreement with published geological and geophysical
maps. It is apparent from the brief survey of the geological development that
the island is divided into areas having (1) complete and incomplete strati-
graphical development and (2] older metamorphosed rock massifs which reach
the surface. It is beyond any doubt that the division is not incidental, being
controlled by the whole structure and geological development of the island.
Geological and geophysical papers evidently show longitudinal and transverse
structures which divide the whole Cuba into several more or less independent
blocks. It is now possible for the authors to distinguish from these papers
longitudinal structures as follows: along the northern coast extends a belt
20—30 km wide that is accompanied by the occurrences of ultrabasic tocks.
Peridotites, harzburgites, dunites and other ultrabasic rock types are serpentin-
ized to a various degree. In the Province Oriente these rocks form homogeneous
massifs. In the other’ parts of the lsland they form smaller bodies usually
penetrating into surrounding sediments. The direction of the belt is roughly
coincident with the geographical boundaries of the island. Like the outline of
the island, the belt in the Province Habana changes to NE—SW and follows
this trend in the Province Pinar del Rio. The whole belt is interrupted by some
transverse depressions filled with young deposits. Some disagreement exists
regarding the age of the ultrabasic rocks discussed by several authors. In the
Province Pinar del Rio the ultrabasic rocks are known to cross the Jurassic;
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in the central part of the isiand, the Cretaceous. Some authors (R. H. Palmer
1945, R. C. Mitchell 1955] report the ultrabasic rocks crossing the rocks of
Eocene, and even Miocene, age. Spectral analyses of some samples of older
metamorphosed sediments proved increased amounis of,Cr, Ni, and Co, thus
indicating the presence of ultrabasic rocks in a supply area. In addition
to the occurrence of ultrabasic bodies, the longitudinal belt is charac-
terized by the large accumulation of sediments mainly of Cretaceous age
ranging in thickness from 5 to 8 kilometres. Gravimetrically and magneto-
metrically, the belt produces expressive minima. This phenomenon, which
contradicts physical properties of the ultrabasic igneous rocks, is explained by
0. N. Solovev et al. (1964b) having been caused by a downthrow of the
heavier lower structure along the whole belt and by a subsequent filling of this
area with lighter sediments. According to O. N. Solovev, the ultrabasic bodies
occupy only a small part of that area and modify the complete gravimetrical
picture merely in detail. Essentially the belt under consideration is a large gra-
ben set along a depth suture, which had formed original channels for ultra-
basic igneous rocks.

South of the longitudinal belt is a wide area roughly coincident with the
Cretaceous volcanic belt of central Cuba which builds up most of the insular
area. Nonvolcanic sediments forming part or the cover of the volcanic complex
are here reduced and their thickness is of the order 2—4 km. Gravimetrically,
this area is positive, and it is possible to deduce here the elevation of a lower
structure. In the central part of the island, massiis of metamorphosed rocks and
granitoids crop out. The granitoids are largely composed of basic types. Acid
derivates are scarce. Granitoid accumulations are mostly confined to the
southern border of the graben mentioned above.

Other longitudinal structures siretch also along the northern and southern
margin of cenfral Cuba with many islands of various extent. The shore inundated
by a shallow sea up to a distance of 30—40 kilometres represents a littoral zone
with a long-lasting slight subsidence. The accumulation of Cretaceous and
Tertiary sediments attains here a relatively great thickness.

No less important structures in the geology of Cuba are those trending
approximately NE—SW. Associated with ultrabasic rocks in Pinar del Rio, a
zone of gravimetrical minimum is roughly of the same trend. Other transverse
structures are evidently shown in a geological map by the depressions filled
with young sediments, gravimetrically producing also prominent minima. Of
principal transverse structures, the following lines are particularly noteworthy:
the line trending southeast of Bahia de Santa Clara, the line Yatibonico—Tunas
de Zora, the line Cayo — Safinal — Camaguey, and the well-known line Cabo
Cruz — Bahia de Nipe (which separates geologically the Province Oriente from
other parts of Cuba).

Transverse and longitudinal structures are conditioned by big faults as shown
in geological and geophysical patterns. They divide the whole island into
several blocks with more or Iess independent geological development ®fig. 1).

Fig. 1A. Scheme of the principal block structure of Cuba. Modified from geological
map by A. Ninez Jimenez et al. {1962)

Fig. 1B. Scheme of the gravimetric situation [modified from O. N. Solovev et al.
1964b). I — basal complex; 2 — Jurassic rocks; 3 — Cretaceous volcanic rocks; 4 —
ultrabasic rocks; § — Cretaceous sediments; § — volcanic rocks of Paleogene period;
7 — granitoids; 8 — Cenozoic sedimeats; 9 — main deep faults
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In geological past some blocks were relatively uplifted and removal or sf_ratﬂ
graphical starving took place there. In Pinar del Rio, Isla de Pinos, Escambray
Mts., and eastern Oriente, both the Jurassic and the older metamorphosed rock
complex crop out; the latter may be regarded as part of the lower structure of
the island. In the course of geological history individual blocks had a relatively
different mobility. Theretore, thicknesses and facies development of sediments
of the same age in neighbouring blocks are sometimes different. Deep faults
hounding single blocks often served as supply channels for volcanics.

Rock complexes are folded in individual blocks to a various degree. Most
prominent fold structures may be expected especially at the margins of the
blocks, i.e. where the relative movements equalized and free rocom could be
formed. Intense folding occurred also in the above longitudinal graben: the
sediments were deposited in a mobile zone between two stable blocks and even
relatively slight movements must have been strong enough to produce intense
fold deformations.

The Province Oriente, compared with other regions of Cuba, underwent a
rather different geological development. Almost throughout Cretaceous and
Jurassic times the large part of Oriente was a dry land, and rock massifs were
removed. So the old heavier lower structure approached the surface and the
whole province now displays relatively gravimetrical maxima. Of interest is the
different development of ultrabasic rocks along the above longitudinal structural
suture. Whereas in most areas of Cuba the ultrabasic rocks largely form a set
of apophyses cutting through folded sediments, in the block of Oriente these
rocks build up big homogeneous massifs (M. 1. Kozary 1956, G. Furrazola et al.
1964). The authors of this paper believe that the difference in entire morphology
and the position of ultrabasic massifs in Oriente may be explained by uplifting
and stratigraphical starving of the whole area before ultrabasic rocks had
ascended. In this province ultrabasic rocks cutting along a longitudinal fault
were not scattered into folded sediments but, passing through a relatively mas-
sive lower structure, they probably reached almost the surface forming here
laccoliths or exirusions.

Contrary to all areas of Cuba, the big structure Sierra Maestra has a special
position on account of different trend. The whole mountain chain extends
west — eastward for more than 200 kilometres along the southern border of
the Province Oriente and at the shore it steeply dips along a faulf scarp into
the deep Bartlett Trough. Nonvolcanic sediments are scarce. Thg Sierra Maestra
Mountains largely consist of eruptive rocks of various types — andesite por-
phyrites, basalts, melaphyres, tuffs and volcanic agglomerates. In Paleogene
times granodiorites and quartz diorites ascended into upper parts. Still further
west, the whole mountains continue as the submarine ridge Cayman and are
set along a series of deep westeastward faults forming supply channels for
igneous rocks. After eruptions had ceased the whole block was uplifted. At
present it has an alpine relief and is subject to intense erosion.

Geological relations to adjacent areas

Cuba is the largest island among the Antilles which form a conspicuous insular
chain between North and South America more than 3,000 km long. It consists
of the Greater and Lesser Antilles, which differ in geological development
{C. Schuchert 1935, A. ]J. Eardley 1951, W. P. Woodring 1954). The islands of
Greater Antilles are similar in structure to Cuba, with dominant Cretaceous
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or Tertiary magmatites and mainly carbonate sediments. The outer, so-called
limestone Lesser Antilles are essentially analogous to the Greater Antilles. The
inner, volcanic Lesser Antilles are formed only of volcanic rocks ranging in age
from Eocene or Oligocene to Recent. As compared with the other islands, the
volcanic Lesser Antilles have so far produced a more intense mobility evidencad
by strong seismicity and volcanic activities.

North of the Greater Antilles, Bahame Shoal is composed of flat-lying car-
bonates of Cretaceous to Quaternary age having up to 5 km in thickness. On
the NW and W, in Florida, similar carbonates are found.

Stretching north and east of the Lesser Antilles is the Atlantic ocean with
a geophysically proved oceanic crust. On the south, the chain of the Lesser
Antilles is connected with the Venezuelan and Columbian Andes. Both are
covered by a thick Palaeozoic and contain Palaeozoic insfrusions, which were
later overlain by Mesozoic and Tertiary sediments of considerable thicknesses.
Principal structures running toward the Caribbean sea at the margin of the
continent are truncated mostly by a fault.

South of the islands Antilles is the Caribbean sea, which separates the
isthmus of Panama from the Pacific ocean. It is worth noting that axes of
Palaeozoic stractures in Quatemala and Honduras run perpendicular to that
isthmus toward the Caribbean sea (H. Stille 18942, A. J. Eardley 18951}. The
Isthmus of Papama largely consists of the volcanic rocks with basalt and
andesite ranging in age from FEocene to Quaternary. In Miocene times folding
was accompanied with the ascent of granitoids.

Considerations on the geological history of the Caribbean sea result in
hypotheses which are based on mesagre data. At a glance it is evident that
dissection in depth of the Caribbean sea is the most prominent feature. Apart
from a relatively narrow shelf at the coast of South America, extending
northerly as far as the Leeward Islands, and the shelves close to insular belts,
the whole region is divided into two parts. Both are separated from each other
by an exiensive submarine elevation which runs between Honduras, on the one
hand, and Jamaica, Haiti and Puerto Rico on the other. The ridge covers an
area of a relatively shallow sea with the shoals Mosquito, Rosalinda, Pedro
and Serranilla less than 200 metres deep. The Tanner depression, lying east
of that elevation, is also divided by two submarine ridges. The southwestward
ridge Beata is virtually continuation of the peninsula Pedernales towurd Haiti.
West of the Lesser Antilles is the elevation Aves containing several submarine
extinct volcanoes, parallel with a number of active volcanoes in the Lesser
Antilles (H. H. Hess — [. €. Maxwell 1953). The ridge Beata divides the Tanner
depression into two parts: the Venezuelan depression on the east (with a depth
of as much as 6,000 metres] and the Columbian depression on the west (with
maximum depth of about 5,000 metres). Still more dissected is the marine space
north of the ridge Honduras — Jamaica — Haiti — Puerto Rico, being divided

-roughly into two parts by a narrow ridge of Cayman. The latter ridge is
a continuation of the Sierra Maestra Mts. in Cuba, rising above sea level as the
islands Gran Cayman. On the east, the ridge is suddenly truncated by an ele-
vation of the plateau Misteriosa. North of it stretches the Yucatan Basin having
maximum depth of 4,709 metires. On the south, between the ridge of Cayman
and Cuba on the one hand, and the ridge Honduras—Jamaica—Haiti on the
other, extends the deepest part of the Caribbean sea — the narrow basin of
Cayman. Greatest depths have been measured at the northern steep dip of the
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basin; here it takes the form of a graben. South of the Cayman Islands lies the
Bartlett Trough having a depth of 6,950 metres and south of the Cuban moun-
tains Sierra Maestra, the Oriente Graben 7,243 metres deep. It represents,
together with the peaks of the Sierra Maestra Mountains (2,000 metres}, one
of the greatest height differences on the earth.
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Fig. 2. Scheme of the submarine topography and of the main features of the fracture
tectonics of Caribbean Region. 1 — islands and continents; 2 — shelf and submarine
elevations; 3 — banks; 4 — submarine trenches; 5 — main faults

The highly dissected Caribbean region is not an incidental feature. It may
be anticipated that the submarine elevations are continuation of the structures
running from the continent and the island chain. It is very likely that this
applies to the ridges of Cayman and Beata, as well as to the elevation
Honduras—Jamaica—Haiti—Puerto Rico to which Palaeozoic structures of Hon-
duras are directed. Remarkable are also the features of submarine topography
in detail (B. C. Hecken — A. S. Laughton 1963). The slopes of the ridges are
more or less straight (Cayman, Beata) and steep, the bottoms are relatively
flat. This suggests that the ridges are set on faults (fig. 2). Such a hypothesis
is also supported by the configuration of some of the islands in the Greater
Antilles — almost rectangular outlines of Puerto Rico, peninsulas in the west
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part of Haiti, north shore of Jamaica, south shore of the Sierra Maestra Mits.
in Cuba {with faulis evident on dry land).

Geophysical measurements (M. Edwing et al 1955, 1957, M. Talwani et al
1959) gave important data on thicknesses of sial. In the area of individual
islands and submarine ridges, the earth’s c¢rust is 20—30 Kkm thick but in
depressions, 10—18 km thick and takes on a transitional character. Contrary
to the continent, the sialic crustal layer is of smaller thickness; contrary to
the oceanic type, it contains igneous rocks and sediments 6—8 km thick. It is
apparent that morphological dissection of the whole Caribbean region is ac-
companied by not less important geological dissection.

Notes to the geological genesis of the Antillean regiom

The Antilles are one of the known island arcs attractive for geologists for
many years on account of genesis. Analysis of the geological structure of Cuba
and its surroundings has revealed some aspects which, in our view, are in close
connection with their genesis and kave not so far been referred to, as far
as we know, in such a context.

From the discussions given above it follows that, like in Cuba, the whole
Caribbean region is difierentiated by faults into several blocks. Although big,
all faulf structures are not of the same value for the geological development of
the Caribbean region. We are inclined to the view that of supreme relevancy
are deep faults which essentially form the backbone of the islands and directly
affect the principal geological structures. The presence of ultrabasic igneous
rocks, largely accompanying the faults, indicates that these faults reach con-
siderable depths.

One of the characteristics of island arcs is the belt of gravimetric minima,
which usually accompanies these islands along the axis of deep-sea grabens.
Many authors made attempts to explain this phenomenon in various ways. In
the Antillean region, the known theory of tectogene was applied (H. H. Hess
1938). The authors presume, contrary to the above theory, that the distinctly
linear course of the long, narrow zone o0f a gravimetric minimum and its
irreguiarity can be explained by the existence of a series of deep faults along
which lighter magmatic masses ascended or the magma may have been
differentiated to lower density. It is also possible that these systems of deep
faults are filled with serpentinite. In all islands of the Antilles magmatites of
andesite composition and granitoids of quartz-diorite to granodiorite compo-
sifion strikingly predominate over largely carbonate sediments. This indicates
a direct connection of surficial zones with deep portions of the earth’s crust
through linear supply channels represented by deep faunlts [fig. 3].

The narrow linear course of the groups of islands, and much information
regarding the geological development of the Antilles, can by no means be found
in agreement with the most recent paper on the geology of Cuba written by
G. Furrazola et al. (1964). According to them, Cuba is the product of the
so-called Cuban geosyncline which was differentiated in times into partial
geosynclinal and geanticlinal structures. It is still obscure what is the relation
of the Caribbean region and the Antilles to the Cuban geosyncline. The
commonly accepted opinion is that the geosynclines represent areas with
3 long-lasting subsidence in which sediments of great thicknesses were formed.
After their accumulation geotectonic conditions reversed. The result of this was
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Fig. 3. Schematic view of the main geological relations in the Caribbean Region
{section along the line A—A’ in fig. 2) [(elahorated partly according to geophysical
data from M. Talwani et al. 1959, M. Ewing et al. 1955, 1957). 1 — sediments; 2 — crust
of andesitic composition; 3 — basaltic crust; 4 — crystalline basement of continents;
5 — boundary between mantle and crust

orogeny, i, e. folding, metamorphism and ascent of granitoids. Such a develop-
ment did not exist either in Cuba or other islands of the Greater Antilles, and
not even in the Lesser Antilles. Much information on the geological develop-
ment of the islands and the comparison with data obtained from geophysical
measurements in the surrounding marine areas reveal that during its geological
development the island arg formed a mountaineous ridge rising above the sea
bottom, not a depression with a secular subsidence. At the same time we
witness a very interesting phenomenon: although main features of the preceding
geosynclinal development of the whole region are missing, both the Greater
Antilles and part of the Lesser Antilles were subject to repeating folding
processes, contain metamorphosed zones and numerous granitoid massifs. This
suggests that these orogenic phenomena need not be only a direct consequence
of the preceding geosynclinal development but primarily were produced by
& high mobility of that region. As far as the Antilles are concerned, the mo-
bility is function of a set of deep faults on which the islands are founded.

The authors recommend that the genesis of the Antilles be solved with
respect to the following aspects:

1. In some islands there are series of large structural sutures which separate
blocks with different geological development. These sutures can in a way be
related to global structures in adjacent continents. Recent investigations have
proved that the latter sutures continue even in the Pacific ocean (the faulis
Clarion, Clipperton, a. 0.j.

2. In the Antilles, an island arch is not developed in the proper meaning of
the term. The belts of islands intersect in various directions. This fact may still
better be understood in the analysis of the dissection of the bottom and geo-
physical picture of the Caribbean sea (fig. 2j. Although there exist some sig-
nificant features common for the islands, certain different features were also
disclosed.
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3. With regard to both morphological and genetical dependence of the islands
on deep sutures, it cannot be expected that individual islands were either
laterally shifted as blocks or torn off the adjacent continent, as presumed by
s0me authors (J. J. Corral 1940).

4. It seems necessary that the genesis should also be solved with regard to
a probable influence of the near continents.

On the basis of the author’s remarks given above, it seems expedient to
summarize briefly our opinion on the genesis of the islands as fol-
lows: the geological history of the Antilles can be divided into early and
late development. There is still little information on the former. It can only
be siated that in the area of the same mobile zone, a cycle of geological
processes gave rise to a discontinuous ridge consisting of sialic rocks above
oceanic hottom. Finally, accumulated sediments and volcanic rocks underwent
a regional metamorphism. After these processes (believed to have taken place
in Palaeozoic times) the lighter bloks first rose secularly above the oceanic
pottom and then were eroded during long periods of time.

On this basement (palaeoantilides ? H. Stille 1942] a relatively guiet and
slightly differentiated sedimentation of Upper Jurassic and Lower Cretaceous
was followed, mostly at the end of the Lower Cretaceous, by proces-
ses leading to the rejuvenation of old suboceanic structural sutures or resulting
in new sutures. This was an immediate consequence of the changes of force
field in the earth’s crust, brought about by shifts over large areas during the
orogeny in extensive geosynclinal belts on the west of North and South Ameri-
ca. Along the set of sutures a submarine volecanic ridge (largely of andesite
composition) was gradually formed. But its growth, conditioned by the accumu-
lation of voleanic rocks and a block uplift, did not take place uniformly. This
unevenness was primarily the result of the intersection of structural sutures
bounding single blocks, the activity of their uplift and the different distance
from wvolcanic centres. Therefore, the ridge being produced was not a conti-
nuous one. The existence of the volcanic ridge basically conditioned a highly
differentiated sedimentation which took place at the expense of the ejected
volcanic material, as a result of iis destruction and owing to the activity of
rock-forming organisms. These are intensely favoured by the ridges coming
close to the sea level. A steep dip of the slopes of the ridges and their seis-
micity were responsible for redeposition of limestone and clastic sediments
in lower layers. In individual depressions deep-water sediments (radiolarian
rocks) were laid down. The intensive mobility along structural sutures pro-
duced movements resulting in repeating fold and fault deformations. The
most prominent folds may be expected especially at the margins of the blocks.
Final products of magmatic processes in individual volcanic belts were the
ascended granitoids largely of granodiorite and quartz-diorite composition. In
some of permanently rising blocks an intense removal occurred, and so the
metamorphosed zones cropped out.

The processes discussed did not take place evenly either in time or in space.
The development of some belts caused a relative solidification of one part
of a fault set, and the tectonic and volcanic activity produced new belts or
rejuvenation and other weakened zones which need not run in parallel with
the original zones. The whole process, i. e. another uplift and sedimentation,
was repeated later in other place and more or less in a similar way. Such
a phenomenon may well be studied by comparing central Cuba with the Sierra

4
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Maestra Mountains; the uplift of the latter extended the island by a new
volcanic belt more than 200 km long and 30 km wide. By analogy, the vol-
canic Lesser Antilles are believed by the authors to be the prototype of the
relatively consolidated Greater Antilles.

The authors assume that the development of the island belts is
one of the features that characterize the initial development of the
geosyncline which has been forming probably since Cretaceous times between
the two American continents. This developing geosynclinal area is named here
the Caribbean geosyncline.

Received July 21, 1967
Recommended for print by J. Kukla and V. Hanus
Translated by V. Marek
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RECENZE

Endogennye rmdnye formacii Sibiri i Dal™
negon Vostoka. — Izdat. Nauka, 221 str.,
Moskva 1966.

V kvétnu 1964 se konalo v Novosibirsku
zased4ni v&decké rady pro Fedeni otdzek
teorie vzniku a rozmist&ni rudnich loZisek,
ktera pracuje pfl Sibifském oddé&leni Akad.
nauk SSSR. Referdty z tchoto zaseddni
jsou obsahem sborniku.

Prace jsou vénovany problémfim vyzku-
mu rudnich formaci, jejich vyznamu pro
vypracovani klasifikaénlho systému loZi-
sek endogennich rud. Byly diskutoviny za-
kKladni pojmy, jako metalogeneticka aso-
ciace, metalogeneticky typ apod. Byly
charakterizovdny rudni formace riliznych
metalogenetickyeh oblastl a rudnich rajoé-
ull. Problémy rudnich formaci byly posu-
zovany z riznych hledisek. Z dvaceti tfi
referatl vyplyva rizny pFistup k chapéni
vyznamu rudni formace, genetické Fady
formaci, rudnich komplexd. Vétdina autord
chdpe rudni formaci jako skupinu loZisek

4*

latkové spodnych svymi mineralnimi aso-
ciacemi. Takova skupina se vyznaduje tim,
Ze vznika v podobnych geologick¥ch pod-
minkdch.

Vé&decké  rokovani bylo ukonleno zavé-
rem, v némZ se konstaiuje progresivita
uteni o rudnich formacich a jejich prak-
tickém v§znamu pro studium metalogeneze
a vytvareni loZiskovych prognéz. Nazna-
¢uji se sméry vyzkumu, které by prohlou-
hily formaéni rudni analyzu na zakladé
sledovéani vztahil rudnich formaci s ostat-
nimi geologickymi elementy, zvlas$td relace
rud a magmatith na zdkladé srovndvani
minerédlnich asociaci endogennich rudnich
loZisek s magmatickymi komplexy. Je
ziejme, Ze detailni studinm rudnich oblasti
miiZe vést k Gfelnému vymezen{ rudnich
formaci jen pfi pouZiti Fady vyzkumnych
metod. Z4ave&rem se navrhuje, aby byla
rozpracovdna obecnd klasifikace rudnich
loZisek, kterd by hrala ohled na geoche-
micko-fyzikalni a formadni principy. Ter-
minologickd nejednotnost vedla k névrhu
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z¥idit terminologickou komisi, ktera by se
timto problémem zabyvala.

Snaha jednotlivich autorli po vymezeni
ndplng pojmu rudni formace je vedena
asilim syntetizovat velké mnoZstvi faktori,
které podmifiuji vznik rudnich loZisek.
Autofi se snaZi shrnout tyto Fady faktorg,
obsdhnout pfirozené zakonitosti evoluce
rudnich mineralizaci od poatku €innosti
magmaticky¥ch a rudnich zdroji aZ po pil-
sobeni geologického prostfedi v jednotli-
vych etapach vyvoje strukturnich jedno-
tek, v nichz loZiska vznikajl a uklddaii se.

V. A. Kuznecov obhajuje potfebnost za-
vedeni pojmu formaci rud, popisuje histo-
rii v¥voje pojmu a ztotoZibuje se se Zacha-
rovem a R. M. Konstantinovem v tom, Ze
rudni formace je skupina loZisek latkove
shodnych, se stdlymi asoclacemi minerald.
Pfitom zdlraziiuje, Ze jde o to, aby for-
mace vyjadfovala i primyslovost loZisek,
tj. aby formace zahrnovala takove mine-
ralni asociace, které tvori ekonomicky vy-
znamné akumulace. Pak bude mit vyme-
zeni formaci i prognézni vyznam. PoZada-
vek zavedeni pojmu formace zdivodnil
také tim, Ze nalézame v prirod& pfirozena
rudni seskupeni, kterd ¢asto musime stu-
dovat bez cohledu na genezi.

R. M. Konstantinov chdpe genetické
fady magmatogennich formaci rud jako
série loZisek rtiznych rudnich formaci, ty-
pickych uréitym vyvojem minerdlnich aso-
ciaci. Konstatuje moZnosti existence néko-
lika souffasné existujicich zdroji rud uvnitt
jednoho magmatického krbu.

E. A, Radkevit se zabyva Kklasifikaci lo-
Zisek, uvadi vyvoj klasifika€nich Kkritéril
od jednoduchého sloZeni a morfologie lo-
Zisek pFes klasifikace zaloZené na zdko-
nitém spojenil vyvoje asociace s vyvojem
daného ‘lseku zemské kiry aZ ke klasifi-
kaci zaloZené na strukturné tektonickém
principu pro oblasti, jeZ se vyvijely poly-
cyklicky. Poukazuje na to, Ze v riiznych
typech geologickych struktur se mohou
opakovat shodné rudni formace. Rozviji
pfedstavu o kifemito-alkalické linii tvarby
rud a linli Fe-Mg-sulfidické.

F. N. Sachov se zabjva principy syste-
matiky loZisek vznikajicich z horkych roz-
toki a dochézi k zavéru, Ze tato loZiska je
nutno délit na metasomatickd se stalymi
minerdlnimi komplexy a Zilnd loZiska
s komplikovanym minerdlnim sloZenim.
Proto doporuéuje rudni formace na Zilnych
loziskach charakterizovat pomoci prvki,
a ne minerali.

V. N. Kotljar popisuje vziahy magma-
tickych komplexi a hloubky vzniku rud-
nich loZisek. G. V. Icikson a V. T. Mat-
veenko studuji metalogenni asociace ve
vulkanickych zénach tichooceanského rud-

niho pésu. Navrhuji zavést pojem metalo-
genni asociace. Je to pfirozené seskupeni
historicky zdvislych geologickych fenomeé-
nl, vznikajicich v konkrétnim prostoruy,
s nimZ je zakonité spjat vznik uréitych
minerdlng geochemickych typfi loZisek,
jejich skupin nebo asociaci [metalogen-
nich asociacij. Metalogenni asociace je
tedy seskupeni geologickych formaci mag-
matickych, metamorinich, sedimentarnich
a rudnich.

V. V. Bogackij uvadi zasady rajonovani
geosynklindl a klasifikace endogennich
loZisek. Dal8i &&st sborniku je v€novédna
konkrétnim rudnim formacim v razn¢ch
oblastech, problematice loZisek zlata, médi
a niklu, lozZiskim sulfidicko-kasiteritovym,
wolframovym, olovéne-zinkovym a riuto-
vym. Do této Casti je téZ zafazen referat
P. ¥. Ivankina o zonélnim rozmistZni rud-
nich formaci. Ze studia W-Mo-pdsu horno-
altajské oblasti, polymetalického péasu
Rudntho a JiZniho Altaje, zlatorudného
pasu Jiznitho Altaje a kalbanarymského
pdsu se vzadcnymi kovy vyplynuly poZa-
davky na zpfesnéni pojmu rudni formace,
rudni komplex, geneticky typ rudni mine-
ralizace. Rudni formace se vysvétinje jako
spolefenstvo ascciaci rudnich a nerudnich
minerali, tvoficich se v uréitych geologic-
kych podminkdch. Rudni formace je &asti
magmatického komplexu., Magmatickd fada
je spolefenstvi magmatitdl spojenych s &in-
nostf jediného hlubinnébe krbu, ktery je
v ¢innosti béhem jednoho tektonického
cyklu. Magmatické rfadé odpovidd chalko-
filni metalogenni Ftada, coZ pPedstavuje
spolecenstvo rudnich komplexi, spojenych
mezi sehou teritoridlnd a komagmatickymi
vztahy rudogenetickyech komplexii hornin
piisludné magmatické fady. Autor definuje
rudni komplex jako spolefenstvo [naku-
peni) endogennich loZisek raznych gene-
tickfch typd, spjatych svym pilvodem
s urditym magmatickym komplexem, jeho
vyvojovymi fdzemi a intruzemi. Geneticky
typ mineralizace je skupina formaci da-
ného komplexuy, vdzaného na spoleény
magmaticky zdroj a také podobné termo-
dynamické a fyzikdln€ chemické podminky
vzniku. Z prdce vyplyvd, Ze klasifikace
endogennich loZisek a rudnich projevil
podle formadnich a genetickych principll
ma mistni (provincidlni) vyznam. Cely
shornik ukazuje Zivost diskutované proble-
matiky a snahu rozpracovat naplii pojmu
rudni formace. Cilem studii je vypracovani
védeckych principli prognéz endogennich
rudnich loZisek pod syntetizujicim zornym
thlem, zahrnujicim Sirokou Skédlu faktori
podmitiujicich konkrétni lokalizaci pri-
miyslov& vyznamnych loZisek.

Petr Orel
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