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RESUMEN

‘ . Lo ‘.'z . . s . La'."
Rocas de afloramientos existentes en la,reg}on-de SlQ?lSlqug del&i:t;@grag_
ra fueron investigadas petrograficamente por medio de secclones ¢1ga >
- -mentos,

i i Sgico ' os " se realiza-
Como complemento a los estudios mineralogicos, en algunos casos : 1Z8
‘ron con €xito andlisis de rayos X.

i ‘ if1 n cuatro
De acuerdo con.los resultados obtenidos, las rocas se clasifican e
grupos diferentes, a saber: ‘

1. Ofiolitas>(serpentinitas, espilitas y gabros).

i act - sedi-
2. Rocas mixtas calco-ofioliticas (rocas de contacto entre se |

‘mentos carbondticos y ofiolitas)

3. Posibles tobas a rocas tobdceas (tobas con material sedlmenf.
tario) '

L. Rocas sedimentarias (cuarcitas, ftanitas, radiolaritas y. con-
-glomerados heterogéneos)

S T SR . oo ‘ . a1
Las ofiolitas efusivas a subefusivas fueron (subsecuen?emente, guliiz)ga_
‘pitizadas (espilitizadas) ; yninm~ggxr§ghs narbonatlzgdas, mlenﬁrasique e
bros intrusivos suftieron prenitlza01on.)

La asoeciacidn de espilita, serpentinita, gabro‘_y‘ ftanlta'g?nclugizdoEialos
diolarita) ha sido observada}en.muchas gonas deformadas’o?ogezeeigizelas.napas
Alpes Suizos, dicha asociac%en caracter%za a algunas ge?01on§te e s R e
orientales inferiores a penlnic%s superiores, y especificamente a , :
fuera del gran geosineclinal peninico central.

Seguin las observaciones de camgo, al pareger la intrusioq~delscozpizio gz;;
broico dentro de los sedimentos tuvo lugar en epoc%s'del Cre?acgoh u§ re1~§a1eo—
que existe la posibilidad de que la actividad volcanlca continuo hasta

ceno,

SUMMARY

R AT, pamcmme

Taln sections and rock fragments of outcrop samples from the Siquisiquq
region, State of Lara, were petrographically investigated,

In addition to microscopicgl studies,,xzray analysis was—successfully
“carried out ifi several cases,

The investigation led to the subdivision of the samples into four groups
of rocks, as follows: ' :

1. Ophiolites (serpentinites, spilites and gabbros)

2. Ophiolitemlime'stone compound rocks (econtactrocks between
ophiolites and carbonatic sediments)

3. Questionable tuffs to tuffites {tufrs containing sedimentary
material) ’

b, Sedimentary rocks (quartzites, cherts, radiolarites and
heterogeneous conglomerates)

' The effusive to subeffusive ophiolites were (probably subsequently) albitized
(spilitized) and partly carbonatized, whereas the intrusive gabbros undervent
DPrehnitization,

'The observed rock association of spilite, serpentinite, gabbro and chert
_(including radlolarite) has been described from many orogenes. In the Swiss Alps,

main geosyncline,

According to field observations,~the intrusion of the gabbroic complex into
the sediments apparently took place in Upper Cretaceous time,although it could
well be that volcanic activity extended into the Paleocene,
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INTRODUCTION

This report covers principally the results of a petrographica] study of outcrop
samples from the Siquisique region (Fig, 1), in the northern rart of tﬁi S%ate of Lara
carried out in 1957 on behalf of Compafiia Shell de Venezuels

by Mr. J. Schilline and
Prof. E., Niggli of the University of Bern, Switzerland, to whom appreciativ; ;efoﬁni'

tion is expressed for allowing the release of the present account, The translation
of the text, originally written in German, was carried out by R, Blaser,

The specimens were collected by G.R. Coronel and E.J.C. Kiewiet de Jonge during
& geological survey of thé Los Algodones and Lag Tinajitas areas in the Siquisique
region (Figs, 2 and 3) between May and June, 1956, The accompanying schematic section
(Fig. 4) show the most important stratigraphi

¢ and structural relationships across
the region., Particulars on thin sections of rock samples examined are given in Table
Ie

G. Feo=Codecido slightly modified the accompanying illustrations and edited the
manuscript,

REGIONAL GEOLOGY

(Extracted from Coronel and Kiewiet de Jonge's private report)

STRATIGRAPHIC OUTLINE

The rock expesures in this region range from Lower Cretaceous to Quaternary in
age, In addition, allochthonous fragments of gneissic and schistose rocks have been
found occasionally along some streams, as well as enclosed by Lower Tertiary shales;

these metamorphics presumably make up the pre=Cretaceous basement complex, which is
not exposed. '

The oldest outcropping unit appears to be a quar
than 100 meters thick, which is referred to in this
to the Lower Cretaceous Rio Negro Formation,
followed, stratigraphically,
Foraminifers and Mollusca +
rocks are conformably overi
carbonaceous shale,
unidentifiable small
resemble the Upper C

tz pebble conglomerate, no more
report as belonging tentatively
Under this assumption, this unit is

by a 20-meter interval of sandy limestones with smaller
ypical of Cogollo limestones of Aptian=-Albian age, These
ain by a rhythmic sequence as much as 150 meters thick of
dense limestone and black chert bands; with abundant Radiolar
er Foraminifera and ammonite fragments, all of which strongly
retaceous La Luna Formation elsewhere in Western Venezuela.

ia,

Basic igneous intrusive rocks, predomi
basaltic to andesitic extrusives are found
These rocks appear to belong to a single ig
position being due to megmatic differentiat

addition, the volcanic types are thought to represent extrusive flows of submarine
origin, Evidence of contact metamorphism

related to the intrusion of the gabbroic
body has been observed in some Upper Cretaceous strata (engs3 along the Los Algodones-
Baragua road, where samples Cr-25 and 26 were taken), but in general the contacts

are badly exposed due to weathering and little can be said about their nature; on
the other hand, most locsalities suggest a tectonic contact (e.g., at the locality of
sample Cr=16). North of Cerro EL Regal, diabase tongues extend into the gabbro mass
(sample Kw=588) , which clearly indicates a younger age for the disbasic extrusives,
The top of the lava flows is generally characterized by a thin cover of tuffites.

nantly of gabbroic nature, and associated
in the Cretaceous section described sbove,
neous body, the slight variations in com-
ion at the time of emplacement. In




292

No sediments of Paleocene age have been encourtered in situ, but only boulders
of fossiliferous Paleocene .limestones enclosed by Lower Tertiary shales (e.g.,

sample Kw-613).

Eocene deposits are moderately exposed throughout the region, where they are
seen to occur in fault contact with Cretaceous rocks. These deposits consist
mainly of a thick series of shales with sandstone intercalations; the shales
are boulder bearing at several localities (samples Kw-523, 524 and 525), the
blocks consisting of pre-Cretaceous metamorphic, Cretacecus and Paleocene vocks,

Exposures of mottled clays and fossiliferous limestones of Uligocéne age
occur extensively throughout the region, unconformably overlying all older rocks,

TECTONICS

The Los Algodones area is characterized by two main faults; that is, the
northwest-southeast trending Algodones fault, quite evident in the field, and the
southwest-northeast trending Petacas fault, which is offset at several places by
minor northwest=sowtheast faults. The Algodones fault separates the Oligocene
on the south from the Upper Cretaceous on the north, whereas the Petacas fault
separates the Eocene on the south from the Upper Cretaceous on the north. In both
cases, the northern block has been pushed upwards in relation to the southern block,

The predominant feature of the Las Tinajitas area is the southwest-northeast
striking Guacoas fault, which separates Eocemne deposits on the south from Upper
Cretaceous rocks on the north. In this case, also, the northern block has been

uplifted.
PETROGRAPHY
(By J. Schilling and E. Niggli, private report dated 27/10/57)

BENERAL STATEMENTS

The investigation of the thin sections led to a subdivision of the rocks
into four groups, a&s follows:

1. Ophiolites {serpentinites, spilites and gabbros)

2., Ophiolitg~-limesténe compound rocks (contact rocks between
ophiclites @nd carbonatic sediments)

3, Questionable tuffs to tuffites (tuffs containing‘sedimentary
material)

4, Sedimentary rocks {quartzites, cherts, radiolarites and
heterogeneous conglomerates)

One representative rock type from each of these groups will be described
below. The sedimentary rocks will be dealt with briefly later.

- Microscopic description:

-Macroscepic description:

© o The serpentinites are greefi=-black to brown-green, massive and V@fy'."Se"'ck .

- ¥ith rough fracture surface showing ho preferred fracture directions. On wet

fracture,- the heterogenecus struct '

Fracty 2 ne : ure of the rocks can be recognized. . Recs
?helge?ply-cclored-matrlx.of the serpentinite, light-green ivﬁggufzgiy'§%81qes

ine Ps;ons.pfnche?ts of up to 1 cm, in diameter can be observed, and th ounged '
1rrggularlyfd&s%rlbuted—throughbut*the‘ﬁhble rock, . — =7 TIeAe are also

":ﬂiﬁbeeopiﬁ:déscmipéionz

*ﬁfUﬁ&é%:thefmicfﬂécope- the i ica .ti ‘G '

AR Lcroscope, rock is typically reticulate. Sporadicall ;

g:snphtéﬂl/2=§mojln‘§1ameter can be recognized; their transfcrmatibn'Egtzsszipogzeﬁs
5, however; angressed to such a degree that their further determination ﬁ ¢Pen ine

.- impogsible,

l;-'Thaisébpenfinite contéiﬁs diS'em; at  : i ‘ ‘ ch |

o WNeTserpe > cont seminated :;grains of picotite, which heweverp ;:

1 A - g 5 2 % .. e " o o - . i N & - oty o ,'ep Of 2
2DPpear-opaque &gveu unider parallel nicals).because they are co;er@d‘byﬁégfé§t ‘tig B

fine film of ore.

- Intéfpretation:

_ The inclusions: of ¢hert .indicate ‘that the intrusien of the ultrabasic magma, -

| fook place-after the sedimentation .snd lithification of these rocks, because the
""magegigigs ave very %%#rg_b?undaries and.comsist 'of quartz only. Allochthonous
1aly which could'be of -igneous-origin (e.g., chlorite), is missing. Such is

not necessarily the case, however, with regard to other inclusions of chert in

o ophiolites;- this is discussed below.

i

Two diffeman? varietiss.of'spilitesAcanvbe distinguishedgwas‘foildwgs
as - Carbbnaﬁi#edéﬁpilitesmﬁsamples;Kw=3?i§}37?9 5213, and

b Chlorite=albiteaspilites"(gamp&és.Kw§3q09 378, 379, 552),

"¥f €aﬁ%cnati2ed‘Spilites

~Macroscopic descriptions:

e T?eséiareﬂvé??'fipé graingd;rocks;. the grain Size averaging ca, 1/10 mm.
‘¢ color'is grey-green, A fine net of veinlets filled with calcite and quartz

- traverses the rock in all dipection d gi i ' '
) : : +4 diprections and gives it a .very he £ ceiate
appearance. : e g; S heterogepegus brecciated

/

B *%ﬂﬁé;§5%ﬁeﬂmicroscope :&lbite, chlovite, titani : :
T : gt 8L s c¢hl itanite, epidote > is )
quartz-are-p {zable. . 9 te, epidote, ore, calcite and




i
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Calcite, chlorite, epidote and ore (supposedly limonite) form an intersertal
matrix, in which are present idiomorphic laths of carbonatized albike and roundish
porphyroblasts of chlorite.

The chemical composition of the albites was determined on the universal stage
according to the method of Reinhard (1931) and also by determination of the maximum
extinction., Values of 3% An (=albite) were obtained by the former, and values of
5% An (=albite) were arrived at by the latter method. The albite twinning law is
predominant, but larger plagioclases are also twinned on the pericline law.

Sporadically, pseudomorphs of calcite after pyroxene can be observed.

Calcite is seen not only in the intersertal matrix and in the carbonatized
plagioclases, but also occurs together with quartz as cement of the individual rock
fragments, The carbonatization appears to originate from the filled cracks, since
the spilites which are not brecciated show no carbonatization. Due to the small
number of samples no final conclusion on this point can be made.

Chlorite=-Albite Spilites

Macroscopic description:

Macroscopically, these rocks are of a grey=-green color, similar to the carbonatiz-
ed spilites. They are very dense, homogeneous and fine grained. Rod-shaped plagio-
clases and roundish grains of epidote can be observed in a black=green matrix. The
length of the laths of plagioclase is ca, 0.% mm., whereas the grains of epidote
hardly exceed 0.1 mm. in diameter, These chlorite=albite spilites can be distinguish=
ed from the carbonatized spilites by the absence of brecciated structure, :

Microscopic description:

The mineral constituents are chlorite, albite, epidote, ore, calcite and quartz.

Chlorite, epidote and ore together form a coherent matrix, in which idiomorphic
laths of albite and xenoblasts of calcite are distributed. The albite laths are

- arranged in a more or less radiating pattern.

The plagioclases are twinned on the albite law; however, each lath generally con~
sists of only two or three individual crystals. '

Due to the high degree of decomposition, an exact determination of the composition
of the plagioclases is not easily obtained, The investigation on the universal stege,
with the application of Reinhard's (1931) method, let to an exact value of 3% An -
(=albite) in one case only. Other less exact determinations indicated contents of
anorthite between 3% and 10%, '

Chlorite is only found in the intersertal matrix; porphyrcblasts such as were
observed in the carbonatized spilites are missing,

Calecite is observed in veinlets and also in irregular patches. The dimensions gf
these patches, however, barely exceed the length of the plagiclase laths. Under

 Reinhard indicated g content of 22%

_ 8 content of 30% to 37% anorthite was foung.

=)

ubseguent Tormation of fine needlew
g

#trong magnificati i
can be recognized at the c

) 1
B o~ " e .
suppcsed Lo consis

Shaped crystals,
and chlorite,

+ )
Ontact between calcite

Quartz occurs either in VSinlets
boundaries; b
recognized ma g
chlorite., The quar
analysis, i

LB veiniets o? in inclusions of chert vhich show diffus
28, Gae inclusions of cherts can only in rare gééeq¥;*“°e
7 L 3 T 11a T e Jooke S S €
usicns also contain a ceptas s
L2 »\.rta‘an am.Ount -
- ox

e Inclusion were det N
RCLuslon were determined by X-ray

-
£y
b
n
[©]
fod
]
[¢]
[Re

H

~ Interpretation:

The @i 5 s P e
Girruse boundaries of the inclusions of chert indicate the

that the intrusion of i1 1 Possibili
bt of the Sp]ﬂ ites occurred j e E 1 l'ty
REN Y Urre: ln‘to f‘ll I Faney 4
was not yet consolidated = & sillca mud, which at that time

The ch? 5 1R " <
ol Gurtne ool ted. _$he chlorite could have teen introduced into the silica
NS AT 3 s Nl vt T 4 - " 4 - had
resent in the seqimeror T the spilites; on the other hand, it could have been
e’orég‘ onht 1§f 1men§tbefore the intrusion of the spilites, as a product of older
7orked ophiolites. cannot be decided whi ~
21 ¥ o vhich e ibiliti i
ixely to be the case. of these two possibilities is more

-
mua
r=}
e

o]

s g

GABBROS

These rocks form the bulk of the ophiolites,

Macroscopic description:

{,-T"t + 1 - Bl o :

grainlgizebgg giiidtziei.ogéy grez Plagioclase and hornblende can be recognized

: i 1ght and the dark minerals is u to 1 T individus
mineral grains are, however, divi i . of oh son ouat

7 5 ided into fragments, the size of i

. ; : : 5 of which does not
S:j:f: 2 ?gi dzii Eggziiilestof the grains are jagged and torn up due to mechanical

ress., e Uents were arranged in layers by cataclasi X
o : _ver X Lasis, The rocks
traversed by a close net of fine ultramylonites, which gives the superficial

im i hat ti j i
press;qn that the rocks are of much finer grain than is actually the case

The

Microscopic description

M, oo y W 5 .
(por ;ui ej*e9ts Ef Strong mechanical stress are also seen under the microscope
horng;zngg*asfi 0§+Plagloclases and hornblende swim in the finer grained matrix of
10rnol, colorit 1d * ~ % : . - N
ever. often me Kked ¢ and plagioclase}, The clastic to mylonitic structure is, howe
5 masked by poste-tectonical formation of prehnite. ’

The mineral associati i i
~ ! Y 10 1s plagioclase, hornblende artly in fo: i
. : in for
chlorite, serpentine, ore, calcite and preh;ite, (@ 7 om of urelite),
Me plagicel . A
. dirfyeaidafiocaases are twinned on the pericline and albite laws and they have
t oucy appearance due to incipient Prehnitization and carbonatization.

The twinelamellae ar : ;
lanes. e often bent and displaced against each other along fracture

T . . .
<he investigation carried out on the universal stage with the method of
to‘28% anorthite for the plagioclase of the
for plagioclases of only slightly prehnitized rocks

x ! : The originally existing content of An
ave been higher, which justifies the term "gabbro" for these

Strongly prehnitized gabbros;

Bay well, however,
Tocks,




The hornblende is represented in a slightly greenish and very fibrous variety,
which does not show any pleochroism., The individual fibres are torm into small
parts-by cataclasis, yet their original connection in the grains is still
recognizable, The hornblende may well bk derived from primary pyroxene.

The optical characteristics of the hormblende are:
e/ = 22° "2V = ca., 70°
A (determined: with the Berek compensator) =.0.022 -

Occasionally, the hornblende is serpentinized or chloritized; pseudomorphs

‘of -calcite-after hornblende are also present, The carbonatization appears to

originate- from calcitic patches (or from cracke, which are filled with calcite),
Prehnite-in stem-like form occurs together with calcite in healed up cracks.,

The prehnite-was identified by means of the determination of its optical
refraction-on uncovered thin sections. For this purpose a set of Cargill ‘liquids

'was applied.

The- optical data are:

n = 1,657

n = 1.630

A= 0,027

A= 0,028 (determined with the Berek compensator)

* The rock is often completely prehnitized, the prehnitization starting from the

eracks which are healed up by this mineral. In this case only isolated relics
of fibrous hornblende or of carbonatized plagioclase, occurring embedded in a
doarse-grained matrix of radially arranged prehnite, can be observed. An X-ray
powder diagram of suech a prehnitized rock shows no other lines than those

chapracteristic for prehnite. ‘

Interpretation:

By means of the prehnitization the rock may completely loose its mylonitic
structure. The prehnitization can, therefore, be attributed to a metamorphosis
closely connected with the crushing of these rocks, since the ppocesses ¢if recrystal-
‘lization originate at the cracks., Since the cracks may be very youmg, at any rate
gounger than the final crystallization of thc original gabbros, it is hardly pos=-
sible that the prehnitization of*these rocks is caused by means of autometamorphosis.

The prehnitization is a general pheromenon of the gabbros in the Siguisique
vegion, some 80% of all of the investigated gabbros being partly or totally

$rehnitized.

OPHIOLITE-LIMESTONE COMPOUND ROCKS

The intrusion of the gabbros into lime-bearing country rocks led to the
formation of typical compound rocks. Tectonical origin of part of these
compound rocks must, however, not be excluded; analogies with ophicalcites

exist. ‘
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Macroscopic description:

Macroscopically two different c i
onstituents can be recognized in +
| g::isérgzgeigﬁigneous ;o?ponents and limestone. The limestone occuistﬁitiggpégnd
-gre €ous rock in form of up to 5 mm. thick, sli ¢ e
or less parallel bands These ' e Lay Y adlated e
. may coalesce and form a layer of u 2 *
thickness, which after some centimeters splits again intoy;ariouspb:;dif/ o

The igneous rock between these Db
. ands forms spindle-shaped lenses y am
n length. If the igneous portions have roundish boundaries they ar: Zﬁriguiali’

~ by halos of limestone, Which are somewhat coarser grained as compared with the

1 ,
imestone of the bands and which are at the limit of macroscopical visibilisy

In some instances the otherwis '
e smooth igneous/sediment contact F be
éz:c::r:ga:y subseguent stress and particles of up to 2 mm. in size SrgzﬁcZQ
oot azd théoi gi layers of either sedimentary or igneous material may thﬁs ge
arowth dzsc;iigiitigzggints gcgur in & completely chaotic, indentated inter-
. such b ouné - : i )
ophiolites is then not always possibl:?CCiated compound rOqukfrom brgﬁal&tad

Microscopic description:

‘Under the microscope, the pone i .
‘ a 9 components of igneous rocks show broken
iiagiggi&ses, intensively perforated snd corroded by calcite, which are embedded
£ e grained mgtrix of chlorite and serpentine. - )

undisgggzzéonai%z, however, hypidiomorphically crystallized and comparatively
ohiomtoy portions of gabbro, whose dark constituents are completely
ritized, are observed between the bands of limestone.

The plagioclases are twinned o )
Loy, n the albite and, sometimes, on the aline
s:: Often they‘are carbonatized, so that the‘dete;mination o; the uni§§§221$ﬂ@
g¢ gve only inexact values of 25% to 30% anorthite. '

Along stringers of the 1 he '
& gneous rock or at t ; ou
components the calol . rastie t @argins of subrounded ignecus

material, may also form co

. mpound rocks at the contact with the oph Th

Leck s sanns o <ypoecebion of the described campount rucks 1o sor e dacy
: empted w, a few ¢ . I

Observed in the cherts and radiolaritzg;samples Poutast phenomena were not

IUFFS TO TUFFITES

The pyroclastic ﬁature of these rock
- 8 could not be prov vioty .
They may also represent sediments with components of ignzouse:o:i:? cerataty.
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‘ e ‘ i i can be
Two variétes; which are separated by their internal structure,
distinguished: .

a.  Crystal tuff to tuffite, and

b. “Lithic tuffite", which occurs together with the ophiolites.

Crystal Tuff to Tuffite

Macroscopic description:

v i ‘ ’ « Cdan
Hécroscoﬁically, white to reddish gra1n§ of fe%dspég :fdugizgnitzmof
be recognized, which are baked together by finely distribute

‘violet appearance.

The rock is interwoven bv a network‘of fine cracks filled by red limonite,
The-weathered rock, therefore, shows a reddish color.

The "tuffite" is slightly bedded, but the limonite veinlets exaggerate
the impression of bedding.

‘Mieroscopic description:

. Under the microscope also, the Tock sh;ws thedsizzzzgzz.ofazn:rizﬁzaICite |
' i plagiocl an gr _
: ite; that is, big fragments of plaglo? ase ar : S
zzifzégédded in a'fine—gpained matrix con51st1ng.9f.elongat?d %liizgg%ase
laths; the whole being cemented together by a peculiar matrix (g ?).

The fragments of plagioclase are Fwinned on the albite la:itizﬁeof -
measurements-on the universal stage gave as a result the compo
acid adesine with 80% to 35% anorthite.

' - . ) 3 ! L] > / e
Partly, the plagioclases are slightly sericitized or k;?llgii:d;f igzonite.
individual érystals of plagioclase are often covered by a thin

i : imonite
The grains of calcite, too, are often surrounded by a mantle of limo »
so that they appear almost opaque.

i 1114 i f the

Besides limonite, calcite also takes part in the.fllilng m:tizl:is:nts e

cracks. It is not feasible to decide with cgrtalyty if t ;.roc Thz e mticlos

tuff; ;n the proper sense, or if we are @eallng with a tuffite, o8
of*c;lcite poeint to the latter possibility.

"Lithic Tuffite"™

Y . Y : i v eﬁts v
These tuffites are composed of clast%c_materlai,‘whagg.cop;i;nzf gpagzais'
of igneous and sedimentary rocks and, additionally, some fragme rys |

- Macroscopic description:

. ¥
: S onae ny 6 3 mi.
Macroscopically, roundish to elliptical gra;hs of 1gneqqzer:2§zgé?§ed‘
and white to light-grey grains of felgsparf(gplzgiiem?é; ::ns e racowt B asionak
rregularly terminated orange-ted gra ns of do te (¢ . ,
Zreeﬁgs:‘ciert fragments are equally distributed within the rocK,

299

The rock, thus, acquires a very heterogeneous green-orange-red sprinkled

- appearance. - Bedding can only vaguely be guessed at,

" Microscopic description:

On microscopical inspection, it can be recognized that the fragments of

igneeous rocks and the sedimentary grains are cemented together by-aﬂmatyix,»which
.consists of-a fineﬂgnainedvsubstratumwofLPiagioclase;laths‘and which a

_ also contains
big  fragments of corroded plagioclase in the form of skeletal crystals,

The composition of the Plagioclase which is contained in the ma

‘ trix has been
determined-on the universal stage, as follows:

35% to 38% anorthite = andesine

Partly, the grains orf ig..-ous rocks are of the same composition as the
matrix itself (i.e., bigger grains of plagioclase occur in a fine grained matrix);

however, grains of carbonatized spilites, which again contains inclusions of
chert; also eeccur.

The sedimentary particles, ‘which take part in the composition of these
tuffites, are of a variable composition. In most cases, however, they consist
of -orange-red grains of dolomite, These. dolomite grains are composed of
rhombohedra, which mostly appear opaque due to a brown limonitic cover, The

igentifzcation of the dolomite was, therefore, achieved by means of X-ray
analysis,

In addition to the above fragments, chlorite

coarse grained quartzites (containing indentated
also present,

-bearing chert particles and
quartz grains and sericite) are

fUDIMENTS

It has been mentioned alre

' ady that the ophiolites occur in association with
radiolarites and cherts,

In principle, two types of sedimentary rocks can be distinguished, as

‘follows:

@. Rocks, such as radiolarives, quartzites with components of chert,
cherts and fine conglomerates composed of chert and dolomite,

b. Sediments, which besides the above named rock-types also contain
~ components of igneous origin., To this group belong the cherts,
pellets containing chlorite and a conglomerate containing fragments
of crinoids, pellet limestone, chert and spilite,

The aspect of the sediments is very diversified;
discrimination of dark colored radiolarites or radiolar
#pilites is quite difficult,

generally the macroscopical
ia-bearing cherts from




500+

RELATIONSHIP OF THE MAGMATIC ACTIVITY WITH SEDIMENTATION; ~
COMPARLSON WITH SIMILAR ROCK PROVINCES . .~

The following remarks are based exclusively on our investigation on thin
sectiqns-and rock fragments. They shall be given here with all reservation;
specifie-petrographical field investigations would be indispensable ia ‘order to
arrive at-definite comclusions. - - R

-Intrusion  or extrusion?

The serpentinites and gabbros quite certainly solidified intrusively '
(plutonically or subvolcanically). The sharply bounded inclusions of chert and
the compound rocks which originated at the contact of igneous with sedimentary
material-are in favor of this opinion. The spilites, however, probably intruded
into-not-yet:consosraated silica mud, so that submarine - effusive to subeffusive
.solidificdtion gan be assumed, The few samples of uncertain tuffs do not allow
any- further statements; they may very well represent submarine tuffites
(i.e.,; redeposited tuffs).

‘The association

We ape dealipmg here with the classieal asseeciation of spilite, gabbre,
serpentinite and radielamites (cherts) included, which has been observed frem
‘many -orogenes (see, e:g., the statements made by J,F, Turner and Verhoegen,
1951),  This asseeiatien is of an ophielitie character, In many provinces of
this kind, roecks-rieh in magnanese are found, It would be of interest te
fnvestigate the existing rock samples of sedimentary origin from the Siquisique
region in this respect,Spilites of a submarine origin often show pillew
structures; which are not always easily recognizable in the field, It would be
of -great interest to know if such pillow lavas occur in the Siquisique region,
The-small rock chips which are at our dispesal do not allow any statement
concerning-this question, :

Steinmann (1927) interpreted this rock association as characteristic for
an-abyssal-environment, According to this author ophiolitic magmas would have
intruded-into the deep marine troughs via tectonical planes. Since the time
of-E;-Davis (1918), the abyssal formation of the radiolarites is doubted by most
geologists and petrologists, The abundant growth of silica organisms could
also-be explained by assuming an inorganic supply of silicic acid, which
would-be associated with the emplacement of the ophiolites.

The problem was discussed in detail by H. Grunau (1846).

In-the Swiss Alps a similar rock association is known from some parts
of - the-lower east alpine and penninic nappes (e.g., from the so-called "Areser
Schuppenzone'). There, this special ophiolitic association is not found in the
central main geosyncline, but in marginal troughs. The ophiolites which occur

in the-main geosyncline have other characteristics; spilites are missing theré. -

‘A-special genetic problem is given by the high sodium content of Yhe s
spilites. A copious literature deals with this question. Hydromagmatic solid
ification;-or autometamorphosis, or supply of sodium out of the sea water, OF

*
NOTE : pillow lavas were, in fact, reported during the field survey
A private communication from-G+—Coronet—to—G+Fee=Codecidol

secondary netamorphosis by circulating was

'y etar . by ating waters (contajins :

as possibilities., P, Eskola (1946) was able ‘to shozlnlng ca2) have been mentianed
: ]

44 92 s N by E-4 °
that a "spilite reaction® possibly can proceed as folloés?eans O+ experiments,

.Na2003 + CaAlzoa +4 SiO2 = CaCO3 + NaAlSi308
The formation of our carbonatized spilites could, for exampla

3 I b mtah
zzrigllzws, Th? rocks were fractured by tectonical Stress; in “ia ji ﬂ?cons§?&m€@$
and-'na e §oln?nons;ﬁgr§‘clmculatingv_displacingfthefcalcium of ;g; maaafs scii“

replacing it by sodium, Part of the calcium carbonate plagicclassas

originati
s ginating as a
ures of the rock, whereas tt ’

i : he remaining
present in the plagioclases in ti - o ining
plagi ases in the form of 3 carbonatic

result-of-this Process, cemented the fiss
part of it-is still-
impregnation,

The prehmitization of the gabbros, also, may be explained by

similar post-tectonical hydrothermal alteration. sasuming 2




‘ BAMPLE NO,

Cr-8

Kwr=300
Kw-378

Kw=-552

Kuw=340
Ku=371
RKw=373
;‘ Kw-3T9

Kw=-521

Kw=-310

1 Kw=309

Kw=345
}‘ K350

Dw=-351

K-35
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TABLE I - PARTTCULARS ON THIN SECTIONS OF ROCKS FROM THE SIQUISIQUE RE

- to c i "OCK grOups )
{arranged according to their classification 1nto TOCK group

Samples colilected by: G.R. Coronel and E.J.C. Kiewlet de Jonge wMPLE‘NO.
{Explor. Dept., C.S.V. ) —
T i tudy by J. Schilling and E. higgli ‘ Kor=542
Toin section study by (Mingralogical-Petrographical Instliute,
Uﬁl?ﬁrﬁif of Bern, SWitZE**—-iv* Kw-545
IELD TERM LOCALITY - ROCK W?E MIBLRAL COMDOSTIION kw547
FIELD TE BOCALITY
i .“1- -"T‘}')“n ?JinC} E Lo
s Algeu“nes) & I
igneous Los i e 2 o guartz; plceaite 21"
e | é W@%@entlg;ﬁev ’relzca’O {oe
T ) pyroxene,
% acs | .
- By } tr-11
Tgneous coamtast rook Boow " %
Ign. ¢ sedim. Los Algodones ) w-588
ares )
: J
; ne Chlorite,; albite, kw-388
Ign. ¢ chert inclusions Q. La Mocha g &lj&%ﬁ,ﬁﬁﬁiﬁﬁtﬁ' ;
| ' Spilite titanite, quaris, w-389
Tgnecus Q. La Vaca g P il 3
" L T W-556
)
% 81 W
Tgn. ¢ sedim. | g Lss1
yritic bas. ign. 8§« Las ) .
FOrRRY Petbcas ) kv-313
. , -
Schist Q. Chorrerdn ; r~16
& " )
Igneous ) 318
n  Cemino ) "
Le Vaca % =427
7/
Flagioclase; h,ugs
’ ’ & gziemas ; norabiende, urd&%tv‘ .
}  Prehnitized gabbro chloré ypiiizi’l Jiss3g
BT ) calel €, Q * VL
) G ta CQueva 5 ore .
* ® o
] o il % cp‘qys
: e w ;
Tigrita )
. p)
i kL j
)
i ] L ):
| 1
o g S Modim )
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TABLE I - (Continued)

FIELD TERM LOCALITY “ROCK TYPE

Igneous Co EI Fegal )
| ;, "noon " | ;
. : )
o N. of ¢o )
El Regal )
' : )
" E. of ¢o )
E El Regal )
" Q. Las )

Pet: .

etacas ; Prehnitized gabbro

" N. of Le )
El Regal )
, " )
Ign./chert Q. La Yaca )
ER R . )
JE TR " " n )
: )

Hornblende gabbro

tr "

Lst./ign.

Igneous

2]

Séd{ rb¢k with igm,

Volcanie rock |

Los Algodones)
- Baragua®road)

4 1

Qe Chorrerdn

N. branch of
Q: Paganas
Q. Chorrerén

" "

)
)
)
)

)
)
)
)
)
)

: )
Q. La Mocha )

Los Algodones..

Urudure
trail

N. of Los
Algodones -

Gébbro

"Lithic tuffite"

Crystal tuffite

Baraguasroad

MINERAL COMPOSITION

'Plagloclase
hornblende
uralite,. chlorlte.

pPrehnite, calc1te,
T oquartz, ore,

Plagioclase,

chlorite, nornblend%
serpentine, calcite,
ore,

Plagioclase, glass,
d&bris of chert,
.dolomites,

Plagioclase,
chlorite, calcite,
glass,.




SAMPLE NO.

Kw=312
Kw=-317
Kw-393

Cr-22

Cr-36

Cr-35

Kw~618

Kw-601

Cr=10

TKw=602

Cr-3

Kw=320

Cr-33

=23

FIELD TERM

Contact rock
Igneous/shale
Ign./contact rock

Igneous

Diabase on top of

gabbro.

BESGAigno at contact

Diabase on gabbro

ILst. + ign. grains

Igneous

Bas. igneous

Lst./ign.

Igneous

Black -shales +,thiﬁ
1ste.

“Igneous

30k

TABLE I - {Continued)

LOCALITY
Q. Chorrerén )}
)
" " )
)

Q. La Torta )
)

N. branch of )-

Q. Paganas )

)

Los Algodones)

= Baraguya road)

)
)
" " )
® u
E, of Q.
La Vaca

Los Algodones
area

E. of Q.
La Vaca

Los Algodones
area

Q. Recoveco

S. of :
Los Algodones

- Bhragua road

Ios Algodones
Baragua roed

ROCK TYPE

Ophiolite—limestone
compound rock

Chert

Conglomerate

Radiolarite

. Radiolarite

Quartzite-lime-
stone-dolomite
breccia

Quartzite

Organic sediment
with spicules of
spongia and with
spumeilaria with
organic pigment.

Chert breccia

MINERAL COMPOSITION

Plagioclase,
chlorite, calcite,
partly components
of chert.

Pragments of fossils,

of spilite and of
chert. Pellet
limestone. '

Fossils:'
Spumellaria and
Nassellaria.

Components of
“dolomite.
Fossils:
Spumellaria.

Quartz, calcite,
muscovite, Zzipcon,
components of chert:

" DPavis, E. (1918)
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Resumen

Rocas de afloramientos existentes en la regién de Siquisique del Estado Lara fueron
investigadas petrograficamente por medio de secciones delgadas y fragmentos.

Como complemento a los estudios mineraldgicos, en algunos casos se realizaron con
éxito analisis de rayos X.

De acuerdo con los resultados obtenidos, las rocas se clasifican en cuatro grupos
diferentes, a saber:

1. Ofilolitas (serpentinitas, espilitas y gabros)

2. Rocas mixtas calco-ofioliticas (rocas de contacto entre sedimentos carbonaticos
y ofiolitas)

3. Posibles tobas a rocas tobaceas (tobas con material sedimentario)

4. Rocas sedimentarias (cuarcitas, ftanitas, radiolaritas y conglomerados
heterogéneos)

Las ofiolitas efusivas a subefusivas fueron (subsecuentemente, quizas) albitizadas
(espilitizadas) y en parte carbonatizadas, mientras que los gabros intrusivos sufrieron
prenitizacion.

La asociacion de espilita, serpentinita, gabro y ftanita (incluyendo radiolarita) ha sido
observada en muchas zonas deformadas orogenéticamente. En los Alpes Suizos, dicha
asociacién caracteriza a algunas secciones entre las napas orientales inferiores a
peninicas superiores, y especificamente a zonas situadas fuera del gran geosinclinal
peninico central.

Segun las observaciones de campo, al parecer la intrusién del complejo gabroico dentro
de los sedimentos tuvo lugar en épocas del Cretaceo Superior, aunque existe la
posibilidad de que la actividad volcanica continud hasta el Paleoceno.

Summary

Thin sections and rock fragments of outcrop samples from the Siquisique region, State of
Lara, were petrographically investigated.

In addition to microscopical studies, X-ray analysis was successfully carried out in several
cases.

The investigation led to the subdivision of the samples into four groups of rocks, as
follows:

1. Ophiolites (serpentinites, spilites and gabbro’s)

IGNEOUS ROCKS OF THE SIQUISIQUE REGION, STATE OF LARA.

Boletin Informativo de la Asociacion Venezolana de Geologia, Mineria y Petroleo, Octubre 1965.



2. Ophiolite limestone compound rocks (contact rocks between ophiolites and
carbonatic sediments)

3. Questionable tuffs to tuffites (tuffs containing sedimentary material)

4. Sedimentary rocks (quartsites, cherts, radiolarites and heterogeneous
conglomerates)

The effusive to subeffusive ophiolites were (probably subsequently) albitized (spilitized)
and partly carbonatized, whereas the intrusive gabbro’s underwent prehnitization.

The observed rock association of spilite, serpentinite, gabbro and chert (including
radiolarite) has been described from orogenes. In the Swiss Alps, it is described from
some parts of the lower east alpine to upper penninic nappes, and specifically from areas
which have been situated outside the central penninic main geosyncline.

According to field observations, the intrusion of the gabbroic complex into the sediments
apparently took place in Upper Cretaceous time, although it could well be that volcanic
activity extended into the Paleocene.
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Introduction

This report covers principally the results of a petrographical study of outcrop samples
from the Siquisique region (Fig. 1), in the northern part of the State of Lara carried out in
1957 on behalf of Compania Shell de Venezuela by Mr. J. Schilling and Prof E. Niggli of
the University of Bern, Switzerland, to whom appreciative recognition is expressed for
allowing the release of the present account. The translation of the text, originally written
in German, was carried out by R. Blaser.

The specimens were collected by G.R. Coronel and E. J. C. Kiewiet de Jonge during a
geological survey of the Los Algodones and Las Tinajitas areas in the Siquisique region
(Figs. 2 and 3) between May and June, 1956. The accompanying schematic section (Fig,
4) shows the most important stratigraphic and structural relationships across the region.
Particulars on thin sections of rock samples examined are given in Table I.

G. Feo-Codecido slightly modified the accompanying illustrations and edited the
manuscript.
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Regional Geology

(Extracted from Coronel and Kiewiet de Jonge's private report)
Stratigraphic outline

The rock exposures in this region range from Lower Cretaceous to Quaternary in age. In
addition, allochthonous fragments of gneissic and schistose rocks have been found
occasionally along some streams, as well as enclosed by Lower Tertiary shales; these
metamorphics presumably make up the pre-Cretaceous basement complex, which is not
exposed.

The oldest outcropping unit appears to be a quartz pebble conglomerate, no more than
100 meters thick, which is referred to in this report as belonging tentatively to the Lower
Cretaceous Rio Negro Formation. Under this assumption, this unit is followed,
stratigraphically, by a 20-meter interval of sandy limestones with smaller Foraminifera and
Mollusca typical of Cogollo limestones of Aptian-Albian age. These rocks are conformably
overlain by a rhythmic sequence as much as 150 meters thick of carbonaceous shale,
dense limestone and black chert bands, with abundant Radiolaria unidentifiable smaller
Foraminifera and ammonite fragments, all of which strongly resemble the Upper
Cretaceous La Luna Formation elsewhere in Western Venezuela.

Basic igneous intrusive rocks, predominantly of gabbroic nature, and associated basaltic
to andesitic extrusives are found in the Cretaceous section described above. These rocks
appear to belong to a single igneous body, the slight variations in composition being due
to magmatic differentiation at the time of emplacement. In addition, the volcanic types are
thought to represent extrusive flows of submarine origin. Evidence of contact
metamorphism related to the intrusion of the gabbroic body has been observed in some
Upper Cretaceous strata (e.g., along the Los Algodones Baragua road, where samples
Cr-25 and 26 were taken), but in general the contacts are badly exposed due to
weathering and little can be said about their nature; on the other hand, most localities
suggest a tectonic contact (e.g., at the locality of sample Cr-16). North of Cerro El Regal,
diabase tongues extend into the gabbro mass (sample Kw-588), which clearly indicates
a younger age for the diabasic extrusives. The top of the lava flows is generally
characterized by a thin cover of tuffites.

No sediments of Paleocene age have been encountered in situ, but only boulders of
fossiliferous Paleocene limestones enclosed by Lower Tertiary shales (e.g., sample Kw-
613).

Eocene deposits are moderately exposed throughout the region, where they are seen to
occur in fault contact with Cretaceous rocks. These deposits consist mainly of a thick
series of shales with sandstone intercalations; the shales are boulder hearing at several
localities (samples Kw-523, 524 and 525), the blocks consisting of pre-Cretaceous
metamorphic, cretaceous and Paleocene rocks.
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Exposures of mottled clays and fossiliferous Limestones of Oligocene age occur
extensively throughout the region, unconformably overlying all older rocks.

Tectonics

The Los Algodones area is characterized by two main faults; that is, the northwest-
southeast trending Algodones fault, quite evident in the field, and the southwest-northeast
trending Petacas fault, which is offset at several places by minor northwest-southeast
faults. The Algodones fault separates the Oligocene on the south from the Upper
Cretaceous on the north, whereas the Petacas fault separates the Eocene on the nauth
from the Upper Cretaceous on the north. In both cases, the northern block has been
pushed upwards in relation to the southern block.

The predominant feature of the Las Tinajitas area is the southwest-northeast striking
Guacoas fault, which separates Eocene deposited on the south from Upper Cretaceous
rocks on the north. In this case also, the northern block has been uplifted.

Petrography
(by J. Schilling and E. Niggli, private report date 27/10/57)
General Statements

The investigation of the thin sections led to a subdivision of the rocks into four groups, as
follows:

1. Ophiolites (serpentinites, spilites and gabbro’s)

2. Ophiolite-limestone compound rocks (contact rocks between ophiolites and
carbonatic sediments)

3. Questionable tuffs to tuffites (tuffos containing sedimentary material)

4. Sedimentary rocks (quartzites, cherts, radiolarites and heterogeneous
conglomerates)

One representative rock type from each of these groups will be described below. The
sedimentary rocks will be dealt with briefly later.

Serpentinites

Macroscopic description:

The serpentinites are green-black to brown-green, massive and very dense rocks, with
rough fracture surface showing no preferred fracture directions. On wet fracture, the
heterogeneous structure of the rocks can be recognized. Besides the deeply colored
matrix of the serpentinite, light-green irregularly bounded inclusions of cherts of up to 1
cm. in diameter can be observed, and these are also irregularly distributed throughout the
whole rock.
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Microscopic description:

Under the microscope, the rock is typically reticular. Sporadically, pyroxenes of up to V2
cm. in diameter can be recognized; their transformation into serpentine has, however,
progressed to such a degree that their further determination is impossible.

The serpentinite contains disseminated grains of picotite, which however often appear
opaque (even under parallel nicols) because they are covered by an extremely fine film
of ore.

Interpretation:

The inclusions of chert indicate that the intrusion of the ultrabasic magma took place after
the sedimentation and lithification of these rocks, because the inclusions have very sharp
boundaries and consist of quartz only. Allochthonous material, which could be of igneous
origin (e.g., chlorite), is missing. Such is not necessarily the case, however, with regard
to other inclusions of chert in ophiolites; this is discussed below.

Spilites
Two different varieties of spilites can be distinguished, as follows:
a. Carbonatized spilites (samples Kw-371, 372, 521), and
b. Chlorite-albite spilites (samples Kw-340, 378, 379, 552).
Carbonatized Spilites

Macroscopic description:

These are very fine-grained rocks; the grain size averaging ca. 1/10 mm. The color is
grey-green. A fine net of veinlets filled with calcite and quartz traverses the rocks in all
directions and gives it a very heterogeneous brecciated appearance.

Microscopic description:

Under the microscope, albite, chlorite, titanite, epidote, ore, calcite and quartz are
recognizable.

Calcite, chlorite, epidote and ore (supposedly limonite) form an intersertal matrix, in which
are present idiomorphic laths of carbonatized albite and roundish porphyroblasts of
chlorite.

The chemical composition of the albites was determined on the universal stage according
to the method of Reinhard (1931) and also by determination of the maximum extinction.
Values of 3% An (=albite) were obtained by the former, and values of 5% An (=albite)
were arrived at by the latter method. The albite twinning law is predominant, but larger
plagioclases are also twinned on the pericline law.
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Sporadically, pseudomorphs of calcite after pyroxene can be observed.

Calcite is seen not only in the intersertal matrix and in the carbonatized plagioclases, but
also occurs together with quartz as cement of the individual rock fragments. The
carbonatization appears to originate from the filled cracks, since the spilites which are not
brecciated show no carbonatization. Due to the small number of samples no final
conclusion on this point can be made.

Chlorite-Albite Spilites

Macroscopic description:

Macroscopically, these rocks are of a gray-green color, similar to the carbonatized spilites.
They are very dense, homogeneous and fine grained. Rod-shaped plagioclases and
roundish grains of epidote can be observed in a black-green matrix. The length of the
laths of plagioclase is cat 0.3 mm., whereas the grains of epidote hardly exceed 0.1 mm.
in diameter. These chlorite-albite spilites can be distinguished from the carbonatized
spilites by the absence of brecciated structure.

Microscopic description:

The mineral constituents are chlorite, albite, epidote, ore, calcite and quartz.

Chlorite, epidote and ore together form a coherent matrix, in which idiomorphic laths of
albite and xenoblasts of calcite are distributed. The albite laths are arranged in a more or
less radiating pattern.

The plagioclases are twinned on the albite law; however, each lath generally consists of
only two or three individual crystals.

Due to the high degree of decomposition, an exact determination of the composition of
the plagioclases is not easily obtained. The investigation on the universal stage, with the
application of Reinhard's (1931) method, let to an exact value of 3% An (=albite) in one
case only. Other less exact determinations indicated contents of anorthite between 3%
and 10%.

Chlorite is only found in the intersertal matrix; porphyroblasts such as were observed in
the carbonatized spilites are missing.

Calcite is observed in veinlets and also in irregular patches. The dimensions of these
patches, however, barely exceed the length of the plagioclase laths. Under strong
magnification the subsequent formation of fine needle-shaped crystals, supposed to
consist of actinolite, can be recognized at the contact between calcite and chlorite.

Quartz occurs either in veinlets or in inclusions of chert which show diffuse boundaries;
because of this, the inclusions of cherts can only in rare cases be recognized
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macroscopically. These inclusions also contain a certain amount of chlorite. The quartz
and the chlorite of the inclusion were determined by X-ray analysis.

Interpretation:

The diffuse boundaries of the inclusions of chert indicate the possibility that the intrusion
of the spilites occurred into a silica mud, which at that time was not yet consolidated. The
chlorite could have been introduced into the silica mud during the intrusion of the spilites,
on the other hand, it could have been present in the sediment before the intrusion of the
spilites, as a product of older reworked ophiolites. It cannot be decided which of these
two possibilities is more likely to be the case.

Gabbros
These rocks form the bulk of the ophiolites.

Macroscopic description:

With the naked eye, only grey plagioclase and hornblende can be recognized. The grain
size of both the light and the dark minerals is up to 1 cm. The individual mineral grains
are, however, divided into fragments, the size of which does not exceed 2 mm. The
boundaries of the grains are jagged and torn up due to mechanical stress. The dark
constituents were arranged in layers by cataclasis. The rocks are traversed by a close
net of fine ultramylonites, which gives the superficial impression that the rocks are of
much finer grain than is actually the case.

Microscopic description:

The effects of strong mechanical stress are also seen under the microscope
(porphyroclasts of plagioclases and hornblende swim in the finer grained matrix of
hornblende, chlorite and plagioclase). The clastic to mylonitic structure is, however, often
masked by post-tectonical formation of prehnite.

The mineral association is plagioclase, hornblende (partly in form of uralite), chlorite,
serpentine, ore, calcite and prehnite.

The plagioclases are twinned on the pericline and albite laws and they have a dirty and
cloudy appearance due to incipient prehnitization and carbonatization. The twin-lamellae
are often bent and displaced against each other along fracture planes.

The investigation carried out on the universal stage with the method of Reinhard indicated
a content of 22% to 28% anorthite for the plagioclase of the strongly prehnitized gabbros;
for plagioclases of only slightly prehnitized rocks a content of 30% to 37 % anorthite was
found. The originally existing content of an may well, however, have been higher, which
justifies the term "gabbro" for these rocks.
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The hornblende is represented in a slightly greenish and very fibrous variety, which does
not show any pleochroism. The individual fibres are torn into small parts-by cataclasis,
yet their original connection in the grains is still recognizable. The hornblende may well
be derived from primary pyroxene.

The optical characteristics of the hornblende are:
c/ =22° 2V =ca.70°
A (Determined-with the Berek compensator) = 0.022

Occasionally, the hornblende is serpentinized or chloritized; pseudomorpha of calcite
after hornblende are also present. The carbonatization appears to originate from calcitic
patches (or from cracke, which are filled with calcite). Prehnita in stem-like form occurs
together with calcite in healed up cracks. The prehnite was identified by means of the
determination of its optical refraction on uncovered thin sections. For this purpose, a set
of Cargill liquids was applied.

The optical data are:
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The rock is often completely pretnitized, the prehnitization starting from the cracks which
are healed up by this mineral. In this case only isolated relics of fibrous hornblende or of
carbonatized plagioclase, occurring embedded in a coarse-grained matrix of radially
arranged prehnite, can be observed. An X-ray powder diagram of such a prehnitized rock
shows no other lines than those characteristic for prehnite.

Interpretation:

By means of the prehnitization the rock may completely loose its mylonitic structure. The
prehnitization can, therefore, be attributed to a metamorphosis closely connected with the
crushing of these rocks, since the processes the recrystallization originate at the cracks.
Since the cracks may be very young, at any rate younger than the final crystallization of
the original gabbros, it is hardly possible that the prehnitization of these rocks is caused
by means of autometamorphosis.

The prehnitization is a general phenomenon of the gabbros in the Siquisique region, some
90% of all of the investigated gabbros being partly or totally prehnitized.

Ophiolite-limestone compound rocks

The intrusion of the gabbros into lime-bearing country rocks led to the formation of typical
compound rocks. Tectonical origin of part of these compound rocks must, however, not
be excluded; analogies with ophicalcites exist.
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Macroscopic description:

Macroscopically two different constituents can be recognized in the compound rocks,
namely igneous components and limestone. The limestone occurs within the dark-green
igneous rock in form of up to 5 mm. thick, slightly undulated, more or less parallel bands.
These may coalesce and form a layer of up to 1.5 cm. thickness, which after some
centimeter’s splits again into various bands.

The igneous rock between these band forms spindle-shaped lenses up to 3 cm. in length.
If the igneous portions have roundish boundaries they are surrounded by halos of
limestone, which are somewhat coarset grained aa compare, with the limestone of the
band and which are at the limit of macroscopical visibility.

In some instances, the otherwise smooth igneous/sediment contacts may be fractured by
subsequent stress and particles of up to 2 mm. in size produced. The separation of layers
of either sedimentary or igneous material may thus be lost and the individual fragments
occur in a completely chaotic, indentured intergrowth. The discrimination of such
brecciated compound rocks from brecciated ophiolites is then not always possible.

Microscopic description:

Under the microscope, the components of igneous rocks show broken plagioclases,
intensively perforated and corroded by calcite, which are embedded in a fine-grained
matrix of chlorite and serpentine.

Occasionally, however, hypidiomorphically crystalized and comparatively undistorted
portioned of gabbro, whose dark constituents are completely chloritized, are observed
between the bands of limestone.

The plagioclases are twinned on the albite and, sometimes, on the pericline law. Often,
they are carbonatized, so that the determination on the universal stage gave only inexact
values of 25% to 30% anorthite.

Along stringers of the igneous rock or at the margin of subrounded igneous components
the calcite forms xenoblastic beads.

Limestones, which contain great quantities of chlorite-bearing chert material, may also
form compound rocks at the contact with the ophiolites. The precise genetic interpretation
of the described compound rocks is not an easy task and cannot be attempted with a few
samples. Contact phenomens were not observed in the cherts and radiolarites.

Tuffs of Tuffites

She pyroclastic nature of these rocks could not be proven with certainty. They may also
represent sediments with components of igneous rocks.

Two varieties, which are separated by their internal structure, can be distinguished:
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a. Crystal tuff to tuffite, and
b. "Lithic tuffite", whith occurs together with the ophiolites.
Crystal Tuff to Tuffite

Macroscopic description:

Macroscopically, white to reddish grains of feldspar of up to 1 mm. can be recognized,
which are baked together by finely distributed limonite of violet appearance.

The rock is interwoven by a network of fine cracks filled by red limonite. The weathered
rock, therefore, shows a reddish color.

The "tuffite" is slightly bedded, but the limonite veinlets exaggerate the impression of
bedding.

Microscopic description:

Under the microscope also, the rock shows the structure of a crystal tuffite; that is, big
fragments of plagioclase and roundish grains of calcite are embedded in a fine-grained
matrix consisting of elongated plagioclase laths, the whole being cemented together by a
peculiar matrix (glass?).

The fragments of plagioclase are twinned on the albite law. The measurements on the
universal stage gave as a result the composition of an acid andesite with 30% to 35%
anorthite.

Partly, the plagioclases aro slightly sericitized or kaolinized. Some individual crystals of
plagioclase are often covered by a thin film of limonite.

The grains of calcite, too, are often surrounded by a mantle of limonite, so that they
appear almost opaque.

Besides limonite, calcite also takes part in the filling material of the cracks. It is not feasible
to decide with certainty if the rock represents a tuff, in the proper sense, or if we are
dealing with a tuffite. The particles of calcite point to the latter possibility.

"Lithic Tuffite"

These tuffites are composed of clastic material, which contains fragments of igneous and
sedimentary rocks and, additionally, some fragments of crystals.

Macroscopic description:

Macroscopically, roundish to elliptical grains of igneous rocks (up to 9 mm.) and white to
light-gray grains of feldspar (up to 1 mm.) can be recognised. Irregularly terminated
orange-red grains of dolomite (up to 3 mm.) and occasional greenish chert fragments are
equally distributed within the rocks.
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The rock, thus, acquires a very heterogeneous green-orange-red sprinkled appearance.
Bedding can only vaguely be guessed at.

Microscopic description:

On microscopical inspection, it can be recognized that the fragments of igneous rocks
and the sedimentary grains are cemented together by a matrix, which consists of a fine-
grained substratum of plagioclase laths and which also contains big fragments of
corroded plagioclase in the form of skeletal crystals.

The composition of the plagioclase which is contained in the matrix has been determined
on the universal stage, as follows:

35% to 38% anorthite = andesine

Partly, the grains o, igneous rocks are of the same composition as the matrix itself (i.e.,
bigger grains of plagioclase occur in a fine-grained matrix); however, grains of
carbonatized spilites, which again contains inclusions of chert, also occur.

The sedimentary particles, which take part in the composition of these tuffites, are of a
variable composition. In most cases, however, they consist of orange-red grains of
dolomite. These dolomite grains are composed of rhombohedra, which mostly appear
opaque due to a brown limonitic cover. The identification of the dolomite was, therefore,
achieved by means of X-ray analysis.

In addition to the above fragments, chlorite-bearing chert particles and coarse grained
quartzites (containing indentated quartz grains and sericite) are also present.

Sediments

It has been mentioned already that the ophiolites occur in association with radiolarites
and cherts.

In principle, two types of sedimentary rocks can be distinguished, as follows:

a. Rocks, such as radiolarites, quartzites with components of chert, cherts and fine
conglomerates composed of chert and dolomite.

b. Sediments, which besides the above-named rock-types also contain components
of igneous origin. To this group belong the cherts, pellets containing chlorite and a
conglomerate containing fragments of crinoids, pellet limestone, chert and spilite.

The aspect of the sediments is very diversified; generally, the macroscopical
discrimination of dark colored radiolarites or radiolaria-bearing cherts from spilites is quite
difficult.
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Relationship of the magmatic activity with sedimentation: comparison with similar
rock provinces

The following remarks are based exclusively on our investigation on thin sections and
rock fragments. They shall be given here with all reservation; specific petrographical field
investigations would be indispensable in order to arrive at definite conclusions.

Intrusion-or extrusion?

The serpentinites and gabbros quite certainly solidified intrusively (plutonically or
subvolcanically). The sharply bounded inclusions of chert and the compound rocks which
originated at the contact of igneous with sedimentary material are in favor of this opinion.
The spilites, however, probably intruded into not yet consolidated silica mud, so that
submarine - effusive to subeffusive solidification can be assumed. The few samples of
uncertain tuffs do not allow any further statements; they may very well represent
submarine tuffites (i.e., redeposited tuffs).

The association

We are dealing here with the classical association of spilite, gabbro, serpentinite and
radiolarites (cherts) included, which has been observed from many-orogenes (see, e.g.,
the statements made by J.F. Turner and Verhoogen, 1951). This association is of an
ophiolitic character. In many provinces of this kind, rocks rich in manganese are found. It
would be of interest to investigate the existing rock samples of sedimentary origin from
the Siquisique region in this respect. Spilites of a submarine origin often show pillow
structures, which are not always easily recognizable in the field. It would be, of great
interest to know if such pillow lavas occur in the Siquisique region*. The small rock chips
which are at our disposal do not allow any statement concerning this question.

Steinmann (1927) interpreted this rock association as characteristic for an abyssal
environment. According to this author ophiolitic magmas would have intruded into the
deep marine troughs via tectonical planes. Since the time of E. Davis (1918), the abyssal
formation of the radiolarites is doubted by most geologists and petrologists.

The abundant growth of silica organisms could also be explained by assuming an
inorganic supply of silicic acid, which would be associated with the emplacement of the
ophiolites.

The problem was discussed in detail by H. Grunau (1946).

In the Swiss Alps a similar rock association is known from some parts of the lower east
alpine and penninic nappes (e.g., from the so-called "Aroser Schuppenzone"). There, this
special ophiolitic association is not found in the central main geosyncline, but in marginal
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troughs. The ophiolites which occur in the main geosyncline have other characteristics;
spilites are missing there.

A special genetic problem is given by the high sodium content of the spilites. A copious
literature deals with this question. Hydromagmatic solidification, or autometamorphosis,
or supply of sodium out of the sea water, or secondary metamorphosis by circulating
waters (containing COz2) have been mentioned as possibilities. P. Eskola (1946) was able
to show, by means of experiments, that a "spilite reaction" possibly can proceed as
follows:

Naz2CO0s + CaAl20g + 4 SiO2 = CaCOs3 + NaAlSizOs

The formation of our carbonatized spilites could, for example, be reconstructed as follows:
The rocks were fractured by tectonical stress; in the crack’s sodium-carbonate solutions
were circulating, displacing the calcium of the plagioclases and replacing it by sodium.
Part of the calcium carbonate, originating as a result of this process, cemented the
fissures of the rock, whereas the remaining part of it is still present in the plagioclases in
the form of a carbonatic impregnation.

The prehnitization of the gabbros, also, may be explained by assuming a similar post-
tectonical hydrothermal alteration.

Particulars on thin sections of rocks from the Siquisique region (arranged
according to their classification into tock groups). Samples collected by: G. R.
Coronel and E. J. C. Kiewiet de Jonge. (Explor. Dept., C.S.V.).

This section study by: J. Schilling and E. Niggli (Mineralogical-Petrographical
Institute, Universit of Bern, Switzerland)
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