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THE RELATIONSHIP OF OIL AND SERPENTINE IN CUBA §
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Throe oil ficlds and over 50 oil seepages occur in large serpentine bodii
in Cuba. Petrographic study indicates that the serpentine is an alterati
product of peridotite. Field mapping in Las Villas Province, Cuba she E:
that the serpentine is the lower part of a layered sequence of igneous rock
The upper part of the sequence is gabbro, and in some areas a middle a
is present which consists of interlayered gabbro and serpentine. This igneot
oroup appears to have resulted from magmatic segregation. It underlies wate F
laid Crelaceous volcanics and in some areas seems to overlie pre-Cretaceol

metamorphics,

B

e
8]

Field evidence indicates that the entire'sequence ot wvelcanics; serp
and metamorphics was overthrust morthward in the order of tens of mi
durine the post-Cretaceous to pre-Lower [ocene, over a normal marine lim
one section. The limestones in the underlying thrust plate are in part
facies equivalent of the volcanics in the overlying plate and have abunda
carbonaceous material. Later tectonics folded and faulted the thrust pla :
and the overlying plate was eroded away In some areas and preserved {
others. Tt is believed that where the overlying plate was preserved in graber
oil mierated upward from the fractured limestones of the underlying pla
and was trapped in the serpentine. It 1s also theorized that accumulations mg
exist below the serpentine in the fractured limestones. '

':'.
-

[. INTRODUCTION ' -~ |
ch have been discovered in Cuba, four of thé
lies which have never been penetrated. The
. Motembo and Jarahueca were §

Of the six oil fields whi
producé”massive serpentine bo
fields, Santa Maria, Bacuranao-Cruz Verde
discovered by drilling on oil or gas seeps.
oood oil prospects as the Tertia

Althoueh the serpentine areas are not as s as t .
e definite possibilities for st

higch Upper Cretaceous basins, they still hav
low and deep production.

Serpentine, & seccondary mineral is a hydrous ‘nilagnesmm ilhcaéz.f? T
by the alteration of non-aluminous magnesium silicates by the adadition

water. It is commonly found as a mineral In other _rocks, or as large rc¢

masses, such as those 1n Cuba.

v ceologists to explain the origin
oil accumulations. Most opinic
ecularly shaped, massi
hich was deposl

Vany attempts have been made b
Cuban serpentine, and ils role 1 trapping lhe .
are about evenly divided as to whether 1t 1s an 1rr

loneous ntrusive or a labular body of sedimentary origin w

on top ol source | imestone.

3
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Argumenls for the irregular intrusion do not adequately explain seeps
and accumulation of o1l in serpentine bodies surrounded by volcanic rocks,
which by no stretch of the imacgination could be called source rocks. On the
other hand, theories sugeestineg a sedimentary origin for the serpentine are
based on misconceptions as lo its nalure. [For example, serpentine has been
called a conglomerate because of its commonly [ragmental texture; a deriva-
Live of limestone because ol its intermixing with that rock in fault breccias;
and a mud [low without any substantiating field evidence.

The writer believes that neither the irregular intrusion nor the sedimentary
origin is correcl, and that field evidence proves the following points:

1. Cuban serpentine is unquestionably derived from peridotite.

2. The peridotite was part ol a sequence of horizontal, tabular-
shaped igneous bodies which differentiated from the same
primary magma.

3. This igneous mass, together with an overlying clastic-
volcanic facies, has been thrust northward over limestones
which are the source ol the oil that migrated upward into
the serpetine.

4. Accumulations may exist in these limestones immediately
below the thrust plane, in structurally high configurations
of this low-angle thrust contact.

These theories are based on detailed field work in Havana, Matanzas, Las
Villas and Camaeiiey Provinces during four years in Cuba with the Gulf Oil
Company and one and a hall vears as a consulting geologist.

1T Rrecional Grorocy or CeNTrRAL CUBA

Fiocure | shows the location of the oil fields in relation to a paleogeological
map of Cuba. The geological strike roughly parallels the trend of the island.
The same group of rocks and type of structure are present 1in the area of
cach of the serpentine ficlds, even though three ol them are widely separated.

One of the best areas to interpret the origin of the serpentine and. its
relationship to oil, is in the vicinity of the City of Santa Clara in Las Villas
Province. This area lies between the Jarahueca and Motembo fields, ‘and
has oil and gas seeps as well as a record of small production from serpentine.

|

Althouch the serpentine is restricled to one facies belt it has been thrust
to contact with others. For this reason, before discussing the Santa Clara
Area. the reaional eeology of Central Cuba will be briefly mentioned. Paleon-

ical evidence for the ' ned wi lable in a detailed
mlogi(:al evidence for the interpretation outlined will be available 1n a aeta

report of the Stratigraphy of Las Villus Province which will soon be published
by Dr. Paul B. Bronniman, of the Gull Oil Company.
- . = T
Viocene, Oligocene, Focene and in some areas, late Upper Cretaceous

cediments, which are relatively gently folded, overlap a truncated section of
- [ower Cretaceous and Upper Jurassic sediments and as-

Upper Cretaceous,
sociated igneous rocks.




| .
Figure 11-A shows the original deposition of the Cretaceous and Jurassic
beds in a basin which had a northern evaporite facies, a central hmeswn#
facies and a southern clastic-volcanic facies. Serpentine and gabbro underlie,

and are restricted to, the clastic-volcanic facies. Upper Jurassic has not been
identified in the clastic-volcanic facies.

Figure [1-B shows low-angle faulting which thrust the clasuc-volcame buh
northward over the ]lm("-sl()nt’ and evaporite facies. At present these facies
belts are found as remnants and windows of superimposed low-angle thrml
sheets, which strike roughly parallel to the north coast of Cuba.

Figure I1-C indicates the high-angle faulting, which cut the thrust plm e
[t is not completely understood, and may be reverse rather than normal, ﬂ ik
shown.

Figure 11.DD shows peneplanation of the complicated s’tructurm mﬂ th o
overlap by the high Upper Cretaceous and Tertlary sediments. Some of the

high- ..nwlc faults continued to be active throughout the Eocene and
as 10.000" of Ivrt:ur} shales and sand were found in Trans-Cuba, Sancti
~piritus No. 1, in the south coast area of Las Villas Province.

The main evidence for low-angle thrusting in the above interpretation
consists of the definite mleonlolorrlcal proof and lithological corroboration
that although the three faues belts are found out of place from Mr& to sou VAR
they have equivalent age groups. For example, the southern facies is found
north of the central facies in elongate strips. Thus, even though the m'-w"‘im';“ e |
of these strips are high-angle del[w low-angle thrusting must have occurred
10 achieve the horizontal (hnp]a( ement. Further evidence consists af windows
of central facies surrounded by southern facies. Lithologically the facies chan
ces are auite evident as there 1s a progressive increase southward in volcanic
constituents 1n the limestone outcrop Slrl[)h, and an increase suuthwurd iﬂ
volcanice {lows 1 the clastic-voleanic oulcrop sl.rlps. Although Slmp‘-liflﬁ in
this report. the three facies belts mentioned above can be further subdivided
nto seven readily recognized sub-belts on the basis of lithological groups.
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Keeping in mind the background of low-angle lhrusEs with superinposed
hich-anele faunlts, we can proceed to discuss the Santa Clara Area.
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11T Straticrariny or THE SanTa CLARA AREA

- | -
- = ] !
-l | ] " i -
- .‘fﬂ-,__" ' -
. % i | g

Fioure 111 shows the geology of the Santa Clara Area and the parallelism
of the joneous outerops to the strike of the sediments. This is the basis for
ascioning vabbro, serpentine and metamorphics rocks to a place in the stra-

tieraphic u)]urnn.

A. Urrer CreTaceous CLasTics. — Approximate maximum thickness is

5,000, Consists predominantly of thin-bedded shales, sandstones, and
])UI‘H]dIl(UUH and fracmental limestones, Also has interbedded pale-
green, pPUMIceous wifs and some flows. Best exposed in the Seibabo
.\yn(llm, south of Santa Clara. These beds OVt‘rly the volcanics ap-

varently unconformably.
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B. UprPer CRrRETACEOUS-LOWER CRETACEOUS VOLCAN]CS.-—AppI'OXi"mm?
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maximum thickness in excess of 15,000”. The upper part of the mh'i

canic section has dense and fragmental limestones, siliceous shales and

interbedded flows. Massive andesite flows occur at the top of the

section, and are about 700’ thick on the northern flank of the Seibabo

Syncline, increasing to about 3,000” on the southern flank. The lower

part consists of basic, porphyritic, submarine flows interbedded with

[ water-laid tuffs. This lower part 1s nearly devoid of fossils except for
| 1'adiolaria, bul at least part ol the section is Lower Cretaceous. Itia |

about 2,000” thick on the northern flank of the Seibabo Syncline and
12,000” on the southern flank. | |

5 —

C. GABBRO-SERPENTINE GrouP. — Consists of four units, as follows:

1. GABBRO. — Maximum thickness estimated to be 4,000”. (The thick-
ness of gabbro and serpentine are judged from the width of steeply

. dipping outcrop bands). The term gabbro is used to include all
N leldspathic units, and while most of the mass is a true gabbro, rocks
s - identiflied as dolerite, troctolite and anorthosite are also included
in this designation. The gabbro is massive, medium to coarsely
- crystalline, cquigranular, and with a black and white (or green)
" ANGLE Thiust speckled appearence. It forms low, rolling hills, and weathers to
v caur OV depths of 6°-207, so that the only outcrops are in road cuts. It un-
derlies the volcanics, but the nature of contact is not clear. Good
. exposures may be seen on the south edge of the City of Santa Clara.
. 2. GABBRO AND SERPENTINE INTERLAYERED. — Maximum thickness

1,000°, but not always present. This interlayered band is commonly

lound between parallel outcrop bands of gabbro and serpentine,
) and strongly sugeests a eradational contact caused by magmatic
' separation. "The gabbro here is harder, finer-grained and has a
| more sparkly appearance. [t occurs as resistant, tabular lenses bet-
ween swales of softer serpentine, and in many cases has dip and
£ strike conformable to the volcanics which overlie the gabbro. It is
best developed south of the Jarahueca field, but may be seen on
Lthe east and west [lanks of the Falcon Syncline at the gabbro-ser-
pentine contacts. It was not mapped as a unit in this area because
It 1= only a few hundred feet thick.

i

3. SERPENTINE, — Maximum thickness estimated to be about 6,000’.
(A well which drilled 7,285” without penetrating the serpentine at
Jarahueca IMield is believed to have found an exaggerated thickness
in one of these bands). Cuban serpentine is an alteration product
formed by the addition of water to olivine, a silicate of magnesium

and iron. It is massive, translucent to opaque, dark green when '
fresh, yellow-green when weathered. Its luster is greasy to resinous,
[ and the hardness is 2.5-4.0 depending on impurities. Any of the
FIG. IT : serpentine arcas shown on Figure Il are representative localities. ;
'a'

[t has the following characteristics which are typical of serpentine derived .
from periodotite:

o —9—

" ‘.ll% -p
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a. Net-like structure and olivine pseudomorphs.
b. Common occurrence of unaltered periodotite.
c. Occurrence in large rock masses.

d. Close association with gabbro.

e. Presence of chromite and nickel ores.

d. METAMORPHIC AND WAXY SERPENTINE CoMPLEX.—Maximum thick-
ness 1s In excess of the 2,400” found in the Gulf Core Hole No. 8.
The type locality occurs south of Santa Clara where metamorphic
bodies ranging from about 10" to 5,000’ in diameter are found
surrounded by serpentine which is waxier and more sheared than
the reticulate type which apparently overlies this complex.

The metamorphics are gneisses, schists and phyllites, but no marbles
are present. They are believed to be Upper Jurassic in age because
of lithological similarities with known Upper Jurassic metamorphies
in Pinar del Rio. They cannot be younger than Lower Cretaceous
because Upper Cretaceous volcanics overlie similar metamorphics
in the Trinidad Mountain Area. These rocks are believed to be
the lower part of an area where feeders of the primary magma
came up through the metamorphics to {form the present day gabbro-
serpentine body. It is not believed that these feeders are responsible
for this metamorphism, since the Trinidad Metamorphics, only
15 miles to the south, are associated with granodiorite and not
serpentine.

The metamorphics found between the Cretaceous limestone facies
and serpentine north of Santa Clara, cannot possibly be considered
as metamorphism of the limestone since they are non-calcareous.
Lhese metamorphics also appear to be at the base of the overthrust.

D. CreTAceous Limestone Facies. — This group of rocks outcrops north
of Santa Clara, and is believed to extend southward under the gabbro-
serpentine group, below a major low-angle thrust fault. Thus, although
it 1s an age equivalent of the clastic-volcanic facies it underlies it
tectonically.

The thin-bedded limestones, cherts and limy shales present in this
facies have been mapped and referred to as the “Aptychus [Formation™.
Actually, the lithological differences easily permit divisibn into num-
crous mappable units, and the age ranges from Upper to Lower
Cretaceous in the Santa Clara Area, and cven Upper Jurassic further

north. g
. Carcite MEsH. — This rock consists of a porous, sponge-like mass of B
. . . 27 2/ » ) oy -
intersectine caleite veins which are each about 1/16”-1/4" thick. .
Green clay is usually found in the interstices. _ L '-
10— ¢
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Calcite mesh is almost always found on the surface at fault .
of serpentine and limestone, and is an excellent indication of ,
fault contacts. [L.is formed by ground water depositing calcite. in th
fractured serpentine near the contact, and is not well developed ir
cored contacts below about 100’. It has been erroneously mannec
as lava flows by some authors, possibly because of its scoriaceou
appearance, |

L
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IV. STRUCTURES OF THE SANTA CLARA AREA e

-

The structures formed in the Santa Clara Area clearly show the conformity

v . . ® 1 “'E

of the narrow outcrop bands of igneous units, with the overlying volcanics
and clastics. These gabbro-serpentine units are repeated on the flank of e /ery

structure, except for the south flank of the Santa Clara Anticline, where

* i 3

zabbro is only found in small patches. The conformity, elongated outcrog
bands and repetition indicate that the igneous units originally must have had
a fairly horizontal, tabular shape, which was later folded into synclines ¢
anticlines.  The overlying volcanics and clastics have dips ranging from
S07-807 with the majority of them steep. Dips in the Lower Eocene are
mostly below 30° and it is believed to be an overlap which was folded upon
rejuvenation ol the synclines. Because of the massive units and steep dips
involved, it is theorized that the major folding occurred after thrusting.
Consequently, the thrust plane itself may be roughly conformable with the
surface structure. k.

tl.

ke
'y &
™

In the Setbabo Syncline, to the south, formational units are coherent and
repeated Individually on cach flank, in spite of a complicated fault pat

In the HHatillo and Falcon Synclines, to the north, deformation is more

intense and the repetition observed is in the groups of clastics and volcanies
rather than in the formations.

The Santa Clara Anticline is made up of igneous and metamorphic units.
[t has been desienated an anticline because of its position between two syn-
ciies, the nearly continous band of serpentine which surrounds the core of

metamorphics and the appearance of the northwestern end, where the serpen- §
. ; ; . -l e
tine broadens as if it were a plunging nose. | A

A round shaped outerop of Cretaceous limestone facies occurs half way
between Santa Clara and Camajuani, north of the highway. It is sgrrounded |
by highlv deformed, brecciated slivers of limestones, shales, serpentine and §
metamorphics. This deformed belt is surrounded in turn by. serpentine and |
he mvlumorphit-svrpunlEnv unit. The limestone facies is believed to be a
window and the deformed belt around it a large scale fault breccia at the 1
base of the low-anete thrust.

A separate thrust plate of the clastic-volcanic facies truncates the southern
part ol the IFalcon Syneline as well as the southeast trending limestone facies.
This strongly suggests continuation of these limestones under this thrust plate.

Stratigraphic units of the I"alcon Syncline are also present as slivers in
a highly deformed belt to the northeast of the adjacent limestone facies belt. §
Since both belts have equivalent age units, but no similarity in lithology, § .
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this horizontal displacement northward of a southern facies belt (

olcanic) ¢ heat be exnla .d | _ clastic-
volcanic) can best be explained by low-angle thrusting.

V. ORIGIN AND AGE OF THE SERPENTINE AND AsSSOCIATED Rocks

Any theory on the origin of the serpentine must explain ‘certain concrete
facts which are found in the field.

. The gabbro-peridotite mass differentiated from a primary
magma indicating a slow period of cooling and consequently
an inlrusion. |

2. The medium to coarse crystallinity of the gabbro also strong-
ly sugeests slow cooling.

3. The gabbro-peridotite in most areas is underlain by meta-
morphics of possible Jurassic age, and overlain by flows
and tulfs which are Lower Cretaccous or older.

1. At least large areas, if not all of the gabbro-peridotite body
originally had a horizontal tabular shape and a total thick-
ness 1 excess ol 5.0007.

N

Contacts in the field of volcanics overlying gabbro or serpen-
line practically all appear to be faults because of the extreme
brecciation and occasional slickensides which are presént.

6. No contact metamorphism has been found between volcanics
and cabbro-serpentine. However, white, feldspathic porphy-
ritic dikes (trachyte) are found culting across the volcanics,
but not the clasties,

7. No bhasal conelomerates are ever found between contacts of®
volcanics and eabbro-serpentine.

[t is believed that the theory which best explains these facts 1s as follows:

1. A primary magma intruded along the contact of volcanics
overlying metamorphics, digestine part of both and occupy-
ine a fairly horizontal tabular position. Trachyte porphyry
dikes intruded the voleanies. This intrusion occurred in the
middle of the Upper Cretaceous post-voleanie and preclastic
deposition.

2. Medium to coarsely erystalline gabbro and periodotite were
formed by differentiation and slow cooling,

3. When major low-angle thrusting took place, minor fault shp-
pare occurred between the massive gabbro-periodotite unit
and the less competent, bedded voleanies. This obliterated
or covered up the traces of contact metamorphism.

D. E. Flint, J. F. Albear and P. W. Guild, in their excellent paper on the
Chromite Deposits of Camagiiey, Cuba (U.S.G.5. Bull. 054-B, 1948) re-

coonized the igneous origin of the gabbro-serpentine. They theorized south-
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yrized south-

ward thrusting, but there are not enough facies belts exposed in the Camagiiey
area to demonstrate that the thrusting is northward. Regarding the ogigiz
of the gabbro-serpentine, in order to provide a cover for crystallinity and
differentiation, they theorized a sill-like intrusion in the middle of metamor-
phics, erosion of the overlying metamorphics and deposition of the volcanies.
This explanation does not agree with the field evidence since neither meta-

morphics nor basal conglomerates are ever found above the gabbro-serpentine
units.

Other geologists familiar with the problem have theorized that the gabbro-
serpentine body is a huge submarine flow or part of the original basement,
over which the volcanics were deposited. The absence of a basal conglomerate
could be explained by the lower units being lava flows, but the crystallinity
and differentiation of the gabbro-peridotite cannot be explained in this
manner, since the cover needed for slow cooling would not be present.

Many previous interpretations of the origin of serpentine concentrated
on the serpentine contacts with the Cretaceous limestones facies. These con-
tacts were believed to be intrusive and the oil was supposed to have migrated
into the serpentine from the sediments it had penetrated. The writer has
traced many miles of these contacts, and supervised core drilling along them,
without ever sceing anv evidence to support this belief. On the contrary the
following evidence indicates that these contacts are faults.

1. The horizontal trace of most of the contacts are straight lines
indicating steeply dipping planes. Only occasionally are the
low-angle faull contacts exposed.

2. The plane of most of the contacts when cut by three or four
core holes maintains a uniform dip suggesting a fault plane.

3. The dip and strike of the contacts approximates that of the
adjacent limestones as would be expected from drag along
a fault.

The extreme brecciation of the limestones and serpentine
near the contact and the presence of the calcite mesh men-
tioned above indicates [aulting.

M
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5. The absence of any marbleization of the limestone at the
contacts areues against intrusion. Metamorphics are some-
limes present, but they are completely unrelated to the limes-
lone belt.

VI. O1L OCCURRENCES

0il occurrences are numerous in the Santa Clara Anticline. About 1,000
barrels of high gravity- oil were produced from about four wells less than
1,500" deep at Anton Diaz, about 3 miles west of Santa Clara. Gas seeps are
still active there, and one of the wells has been supplying gas to two houses,
since it was drilled in 1940. These seeps and wells are located in serpentine
in the northwestern part of the Santa Clara Anticline.

-
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The Gulf Core Hole No. 8, located in the core of this anticline, produced
o . hy / 10 ) [ : 4 i - - =
.-.ll)(i)ll[ ten barrels '_:)!' 40 AI} gravity, paraffin-base crude oil from metamor- +
phics and serpentine at 240". Many other gas, oil and tar seeps are known |
in this core.

= ¢ R e

VII. RevratioNnsHIP OF OIL AND SERPENTINE

[t 1s believed that the o1l occurrences mentioned above are most likely

migrating upward from an underlying source, because of the following
reasons:

L]

1. The metamorphics and serpentine in the core of the anticline

can be ruled out as possible source rocks. :

2. The clastics and volcanics nearest to Gulf Core Hole No. 8, |
lie 11/, miles to the southwest and [our miles to the north. |

|

3. The structural position of the clastics and volcanics on the |
flank of the Santa Clara Anticline does not favor migration |
into 1ls core.

, 4. The lithology of the clastics and volcanics does not favor !
them as a source rock. | }
L \ !
' The source rock must lie below a low-angle thrust fault bhecause: |
l
L | 1. Faulting is the only available mechanism which could super- |
impose metamorphics on sediments. ¢
t) 2. Northward low-angle thrusting is indicated north of the )
¥ City of Santa Clara by the close contact of abruht facies |
. ’ . | .
t changes, and the northern displacement of a southern clastic- '
| volcanic facies.
W The source rocks are probably the Cretaceous limestone facies which out-
crop north of the City of Santa Clara.
0 1. These limestones are carbonaceous, and have numerous
b showings of ¢as, oil and tar. It is generally agreed that they
© are the most probable source rocks in Cuba, among those
that are found outcropping.
- 2. The outcrop pattern north and east of Santa Clara indicates
pe that these limestones were covered by metamorphics and ser-
t ventine before they were uplifted by high angle faults. It 1s
i reasonable to expeet this same situation to continue south-
ward under the Santa Clara Anticline. a
P4 [t is believed that the low-angle thrust plane itself may be roughly con-
ty formable to the surface structure. If so, accumulations of oil may exist 1In
R structural highs under this fault plane. The reservoir would be fractured |
" Cretaceous limestones or fault breceia, and the cap rock the more 1mpervious

mixture of metamorphics and waxy serpentine.

14—




- Summing up, it is believed that in the Santa Clara Anticline ot
in serpentine and associated rocks. has migrated |y g SR
¥ of Cretaceous limes - ‘ grated upward from source beds
relaceous imestone lvmg below a folded . urce beaq:

which mav have accumulations ' -

: in structurally hj B s os

!:lu!t-phlm'. y gn Canlguran M ne

. - Ja :
Uhe evidence for this interpretation is not as complete aron

serpentine oil fields in Cuba. For example metamorphies on]Y
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one of these fields, <o that in the other fields the lower unitin the thrust sheet

r ! 3 L . ; . ! ' = b v . : Py e
may De serpentine. Nevertheless, enough similarities exist to be reasonahlc.

5
!

certain that the same general relationship found between serpentine
in the Santa Clara Area should be true for these fields. R
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