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ARSTRACT

The Windsor Formation. in north-centval Jamaica,
crops  oult  as a2 100ft  (38Om) sequence  of  terrigenous
sandstones, shales, and micvitic Limestones extending into
the scvhsurface for over 290m. The Windsor Formation
repyresents deposition of a deep sea fan into the S$t. At s
Easin durvivg the late Cretaceous formation of the island of
Jamaica. Depozition occurved in cveoles. Each cvcle is
composed of a  basal conalomerate  laver containing cobble-
sized clagtys, which fines upward into zandstone, then shales
and micritic Limestones. These coyoles may vepresent the
avulgion of submavine fan chammels. Faleocurrent analvsis
reveals the dirvection of sediment transport fo be to the
novtheast.

Compositionally, the Windsor Formation is rich in
volcanic rock fraagments and zoned rlagioclase feldspars,
both indicators of derivation from wvolcanic highlands.
Serpentins, chevt, deep water micvitic Limestones, ryocok
fraaments, and  scarce gquartz present in the Windsor
sediments indicate  an ophiolite provenance. Cement tvpes

present in the sediments include clavs, albite. calcite, and



phvllosilicates. From the cement mineraloaies, the depih of
burial of the sedisents s inferved to be 3000 1o 400014
(1000 to 12060m).

An analysis of the heat flow data calculated fron

]

information supplied by FPetrodamaica's Windsor %1 indicates
a present-day heat flow of Q.%&6HFU. Compared vegionally
with other Caribbean basgins, this wvalug is guite low and
indicates the Windsor Formation to he located in a cool
tectonic basin, the St. aGnn's Basin. Yitrinite refectance
values from Rodrigues (1982) and Fetrodamaica also indicate
the Windsor sediments 1o have had a cool thermal history.
The retrogvaphic findings, heat flow data,
depositional systems analysis, paired metamorphic belt (of
Drapay et al. 1974), are consistent with the hvpothesis that
the St. Ann's Basin represents a Cretaceous fore-—-are basin
with @& subduction zone diepping South or Southwest, aridl
support 1o the regional models kinematically proposed by

3
i a

(e

Ferfit and Heezen (1975
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INTRODUCTION

aTATEMENT OF THE ERORLEN

he purpose of this study is two-fold. First, [k
wi bl describe the lLithostratiaraphy anil sadinentary
patrology of the Windsor Formation, St. Anm's,  Jdamaica.
Secondly, this information will be uged fto intereret aspects
of the tectonic evolutionary history of the St. Ann's Rasin

and thus Turther define the Cretaceous tectonic history of



novthern Jamaica.

Jamaica, today, Lies on the creszt of the Nicaraauan
s, (Figure 1) a subnceanic rvidag that forms the western
extension of the Greatey éGntilles aroc (Arden, 1974, The
Cretaceous rocks of Jamaica. their compositions, and their
envivonments of deposition are a product of the tectonic
activity durina the time of Jdamaica's Fformation as  an
island.

The Windsor Formation, a late Cretaceous tervicgenous
deposit, was chosen for study. The Windzor is lLocated on
the northern coast of Jamaica and forms part of the St.
Avvi's Inliery (Figure 2), The St. énn's Inlier s one of
geveral isolated surface occcwrences of clastic Cretaceous
vocks on Jamaica whose surface aeology is lavaely Focene and
Miocene carbonate rocks.

The Windszor Formation represzents  the lower 1000 feest
(200 meters) of the St. Amwm's Sequence, and it represents
the earliest obsevved deposition of  sedinsnts into  a
tectonic basin, herein named the St. Ann's Basin (Fia. 3X).
It will be shown that sediment deposition consists of
several maioy  high eneray influxes of coarse clastic
materialg into the basin followed by peviods of gquiessance
in which lower enevay, quiet water deposition predominated.
The high energy pulses are vepresented by the coarse
conag lomerate units found in the Windsor Formation. The
gquieter, low eneray deposition is vepvegented by thick shale

-
.
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Figure 2. Laocation of the Uretaceous Iniliers of Jamaica
Cafter Chubl, 19522 . Mote the position of the St fnnt e
Inlier on the north-central coast.






Fiagure 3. £, Ann's RBay study area with ouwtcrop locations of
the Windsor Formation {(designated Kuwl.
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deposition with thin lenses of deep water carvbonates.

I propose the sediments of the St. Anmn's Basin can
provide insioht into the tectonics of Jamaica duvina  the
Cretaceous. Frevious workers have suagested Jamaica formed
during the Cretaceous as a wvolcanic island resultina from
subduction. Howsver, the polarity and stvle of this
subduction have only been previously genervalized. It iz the
cbhiective of this paper to examine in detail the pre-Eocene
Nt s fvnm's Bazin'sz evolution, sed imernt compasition,
depositional svstems, thermal history, and the tectonic

implications of all these factors.

METHODS

alrategy

In order to fully investigate the Windsor, Various
methods for study were employed., First the Literature on

5 raviewesd. Next, a

Jamaica and Carvibbean tectonic models ws

esvelematic Tield analvsis throuah wmaepping and  saapling in

0



Jamaica war completed. In addition to the outcrop samples,
core  samples from Fetrodamaica's Windsor %1 well were
obtained from Petrodamaica 1o comelets the study. The
samp les were gxamined petvographically to determins
compositional ftrends. Heat flow data from the Windsor w1
provided information for 2 thermal analvsis of the basin.
Finvally all of the findings were synthesized and applied 1o

the tectonic history.

Field Analysis

& comprehensive Tield study of the avea was conducted
in the summer of {98Z. This investigation entailed both
mapeing and samplinga of the Windsor Formation. The avea of
study was restricted to outcrops  of excellent sxposure on
and  neay the St. Arm 'y Riwver ginoes funa e veagetation
covered the rocks in all other areas. This study area is
approximately one-half mile (G.8km) wide and  thres miles
4L 8Bk lonag (Fia. 2% I Outcrop evaluation was made of
lateral and wvevtical wvariations of Litholoay, bedding,
sedimentary structures, nature of contact with both
hovizontally and vertically adjacent units, palencurrent
directions, weatherinag patterns, structural featuvres, and
facies geomeltries. Outcrop descriptions of the Windsor are

i@



included in Appendix T.

In addition to outcvrop data, a cove, provided by the
Fetroleusm Corpovation of Jamaica., was described and samp led
(Appendix 11). The cove was vecovered from a prelimivary
drill site (Fiag. 3y prior to the Februavy 1982 spudding of
the Windsor 1. Sfamples from the core extended the analveis

into the subsurface.

Fetyoaraphlic Analysils

Selected representative clastic rocks were slabbed,
thin sectioned, desaoribed, and  point-counted in  thin
sections for a minimum of 190 points (over 90X were counted
for over {150 to determine guantitative mineralogical
pevocentaoss and textural chavacteristics (Appendix TT1). [l
point count for 100 points has 4% to 974 ervor and 150 points
hag an erroy rvanaing from 3% to 7% (Van dec  Flag and Tobi,
1945 for the compositional pevcentasaes in the Windsor
Formation. The carbonate rocks from the Windsor were named
using both Folk (L9393 and Dunham (1%42y classificatiaons,
while the clastics were classified accovdinag 1o the Folk

svstem (19808, Using the minevalogical percentages from the

clastic rocks. a variety of compositional trianales were
constructed fo define and chavacterize the vanage  of



compositions.

Felative roundness  of grainsg wags measuvred by visual

»

estimate using Fowar's (4953 chart. Grain sizes were

.

measured by use of a calibrated micrometer. fverage arain
size messurenents  (phi 50 for each winsral in  the thin
section were made. The deares of sovrting (&) was estimated
using Folk's method (4980 of measwring phi 146 and phi 84

and computing:

plti 16 ~ phi 84

-

Folk (19553 found the arvor in oestimating arain sizes is
@.092, the ervor i voundness estimation (5 0.3%, and the
ervor in estimatine sorting to bhe ©.03. These wvaluess are
noted from individual arain measures.  Thin sections may not
vield totally accurate nor precise soviting and ryoundness

measures, but may be used ars an apcpvoximation.

Thermal Analysis

A oanalysis  of the heat flow of the ares was made
usinaga thermal data provided by Fetrodamaica from the Windszor
al . & bhottom hole temperature, covrected for down-hole
civeculation times, and a present-day heat flow wvalue were

1")

o



made available. This heat flow value wags then comparved wiith

cither Carvibbean heat flow measures., Also included in the
study ave witvinite vreflectance valuss (Rodrigues, 1982

fyrom  the shales of the Windsor Formation which toaether
provide important constraints uron  the thermal history of

the basin.

13



TECTONIC SETTING, A REVIEW OF THE FREVIOUS LITERATURE

INTRODUCTION:  SERIMENT COMPOSITION AS A IECTONIC RECORD

An interpretation of the OCretaceous tectonics of
Jamaica must include a discussion of plate tectonics. The
Caribbearn region is presently made up of a series of plates
and microplates: the North  dAmevican plate, the South
fmevican plate, and the Cavibbean micvroplate (Fia. 1). The
Caribhean geoloay of today, as in  the past. s largely
aoverned by the movemsnts of these plates. In the following
section, the wvarious theories proposed  for  Cavibbaan
tectonics during the Cretaceous will be veviewed.

The regjional tectonics of Jamaice during the

1

Cretaceous ave of iopovtance in decipheving the settinag of
the Windsor Formation sediments., The petrology of these
rocks should provide insiaht into the tyvpes of sediments
deposited in the St. Amn's basin and additionally constrain

the tectonic settina, i.2. polarvity of subduction.

i4



Kryming (1948 first proposed the concept of
sandstone composition and its relationship to tectonics. He
proposed that tectonic activity was ultimately responsible
for exposing rocks at the surface. Krynine postulated 2
relationship between intenzity of tectonic activity and
ariginal depth of the rocks exposed at the surface: the
agreater  the tectonic activity, the greater the original
depth of the exposed rock. He postulated that undey guiet
teclonic conditions, sedinsntary rocks  would provide  the

debris for sandstones resulting in the sedimentation of

3

orthosuvartzites (quartzarvenites), Compressional tectonics
such as  folding  and thrusting would coreate  low-arade
metamorphic vocks such as slates and phyllites, Evaosion of
these rocks would vesult in rooks rich in metamorphic rock
fraaments (called phyllavenites todav). Vartical tectonics
provided granite and aneiss  as  sources for arkoses.,
Althouah Tthiz theory i hiahkly siaelified, it marks the
first sianificant attemnpt at relating tectonics to
sedimentation.

Yarious authors have since noted sandstone
compositions may be diaanoztic of tectonic seltinasz.
Dickinson and Suzeck (1979) studied provenance tvepes of
sandstones, dividing them into three gensral aroups: the
continental block. the maamatic avo, and the vyeoveled
oroaen.  Using data from other authors, iv addition to theiy
o, they were able to  suggest provenance tvepes dictated

15
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Figure 4. Trianoular diagram illustrating the minsralogical
differences betwssn fore-avec and back—-avrc fagins in  the
Facific Norvthwest (from Galloway, 1974).
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SUMMARY OF FREVIOUS WORKS

Flate Motiong

Work by LeFichon and Fox (92742, modeling the cpening

R

of the North atlantic, included a discussion of the
formation of the Caribbean. They postulated the Cavibbean

and Guif of Mexico were formed by the genevation of oceanic
crust as Novth and South America moved away from each other.
They susaested this ocsanic crust had been completely
created by the end of the Jurassic  and latey movements
between Norih and South Amevica aftiected only the marains of
the Carvibbean.

The LeFichon and Fox model incorporated plate
movesnsnts from only the North and South Amevican plates in
theivr model. Ladd (1976), howsver, believed that Cavibbean
gegloay canmot be explained by the sinple plate movesnsnts of
only North and South America. He sitressed the need for
additional plate interaction. Aocovding to his  wmodel.
duving the early Cretaceous (Malanainin to Coniacian), South

£

gaeyica split away from Africe, producing a left-lateral
styike-slin component  of movement in the Carvibbean. The

19



Greatey Antilles experienced pre—-aAptian andesite volcanisnm
which Ladd attributed to 2 possibile subduction zone. He

believed all of the plate wovement at this time

M

ould not be
explained purely by simple strike-slis movemsent between two
olates, Instead, Ladd interepreted his plate notion data to
indicate subduction of the northern mavain of the Caribbean
plate hensath the Greater Antilles from the Coniacian until
the end of the Eocene (Fiag. 5.

MacDonald and  Opdvke (1972)  attempted 1o interprvet
the plate movements about Jamaica from palecwsanetic sites
in North and  South dmerica. Fraom this information, they
suggested Jamaice's Cretaceous paleolatitude was less than
6% ®N, and that since the Cretaceous Jamaica has mowved

northward to a latitude of $8°N.

Crustal Character

Burke et al. (1978 gstudied the unusually "buovant"
nature of the Caribbean orust. They prorosed that if South
Amervica was  attached to Africa during the opening  of the
Central Atlantic in  the Jurasgic, the Caribbean ooceanic
crust must have been produced between Norith Anevica  and
South Ameyica. Burk@_iiuii: alego noted the Caribbean ocean
floor is presently at a depth of 1 to 2km, howswyey ,  fyom

20



Figure 5. Ladd's reconstruction (1976 of relative plate
motion in the Caribbean. "J" represents Jamaica.
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saltic Cretaceous ses

fix

thermal cooling considevations. a b

floor ghould have subsided to 5 or ékm  (Sclater et al.,

ik d TP Thev also noted the thicker than novmal oceanic
crust 1% to 20 km) demonstrated by seismic refraction

studies by Edaar et al. (19741 and Officer et al. (19590 .

Burke &t b attributed this unusual thickness and
fartificial® elevation to a basaltic sill ewvent occurring
about 899 my aago.

The unusually buovant nature of the region relative
to novmal oceanic crust would make it difficult to subduct,

43
f}

and 1ts arvival at a subduction zone could have vesulted in

& chandgs of subduction polarity (Dawsy, 1977) oy even the
cessation of subduction. Indeed, Burke ot al. sugaested

the arrival of this altered crust at the trench terminated

the converagence in the Eocene (Fia. &) . This subduction,
they postulate, involved normal ocean floor. Burke et al.'s

theory (Fig. 7) proposes the pre-FEocene subduction of normal
Caribbmsan ocean Tloor fremsath Jamaica  and southern
Hispanola. From a review of petrologic data from Hispanola
by Wassal (1957), ophiolite ages, andesitic volcanic units,
and aranodiorites, Grippi and Burke (§1978) proposed another
subduction zone, diepina to the south and conzuming Atlantic

ocean orust bevneath novthern Hispanola and Cuba. Burke ot

al. postulated that this subduction occurred at a trench-
trench-trench triple Junction or some more complicated
gauivalent. Witn the arvival of the thickened

oy
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Fiaure 6. Burke et al.'s veconstruction
unusually buovant nature of Caribhean oceanic
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Fiaure 7. Model proposed by Burke et al. (1978) for Late
Cretaceous subduction. Mot e the novthward-dipeing
subduction zone bevesath Jamaica.
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Caribbean crust, a chanag in motion from pure converaen

left-lateral transform antion occurred.

Theovies for Jubduction Folarity

Althouah most workers agree that subduction occurred
in the Caribbean region during the Cretaceous, the polarity
and style of this subduction is a debated topic. In the
followina gection the various theoriss proposed by different
authors for Jamazica's Cretaceous history will be reviewsd.

From a study of the Hanowver Inlier, an outcroppina
sedimentary  basin in Western Jamaica. Grippi and Burke
(1978 modeled the subduction of the Caribhean reqion as a
@il ther southward-dipping or a northward-dipping subduction
Z0NE during the Cretaceous. They interpreted the
depositional svstems of the inlier as a submarine fan
complex in  an upper slope basin setting with an inferred
dominant paleocuwrrent dirvection to  the Northwest. In
contrast to findinaz from the $t. Ann's study, neither
detrital qauartz nor in situ wvolcanic rocks (ash) WET e
reported in theiv analvsisg.

Malfait and Dinkleman (1972) advocated a northward
dipping subduction zone as the mechanism for the Cretacenus
formation of Jamaica. These authors envisioned the

iz
&0



Caribbean plate as part of the East Pacific plate that broke
off from the main Facific plate. The authors postulate
Jamaica a5 having originated in  southern Mexico and was
Later rafted into its prezent position by transform motion
beginminag iv the FPaleocene (Fig. 8.

Walper and Fowett (1274) support Malfait and
Dinkleman's theory in  that thesy too proposed & northward-
dirping subduction zone (Fiag., 9). They sugaested that as
the HNovth American plate rotated clockwise and separated
from the South Awmsvican plate, part of the FEast Facific
plate was saueezed between the two plates and into the
prasent Carvibbean area, Ag the East Facific plate moved
into  the Caribbean region. pressure from this movement
forced the penisula of Central America esstward inte its
present arc confiaguration.

Svkeys et al. (1982 conciuded that subduction

s the North

&1}

ooourved in the Cavibbean during the Cretaceous

Amevican plate was subducted until late Eocens when buovant

1

o pryoposed the

1

oceanic orust halted the subduction. They al
Caribbean ocean crust to have oriagainated as part of the
Facific plate and not from the Atlantic or the Gulf of

Maxico. Thig is inferred from the saszterly movement of the

0

Carvibbean at a wmoderately hiagh velocity relative fo the
AMET I Cas.
Ferfit and Heezen (19782 proposed  an  alternate

dirvection of subduction Trom kivematic coviziderations.

a7
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Fiagure 8, Malfait and Divkelman's wmodel (i974) of Caribbean
plate movements in the Cretaceous.



Caribbean—East-Pacific Plate -




Eidare 9. Walpey and Rowsett's veconztruction (4§97 of
Cretaceous plate movem=nts in the Caribbean.
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Their theoretical model beains with the clockwise rotation

of Scuth fAmerica with respect to North America. This
movenent reszulted in compression at  the novthern plate
boundaries and subduction at the southern boundaries (Fia.
1. It is this subduction to the South, thevy believe, that
formed the island of Jamaica.

Horsfield and Roobol (1974) sugassted a subduction
divection to the West or the Southwest. They cite the
existence of a possible paired subduction zone from two
contrasting belts of metamorphic rocks (Draper et al, 19763
and the restriction of ultramafic vocks to sastern Jamaica.
In more detail. Dvapey fj fﬂ: (1974) examined the
metamorphic facies of Jamaica in  an atltempt to assess their
tectonic sianificance. Thae authors studied the Mount
Hibernia Schizt  and the Westphalia Schist, two spatially
different but genstically inter-related wmetamorphic rock
unites. These unitys ave two contrasting metamorphic belts in
Jamaica  separated by approximately Zkm  (Fia. 11). The
gartern Mount Hibernia Schist containsg alkali amphiboles,
stilphnome, crossite. and viebeckite. Conspicuously absent
are  hiaher tempsrature minerals., They interpret this
minevaloay as charactevistic of a2 Low temperature, hiah
preseuye  metamorerhic facies, T  the West, Westehalia
Schist, on the othey hand. containsg guartzo~feldspathic and
rocks representative of a highey grade epidote-amnphibolite
facies and amphibolite Tacies mineraloay (Kemp. 1971). These
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Fiagura {0. Fearfit and  Heeszen's wmodel (4978) of fate
Crefacenus Carvibbean subduction. Y represents Jamaica's
location.
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Figure 11. Location map illustrating the two constrasting
high-tesparature  and low-Tesmperature metamovphic belts i
southwestern Jamaica (from Drapery et al., 1976).
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facies ave representative of a hiagh tesperziure, Riah
P s s Y metamovrehic facies., Incoveovating this
informatiron, Drarer et al. inferred the FMount Hibernia Schist
avid the Westphalia Schigt to rvepresent a paived metamorehic
Belt in Jamaica during the Cretaceous. Myvashiro (1973} has

noted in Civoum—-Facific reaions  that the high-preszzure belt

“tion with the low

o
o=
™

s usually on the oceanward side of sub

pressure paived belt to vepresent  volcanic activity iToan

island arc or a continental mavain., Conseguently, Draper et

al.'s obrevrved association in Jamaica geometvically zuaaests
a southwestward dipping subduction zone in eastern Jamaica
durina the Cretaceouns.

Ay s evident from  the preceding discussion., almost
every possible dirvection of subduction has been propozed for
Jamaica. This study will examine the sediments of the

Windsor Formation, perhaps the key to solving the problem at

least for Northern Jamaicsa.

e
e



FIELD ANALYSIS

INTRQRUCTION:  GENERAL SIRATIGRAEHY

The Windsor Formation consists of a servies of
alternating conalomerates, sandstones, siltstones, shales,

and micritic Limestones. These sediments repyesent
deposition into the St. At s tazin during the late
Cretaceous. Frevious studies (Chubb. 1959 Cowan. 1280 ;
Meverhoff and Kriea, 1977 have aenevalized the depositional
systems and constructed a schematic stratigraphic column
tFiq. i2),  One maiov purpose of this study is to define in
greater detail the depositional svstems of the Windsor
Formation based on an  intensive field study. The fisld
chsevvations are veoorded i the following section.

Fetroloaic data will be invcluded in the descrviption of the

in

tratiagvaphic column.

40



Fiaure 2. Gensralized stratiarvaphic section (from Chubb,
1959) of the St. Ann's Seguence. The Windsor Formation
forms the lower portion of the section.

419



alelo[rer

ot

\]
"

000
onin|.

il
0
0

®3P S 0D o

Erowvn conglomerate with p2sbbles of

Purpie shz=le cley
Sluish srhz2le clay

Diczoriyxis eic.
Bzrretiies 2 -]

e Fom e
~-mesion

o

Cascede conglomeraies

Crey-brorm =
Conglomerate

¥ossil herizen

gquartz,porphyry and Cretzceous limestone

U°551\e conclomergts ,peoop bgvd“o
trey sanCcsicone and cohgliomerates
Shzley “Limesicne




w JEUCTUEASL SETTING

The St arvim's Fazin har undevaons post-Oretaceous
folding into an anticline (Fia. 37, similar in ovientation
and gtvie to the Hanover Inlier on the northwest cozzt of
Jamaica (Grippi and Burke, 19781 . Baoth of these sast-west
trending anticlinss, along with similar fTolds alona  The
novthern coast, represent post-Cretacecus deformation with a
general north-zouth rveaional mazxinmum stress divection.
These anticlines may have formed stemming from difficelbty in
subductinag  the buovant oocean crust. These findinas  ave
covisistent with the Burke et al. (41278) hvpothesis mentioned
praviously.,

The Windsor ocropsy out on both limbs of the anticline.
Seveval small-zcals veverze Taults WerE recoanized i1
outcrop. Interestinaly, one maioy reverse fault seen in
outevopr (Fig., 3) but heretofore never mapped wags confirmed

orn seimic data provided by Fetrodamaica (Fig. 13).



Figure 13 Crossectional view of seismic data
interpretation by FeltvroJamaica. The locations of the
reverse faults ave marked.
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LITHOSTEATIGRAFHY
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The predoninant depositional festures observed in the
field are several maior units sach consisting of a basal
conalomerate, followed by sandstones, giltstones, and
shales. The stratigraphic column (Appendix I} details the
rock sequence described. The followina description of units
will be made  from this stratiaraphic ol um. The
percentages  indicated represent the total per cent of
constituent for the entive thin section.

The lowermost portion of the Windsor obszevrved in
outcrop i s an  eleven metery  sequence of alternating
sandetones and shales. These beds vary in  thickness from
0.55m to 0.05m. The sandstones ave massive and exbibit many
fracture veins infilled by calcite and arve weathered arvav.
The shales are very thinly bedded (about §.0mm), fissle, and
wealher to a blusish-arav. The contact betwsen the two

lithologies is sharp with scour surfaces at the base of the

]

e

sandestones., Several of the sand bodies display 9.%m by 1.20m

“

channe | profiles with tateral pinchout on the marains

46



(Fig.d4), These sands are laterally discontinuous,
axtending onlv about one meter, appear well sovted, and are
Massjve,

Sample W-12-1a, a coarse silt: micvritic mature
vaolcanic arenite from one of the sand-sized beds. [y
pradominately volocanic vock fraaments with minoy guartz and
feldspars. The feldspars are gensvally too altered to
determine specific wvariety. The zample s well-zoried |
=@, 4 and fine-grained. The rock is cemented by a micvitic

calcite cement. Othey sandstones in this same sequence show

agreater amounts of feldspar {(W=12=2C, fine sandstone:

immature feldspay-bearing Lithic avenite). The shales in
the sequence also contain wolcanic vock  fragament and are
plagicoolagss vrich with a clay matrix. They have a similayr
mineraloaic composition o the sandstones, the only
digtinction beinga the finer arain size. Some of  the
sandstones are calcite cemented while others have a clay
matrix.

This alternating sandstong-shale sequence is capped
by a O.8m carvbonate. This rock ig a medium calcavenite:
feldspar-volcanic rock fraagment-beaving foram biomicrite

(Teldspar-VRF fosgiliferous mudstone). The rock containg 7%

L

foramini feral fosszils and winoy amounts of VRFs, but a larcge

amount of feldspar (36%),

A fairly thick shale sequence overlies this bed. The

shale is hlue—aray, fissile, thinly beddead, and hiahly

47



Fiagure 14. Frounced chamel geometry in sandstone beds
(locality W-12).
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fractured with calcite infillina the fractures (Fia, i%).
The uppermost portion of the shale contains cobble-sized
clasts supported by the zhale. The pebbles are disoraanized
with an oren framework and no gvading indicating the upper
part of the shale to bhe a debris Tlow (Fia. 16).
Fetroaraphically, the aftorementioned unit i s a fine
sandstone: micyvitic mature arkose and 5 in the finse =il

£y ey
..> o

category. The rock examined, (W-13-1d?). contains ahout
feldspar with minor opaduss. The other percentaae of the
rock is @ wicvite cement., clay, and vein calcite. Thea
feldspars  are  wvery  fine-arained and often alterved 1o
calcite. The rocok s owvery well sorted (o = 0.2).
Stratigraphically equivalent 1o this shale is an  ash flow
that ocococurved in the northern part of the basin. This ash
flow is now completely altered to clav. VYolcanic bowmbs can
be seen in outcrop (Figa. §7).

A petroarvaphic analvsis of the debvis flow clasts
reveals them to be volcanic rock fraaments. The composition
of W—-13-1c2 is 39% unaltered plagioclase, 1% MRF, O one per
cent  opagues  and 284 altered aroundmass. This s a
porphyvitic janeous vock with plagioclase and mafic minevral
phenocrysts in a formerly volocanic alass aroundmass that is
now clav., The plagioclases have some alteration to calcite,
and many display pronounced zomnation. The phencorvsts which
are not feldspar weres once amphibole or pyroxens  that has
now altered to hiotite or chiorite.

£y
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Fiaure i&; Rounded wvolcanic cobble~sized clasts in  the
nppey portion of the shale unit {(laocality W-13).






Fiagure 17. fAsh flow with volcanic bhombs now totally altered
to clay (locality W-10).
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Overlying the shale is the first conglomerate unit.
9.7%m thick. The pebbles found in this conalomnerate are
gimilar to those in the underlyina shale. At the lLowsr
contact, the chale appears to have undevaone zoft sediment
deformation (Fig.18). The conalomerate consists of cobbles
boulders of vaviable size survounded by a clay matrix. The
pebbles  are poorly  sorted but fairly well rounded.
Weathering has removed much of the clay, leaving the
cong lomerate very loosely cemented.

The petrology o f fhe over Lyinag Litharenites
conglomerate is similar to the clastis in the shale, the
clagty being composed entively of volcanic rock fraaments.
Sample W-14-132, a clast, has about 25% feldspay plus 29%
alteration of feldspar to bauxite, both calichite and
gihbzite. The rest of the vock is clay aroundmass giving it
a porphyritic texture. The bauxite alteration takes on the
shape of the feldspar arain. Sample W-i4-1ai, too, consists
mainly of plaasioclase microlites and a clay aroundmass., The
feldspars have minor  gibbsite alteration. Feviocline
twinning anales of feldspavs indicate compositions of &ni’?
and Andid (Kery, 49T Only about three per cent of the
feldspar ig  altered 1o calocite v thig thin section.
Because of the wvaviation in size of the coarse clasts, the
unit is very poovly sorted,

The conalomerate bed is overlain by a thin sequence
(0,4m) of szandstone- pebble covolomevate-sandstone. The

8



Fiaure 18. Soft sediment deformation of shale duvinag
deposition of the owverlying cobble-sized conalomerate
(locality W=33).
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lowermost sandstone is  laminated., ©@.fm  thick., and well-
sorted, A pebbly conglomerate follows that is  about 0.2
thick, and is noticably finer than the coarse conglomerate.
Farther up in  section a ©.im nonklamiviated sandstone
autfcrops.

The next depositional unit is  another coarse
condlomerate bed 3.4 in thickness with chamel geocmetry and
a soouwred surface. The conalomevate is similar in lLithology
and beddinag chnaracteristics  to the first volocanic
Lithavenite., W—-14--1¢ s a samp Le  from the ssoond
conglomerate bed. Although not as coarvse ax the preceding
cong lomerate, it s=till hasg an averaoge avaiv size of 2.38mn.
The deposit is very poovly sorted with VRFs as the most
commonly coourving constituents (704 with 7% feldspar and
Za MRFs.  The rvocok has a clay matrix (19%). UOne of the VRFs
has  a aveat deal of calichite alteration (94 of thin
section). The calichite probably represents alteration of
the feldspars phenocrysts.

The uppermnost conalomerate is overlain by a sandstone
hed (.3m thick?) which exhibits laminated bedding and soft
sediment deformation. The sandstone bed is  deformed
pyrobably from the post-depcositional weiaht of the overlying
conag lomerate bed, the thivd coarvse conglomerate. At the
base of thigs overlying conglomevate bed (lLitharenite) are
mud clasts (Fia. 19, perhaps yip-up clasts from some
unipreseyvved shale unit. These conalomevate beds, similar in

L@



Figure 19. Weathered mudclasts and sandstone clasts at the
bage of the conalomerate (locality W-14).
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Litholoay, represent  the similary pulses of coarse clastic
material into the basin.

Following is another sandstone-shale seasuence (8.5m
thick). These sandstone beds stand out as small resistant
ridaes in  thse non-resistant shale (Figd 203, The
sandstone beds ave fine to wmedium arained, massive, and
Commor iy less  than G.% meters thick. The shalesz are
fissile, arayv-blue, and have several calcite veinsg running
throuvahout. A fracture (or small-scale fault?) vuns through
the shale. These sandstones tend to fine upwards to shale.

Fetroaraphical Ly, a medium  sandstons: Pmmature
feldspathic Llitharenite unit, W-1é~1b. has 34% feldsear, 39%
Volcanic rock frasments, and a clay matrix. The sample ig
moderately sorted with & &=1.0. Eight percent of the rock
ig rerpentine and it also containg minor chert (1%). Sample
W-%-%2bh. a very fine sand: mature microspar— cemented arvkose
has constituents of 74% feldspar, one pey cent aquartz, thres
per cent sevpentine., three per cent opasue minerals, and is
cemented by micvospar (18%). The sampele containg calichite
alteration and hasgs at least one fossil fragment (%), The
sample s moderately sorted (9=0,7%),

The remainder of Windsor consists of very thick shale
unites with occagional micvitic Limestone and thin (less
than ©0.5%m) sandstone beds finina to shale. These shales are
non-resistant, Tigeile, and similar to those zeen In lower

sopotions. These Limestones and sandstones are fine-arained
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and form small resistant ridoges in the shale. The thick
shale sequence of deposition continues until about the upper
10w of the shale when coarse cobble and boulder size clasts
appear in the shale. This shale unit is terminated when the
Cascade Formation, a coarse conglomerate unit beains.

Samp le W-18-id is veprezentative of this thick shale

deposition. The rock contains 84 quavtz, 28% feldsepar, 8%
VYRFs, 24 serpentine, 5% opaques, and 1% MRFs cehlorite).
The medium SEbT s immature apajue-hearing arkose is
relatively uncenented with a matvizx of clav. Throvahout

this shale sequence ave bhiomicrite (mudstone) beds. W-18-1c

iz a sanple from one of these beds. The sanple i 5
ctlassified as a plavicclase and  VRF-hearing micrite

vplagioc lase-YRF mudstones), containing  about 3% relatively
una l tered feldsrar and 24% highly altered VRFs with the

remaining 4% micvite cement and clavy.

3]

Hiagher up in the section, isolated sandstone beds
beain to occur. W-19-2c, a fine-grained immature arkose, isg
a rvepresentative sample of these beds. The sample contains
about 39% feldspar, with subequal amounts of plagioclase and
cvthoolase, minoy opagues, and a clay matrix., W-19-292 is a
coarse giltstone: immature chiorvite-cemented Lithic arenite
slbightly hiahey up in the section that also occurs as an
isolsted bed within the shale. This sample has a minevaloay
of 48% feldspay. 164 VRFs, 5S4 MRFs (mostly serpentine)., &%
clav, avied 3% calichite altevation. Ovie interesting aspect

&b



of this sample j& what appears to be the beainnina of
phyllosilicate cement.

Following ig & long sequence of shales and

hiomicrites (mudstones) with occasional siltstone beds.

W-20-1h is one of the thin beds. The sample is classified

a mediun siltstone: calcitic immature MRF-bearing

&3]
15

felspathic Litharenite. The sample hags 153% feldspar and 26%
VRF s with 5% MRF s (altered-to-chlorite-and~-hiotite
pyvroxenss, amnphiboles, and olivines)., There are about 30%
clay arains which are probably alteration of VRFs. Samp Le
W-21-1a ix a coarse sgiltstone sample that has a3 sliahtly
different wmineralogy (arkose) about 694 feldseay (foo

altered to determine variety)., 249% micrite cement, 7% clavy,

Y e

and 3% orpavsues. The sample is very wall sorted also. The

14

two  giltstones vepresent the slightly coaveser deposition
into the basin.

Samples W-22-1b and W-23-3a are rvepresentative of the
deposition in the upper part of the Windsor. Sample W-22-1b
i a feldspar MREF-bearina foraminifera biomicrite ( feldspar
=MRF-=foraminifera mudstone) with 22% feldspar. 4% MRF., and
the rest calcite (micrite cement). Minor  foramini fera
fossils occur thoushout the thin section. About half of the
feldspars are altered comneletely to calcite., Sample W-23-3a
ig a fine arained sandstone: immatuwre foraminifera-bearing
arkose containing 49%  feldspar, 6% quartz., 3%% clavy., 6&%

ORajues, and 4% fossils (foraminifera). Ttg arain size |
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0.03 (fine-arained). The clay ooours as a malrix. At the
top of the section, coarse clastys which arve completely VRFE
beagin 1o appear until the Cascade Formation is reached, the

over lving conglomerate unit.

Corve Litholoay

A core provided from a preliminary drill site of the
Windsor 1 enables the extension of the Windsoy Formation
inte  the subsurface. The core samples and retrogvaphic
gamp les  will be described in the following section. &
comp iete  stratigraphic section of the cove with sawmple
locations g comeiled in Appendix 11,

Deposition of the Windsor began with twoe ovoles of
pehble conalonerates fining to gsandgtones, then shales. and
coarsening  to sandstones and  pebble conglomsrates. The
pebble conalomervate beds ave typically O.5m and 0.6m thick.
This tyepe deposition continues for 7.%wm where the pebble
cong lomeyate (s absent and instead depozition conzists of
coarse, medium, and fine sandstones., and shales.

Sample C-148 is  taken from ons of the fine sandstone
beds which s 0. i%mm in arain size and moderately sorted.
Compositionally the unit is composed primavily of volcanic
voack  fraaments and thus classified asx a fine sandstone:

b8
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metamorphic rock fragment-bearina volcanic arenite. The
gample s composed of 1% quartz, &62% wolcanic ryocok
fragments, 19% metamorphic rock fragments, 1% feldspar (all
plaaioclase), 2% chert, and 14% albite cement.

After 10.8m the coarse sandstone is no longey present
and alternating medium sandstones and shales predominate.
These sandstone beds ave 0.3m  thick with the shale beds
about 9.7 to O.8m thick. The zandstones arvre brownish with
calcite veins running throughout. The shales do not recover
well o in this section.

At ~-238m a 0.53m bed of wmudclasts which ave fairly
undeformed in a clay matrix arve present. The vip up clasts
may be devived from shale units since the original beddinag
on these vip up clasts i presevved. This sesusnce arades
inte Q.6m of alternating sandstone and shale deposition

ending  with another ©O.3m thick mwmudclast conglomerate at

S AW . The sequence described above of alternating
sandstones and shales continues for &63m. Lithologically,

the units remain similar to those described previously.
At -19%2m a pebble conglomerate with mudclasts O.8m

thick arades into alternatinag coarse to medium sandstones

and shales. Febble conalomerates occur again at —-178m, and
-1 6591Mm . Affter ~-169m deposition fines with no move pebble

cona lomeyvates until —147m.
Sampie C-65 represents a fineg sandstone in the above
e

descyibed seqguencs, Fetroaraphically it is composed of 2%
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juartz, 5474 volcanic rock fraaments, 12% wmetamovrphic rock

Tragments, 1% calcite cement., 94 plagioclase., and 1%
orthoclase. thout 18% of the volcanic rock fragments are
altered totally to clavy. Calcite occurs as bhoth a cexment
and as a crack fill. The sample 15 wmodevately sorted and
classified as fine sandstone: calcitic metamorphic vyocok

bearing volcanic arenite.

At -12%m  the first cobble-sized conglomerate bed
ARPPEaAT S . Thisz condlomerate i corvrelative with the
lowermost cobble-sized conalomerate bed seen in outorop.
This is overlain by a shale (9.%m thick? in which cobble-
sized clasts are found throughout.

Next a coarser sandstong cuts into  the shale and

arades  into a conglomeraste. At 13im a siltstone cuts
throuvah the conglomerate. Thisz siltstone bed 15 only 9.4m
thick as conalomerate deposition esumnes imnmediately. The
conglomerate, Like the others, containg cobble-sized,
roundad clasts, with a clay matrix. Agnaular mudolasts arve

gaen in the upeermost part of the unit.

The cobble-sized conglomerate fines +to a pebble
conglomerate at ~9%m aftter which alternating sandstoner and
shales predominate  from -90m to ~-8B0m until ancther coarse
conalomerate begins. This cobhle-sized bed containg vounded
clasts and some mudclasts.

Sample C-36 was taken from the -7é6m to -63.8m
SETUBNCE . It containsg &% quavrtz, 247 feldspar, 3%9% volcanic
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vook  fraaments, and 0% calcite cement. A trace of
serpentine i also sesen. The sample i s moderately sorvted
and has an average avain size of Q.24mnm. The sample i5
classified as a medium sandstone: calcitic feldspathic
Litharenite.

Deposition of the conalomerate continues fovy 11.0m at
which it arades into a series of coarse sandstones with
alternating siltstones and shales. Sample C-% i a sample
from one of the shale units. C-5% is a medium silt: immature
MRF-bearing Lithic avenite. Throushout the thin section are
sparry calcite veins (154, The sample is Q.03mm in size
ard  moderately well sorted. ta jor constituents ave 35%
feldspar, 14% MRFs (mainly serpentine), 346% clay (both gvrain
lteration and matrix), andd the calcite  wvein., Thiz
deposition is broksn by a 3w hed of conglomerate at 45, &
and  then resumes until the and  of  the cove. This
conglomnerate  is cobble-sized with rounded clasts but no

mudc Lasts are indentified within.

Falegoourrent Divections

Faleocurvent divection was reconsitructed from the
ovientation of cross—-stratification on sandstone beds

throuahout the Windsor. Due to post-depositional



deformation. it was necessarvy to rotate the beds bacé to

oridinal hovizontality by the use of steronset proiections

(

able I). On few of the beds. the exact divection of

[&7]

tyvansport could not be determined sgivce only a cross-
sectional view was exposed. In these cases, two different
directions, i80°  apart, WET 6 recovded. A averaage
paleocurrent direction of N75E was obtained (Fig. i )
fAlthouah these paleocurrent divections ave not many, their
relative wariation is small and it ig felt that the
messuremnsnts do o aitwve  a  aeneral idea of the dominant
paleocurrvent dirvection. Supportingly, Gvippi and Burke
(1978 obtained an inferved paleocurvent divection 1o the

Noyvithwest in the Cretaceous Hanover Inlier 1o the west.

w INTHESLS - PoLEOENVIEONMENTAL BECONSTRUCTION

Iv thiz section the preceding field observations will
be summarized and interpreted using a depositional systems
approach .

The conalonerate beds did not display any discernible
internal structures, exceprt novrmal  grading probably dee 1o
the coarseness of the deposit. These conalomerats beds,
howewvery , definitely bhave a limited Lateral extent and
truncated beds with a scoured surface. possibly

20

&



Fiagure 21. Rose diagram with paleocurvent divection
measures  Trom the Windzor Formation. Note the dominant
palecurrent direction to the Northeast.
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aleocurvent transrort directions devived from
festoon cross-stratification in outcrop.
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indicative of a channel facies. The ensyay of the currvent
that derosited these sediments must have been relatively
high because of the conalomerate beds's coarse nature.

The alternating sandstone and shale seasuence contains
sandstones with a distinct channel geometyy., The sandstones
ara well-sorted, cut into the shales with sharp boundaries,
and tend fto fine upwards. The shales in between the sands
are thinly beddsd, vaery dark, with no visible internal
structures except Tor theiv thin beds.

The lateral gsometvies of the observed sand bodies
indicate deposition in a sevies of channels. The areal
extent of the conglomsrate chamels s gresater than  19m.
The interbedded sandstone and shales arve of lLimited sxtent
(2 1t 3md).

Esker's foraminiferal study (1769 of the S1. Avn's
area establishes the Windsor as marvine  during the
Cretaceous. The study. howeveyr, used plankionic forams and
does not provide  any  intormation about water depth.
Nonetheless, with the preceding observation, we may attempt
a depositional systems interpretation.

The clastic sesuvences described above have @any

features that may be either a submarine fan or delta

3

deposit. To some dearves, both way have similar sedimnentary
structures, fossils., and associated facies. In order to
make the proper distinction, it is mnecesgarvry to closely
pramine the associated facies and theiy charactervistics.

~y =
(]



The method of sediment transport differs betwsen a
submarine fan and a delta. A submarine fan may be deposiled
by aravity flow mechanisms (Reineck and Sinah, 1980). These
mechanisms are turbidity curvents, fluidized flow., arain
flow, and debris flow. Deltas do not commonly transport
sedinent in this wav. In the Windsor, the pebbles that
begin to appaay in the shale underlyinag the first
covalomervate unit may  mark the beainnine of & avavity flow
deposit. These cohble~-sized clasts ave petrographically
similar to the clasts in the cong lomeyate bl
stratiagvaphically higher and are probably derived from the
SAME EOUVCE .

An  important associated facies of submavinsg fan
deprosition are levee deposits., The tyvpe of deposition
gxpected is a combination of thin beds of fine sandstones,
siltstones, and shales. A odelta leves should display
rootlets, tracks, and no primary sedimentary  structuvres
becanse of root mottling (Fisher and Brown, 1972).

The wvast maiovity of fauna associated with the
Windsor arve wmarine planktonic foraminifera (predominately

] & (less than 3L

N

globogernid?) . In minoy  percenta

B}

inoceramus, bivalwves, echinoids, and crinoids are present,
but not in definite Llivina position, sugaesting post-mortem
transeort.

Five main associated facies indicative of deep-water

clartic submaryine fangs have been recoanized by  Walker



(1978) : turbidites, macssive sandstones., pebbly sandstones,

cong lomerates, and debris flows. The Windsor sediments

contain at least part of each of these facies.

The Windsor  formation is charvacterized by cyoles of
cobble-sized conglomerates, fining upwards to sandstones and
shales (Fia, 22 5 At the base of the cobble-sized
cong lomerates are matrix-supported clasts interpreted as a2
drbvis flow. Overlying the debris flow the conolomerate
becomes  grain suppovited with a chammel geometry. These
conalomsvates are avaded and have & scoured base, Within

the conalomerate heds are few thin sandstone or silistone

0

heds  which fine upwards to shale. The dehvis flow and
chanme led conglomerates are interpreted as feeder chammel

deposits from the upper fan (Fiao. 23). The fing—-arasined

andstones and siltstones overlain by shales are interpreted

in

as levee deposits on the sides of the upper fan chanmel.

The cobble-sized conalomerates fine upwards to a
pebble conelomerate (Walker's pebbly sandstone and then to a
massive sandstone. Less commonly., an overlyinag sequence of
sandstones with cross-stratification and planar laminations
(AEC Bouma sequence) are present. These beds arve
interpreted to vepresent upper to midfan abandoned channels.

Cappina the entire sequence s a wvery thick shale
uriit with occasional thin beds of fine-arained sandstone,
siltstone, or carbonate. The carbonate vocks of the Windsor
are not of a reefal or  wmound nature. The rocks are
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Fiaure 22. Diaavamati vertical sequence through one maior
Windsor submarine fan cvcole. Eee Appendix I and II for a
comp lets description.
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Fiaure 23. Walkey's depositional model (§978) of submarine
fan deposition.
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micritic, rhvthaically bedded. and commonly have up to 25%
tervigeneous rock fragments. The predominant fossils are
fovramini fera. The carbonates' location in the thick shale
sequences may be indicative of deep basinal conditions.

In summary the Windsor sediments represent several
cvoles of deep sea fan deposzition. The entive fan sequence

is not exposed. Only the uppsy to middls fan chawmels and

-

distal chavnel sedimentation are represented.

The palecasonorpholoay of the srvivonment of
deposition ways that of a slope. The coarse conalomevates
vepresent the feedev channels which were the point source
for the sediment with the zandztones veprvesenting  uppery 1o
mid fan chanel deposition. The thick shale sequence is the
distal fTacies  (Bouma I o and  E). Feyhaps owinag  to  the
erisodic avulsion of feeder chanmels away from the preserved
study  avea, the digstal facies veszulted. The Windsor
sediments, thersfore, are interpreted fo rvepresent the

avulsion of a submavine fan in a tectonic bagin (Fia. 24).
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iaure 24, Mode | for Windzor depogsition. Jamaica
cepyesented by the volocanics 1o the southwest.
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SEDIMENTARY FETROLOGY

FRE-DIAGENETIC MINEEALOGY

The major constituents of the Windsor ave feldspars
(bhoth plagioclase and orthoclase) anil volcanic rock
fraaments, Mivor constituentsy include metamovrphic rock
fraaments, sedimsntary  rook  fragments (usually cherty,
fossily, other varietiss of Teldspar, and opagque minevals,
Complete mineralogical descviptions ave comspiled in Appendix
ITI.

The feldspars contained within the Windsor include
both plaaioclases and ovthoclases with the plascioclases
OCoCUYYing in arveater abundance. The plagioclases are
commonly twinned (Fia. 2%) with pericline, carlsbad, albite,
and  combination twinmina  types present. Measurement of

averaaed .,

twinnming anales taken from cavlsbad twing were
The angles raveal an composition ranaina from An2 to Anid4,
with an averaage composition of AN20 (Kevr, 1974). In thin
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Figure 25, Combined cavlghad—-albite twins in plagioclase
(crossed nicols) . Bar represents @ L 5mm at 40%
magnification.
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Figure 27. Sevpentine rock fragments in a Litharvenite. The
serpaentine jg  commovly seen  as the chlorite-altered green
fragments. Note the lavae opaasue pove fill funcrossed
nicols).,  PRarv vrepresents 9.5mm at 40X maanification.
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Sedimentary roock fragments include both chert and

mudelaste, Chevt 15 guite abundant thvrovahout the Windsor
and usually coocurs as 1 to 24 of samples (Fia. 28).
Mudclastys are identified in only two samples. These olasts
were probably lithified bhefore deposition becauss of their
minoy defovmation.

Quartz ccours  as a rvelatively minor constituent in
the Windsor Formation. It averaaes only 1 to 2% per thin
section,  and many sections do not contain any guartz. The
quartz occurs ar detvital avaing  and shows  undulose
extinction in some crystals (Fia. 2920

Fossils ave present in bhoth clastic and cavbonate
peds in the Windsor. Foraminifera (mainly alobevgsrnidr arve
the wmost  common fosszil in o the carbonate rvocks and  may he

o

intilled by opagsue material (Fic 38y . Esker used these

»

faorams in hig aae study of the Windsor.

Fossils ooour less often in the clastic rocks and are
present in only eiahteen sanples.  Fauna includes brvozoans,
echinodermns, crinoids (Fia. 312, inocervamus (Fig., 292, and
forams.

Opagues occur as two different forens in the Windsor:
pore fill (Fia, 31) and parallel laminations (Fira. 32). The
pore fill opagsues are typically low percentages (1 to 34 of
the sample). The Lineay opaques appeary  as wavy Lings,
possibly marking bedding planes, The Linsar opasues makes up

a hiahey percentage of the zamples in which they occur (13

=



Fiaure 28. Chert rock fraament with opragque mineval as pove
i 1 28 O Hote the incoeranus fTossil in the upper portion of
the picture (croszed nicols). Bary represents Q.5mm at 40X
maani fication.






Fiagure 29. Undulose extinction in gquartz arains (crossed
nicols)., Bar represents 9.5mm at 40X maanification.
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Figure 30. Globogerinid forams with opague pove Till in a
micritic cemant. MNote the large percentage of feldspary in
thigs biomicrite (crossed nicols). Bay reprezents ©.5mm at
AG¥X magniTication.
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Figure 3i. Ervozoan (uppaer left) and crinoid (lower left:?
fossils ivi the Windzor Formation (crozsed nicols). -3y
represents 0.5mm at 40X maanification.
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Fiaure 32, Farvallel alignment of opasues along paleobedding
planes (uncrossed nicols). Bar repressnts 0.5mm at 40X
magnification.
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o hut ave net as common as pove fill opasues. Use of
reflected Liahkt identifies this oraaue material az pyrite

fyrom its vellow-gold tint.

Feidspay, because of  its relative instability  in
these fropical  formation waters, was  the most alteved
mivieral with  the alteration takina the Fform of @ sericite,
caloite, and bauxite. Seyiocite commonly oocours in small
flakes agz an altevation of silicates, usunally feldsparvs
(Kery, 1977) . The sevicite 15 found on almost all of the
feldzrar araing of the Windsov.

The altevration of feldspar to calcite also occours in
the Windsor rocks. Because of  the calcium-richness of the
Teldspars, they appear zoned with the move calcium-rich
lavers beina altered to calcite and the move sodium-yich
lavers remaining as feldspay (Fia. 36).

fimother altevration eproduct of feldspar which formg in
the Windsor rocks is bauxite. Two cbrerved wvavrieties ocour,

Y oand calichite (Fia. 34), with aibhsite

d
G

aibbgite (Fia.

cheserved only two

in

bheing far moyve Comnmon. Calichite i
camples of the Windsor. Fauxite is a weatherinag by product
|

dervived from the chemical breakdown of aluminosilicate
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Fiaure 33. Complete aibbsite alteration of a volcanic rock
fraament (crossed nicols). Par represents  O.3mm at 40X
magnification.
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Figure 34, Calichite alteration on a volcanic rvock fraagment
(uncrossed nicols) . Eavr vrepvesents G Smm at [ x
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minerals (Kerr, 1977 ). The hauxite alteration occurs most
freaquently by weatherina i owaya, humid regions where the
necessary organic acids can be easily devived from the decav
of the desd junale veastation. However, most of the bauxite
found Iin Jamaica is  found in cavbonate vooks and not the

clastic deposits (Comery, 1974) such asz the Windsor.

Cepentation

It has bheern vrecoanized by Galloway (1974, in a study
of sandstones TFrom a novtheastern Facific tectonic basin,

cements  mayv be related to  the derth of burial of the

L
sedinents. This aualitative application will be attempted
heve with the Windsor sediments. However ., this application

must be used with caution gince the asothermal arvadients may

differ hetween areas resulting i a wvariation of
temperatures with depth. The Windsor's aeothermal aradient

does lie within the ryange of asothermal aradients im
Galloway's study area. fBleo  the orviagival mineraloay may

differ. The Windsor yocoks contain calcite, albite, and clay

matvix ag the "cements". The depths at which theze cements
occur  will be corrvelated with the rocks. Galloway

established the followina sequence for cement type with

increasine burial:



s

garly calcite facies (locally) 2to ciay vim anog tor) cl

NS
by

Tacier todlaumonite-phyliozilicate facies 1o prehnite-

pumpellyite facies todalbite epidote facies.

In his study, at very shallow depths (less  than
FOOOTY or 3I00m:? and early in the burial history., calcite
forms as a cement. Gg  the sediments become buried deeper,
at depths ranging from 1000 to 4000 feet (300 to 1200m)., the
chemical alteration of unstable arains produces authioenic
clavs (mainly chlorite, montmorillon te, iLtbite, and
kaolinite (Galloway, 1974), Many times the overbuvrden
pressure which causes the wineralogical chanaes mayvy deform

the araing. When vooks are  subijiected 1o aveatey depths of

o)

'] AT N 2 A

buriat (3000 1o 10900ft or 900 to 3000m). the remaining pore
SRpaces will by intilled by v either zealite or
phyllosillicate. The most comwon zeolite is laumonite., and
the most COMmmoT phyllosilicate iz chiorite or
movtmori L lonite. He found the clay coat from the previous
stage s preserved. The phylliogsillicates take the form of
el ther ivregular masses  Or pore  sSpace infilling. The
zeolite occurs only ag pore space infillina.

Continued burial of the sediments often results in
Turther increase in the overburden pressure and temperature
which produces a type of higher arade of diagenesis.

Frehmits, pumpellvite, and epidote become the "cements' of
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this zone.
The Windzor Formation containg both 32% calcite (Fia.

oy g g .
X F

33 and 3% albite (Fig. 3&) cements as indicators of shallow

in

Buvial. filbrite and calocite may both form from anorthite byv:

2H'+ Na® o+ CO5 + Si0, + CanlSi, Og= NaALSi O+ CaCly, + A

HA0

;
AL

anorthite albite calcite

Althouvah the water chemistry i1r not kvnown, formation of
albite should be favored over the formation of calcite
whenever the water P& undsrzaturated with respect to
calocite, thereby dissolving the calcite. Fossible
controllinag factors arve the pH and FCO .

The wost common type of cement pressent in the Windsor
te clay (Fias 7). It occcurs in &3% of petvogvaphic samples
as cement. Samples with catcite or albite cement often have
the beginninas of clay coating  on graing. The presence of
these clavs s indicative of depths of burial of 1000 to
4000ft or 300 toi200m.

Ancthear  cement, chlorite phyllosilicate cement,
indicates even areater depth of burial (3000 1o 1000071 or
GO0 to  I000m). The samples chserved have only the
begivminas of phyllosilicate cement (Fia. 38) and rvetain the
Clay coatina., This cement ccocurs in only 3% of the sameles.

Ueing the abowve, information. the depith to which the

-]

o

Windsor rocks have been buried can be approximated. Becaus
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Figure 35. Calocite-~cemented sample. Note the zoned
plagioclase in the center {(crossed nicols). Bav represents
Q.5mm at 40X magnification.
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Figure 36. Slhite-cenented samnple. Note the pevicline
twirming of the plagioclase in lower left (crossed nicols).
EBav vepresents O.5mnm at 40X maanification.
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Figure 37. Clay matrix forms ‘“cement® for this sample
(crossed nicols). Bar represents O S at 40K
maanification.
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38 . The beginvinas of phyllogilicate cement. Note
around the arains (uncrossed nicols).

40X magnification.

Figuyre
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Eav repregsents O.%mm at
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of the presence of clavs (i.e. movttwaorillini te, kaolinite,
and illite) it can ne aszumed that the Windzor vocks were
burijied fto at least 1000 to 4000 feet (300 +o 1200m). The

beaginninas of phvllogsilicate cement wevse found in a few thin

setions indicative of buvial 1o 3600 to 19000 feest (900m to

571
T

S000m):  however becausze of its relative scavity (4%, it ig
inferred the vooks were buried to  about 3060 1o 40600 feet.
This depth would allow sufficient pressure for the formation
of phyllosillicates in some samples but would not totally
transform the clavs +to phyllosilicates. fr o mentioned
before, these depths are oLy appyoximate due

to possible geothermal arvadient wariations.

Compositional Diagrams

Compositional diaarams have been utilized In
sedimentoloaic data presentation hy Dickinson (192822 avid
Galloway (1974 and in igneous data by Mvashivo (1973). The

usefulness of this method has been demonstrated previcusiy.

In the following section, several triangular diaarams will
be presented and their mwminsgralosical trends discussed. The
mineralogical parameters for the trianaular diagrams ave
cataloaued in Table II.

The GQuartz-Feldspav-~Lithic Rock Fraament disgvam Trom



Table II. Compositional End Hembevs Tor Trianauiar
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Triangular Uppermost Lower Leftt Lower Right

Diaaram Fole Fole Fole

OFRE RQuzvrtzozse Feldzpar Unstable aph-
arains (Q) arains (F) anitic lithic

fraaments (RF)

GmFRF T Monocrvstal- samne as Total aph-
Line quart:z above anitic Lithic
arains (Qm) fraaments (RF i

QuFg Monocrvetz - Flagqioclare Orthoclese
Line quar+:z arains (F) arains (0)
arains (Gm)

chF=-VRF-MRF Sedimentary Volcanic tMetamorphic
rock fraza- rock frag- rock frac-
ments (SRF) ments (VRF) ments (PMRF)
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the Windsor rocks (Fia. 32y veveals a wory low quariz
content (less than 5¥%). The vock fraowments and feidsoars
are distributed a.ona  the bottom axes with ning samples
containina only feldspar (relative 1o the glher Two
constituents) and 14 samples containing only rock fraaments.
The compozitions ave aradational between feldspar and vock
fragments and do not tend to cluster at  either end membor.
Comnpayison with Dickinson's (12820 findinas of the
compositions of the Hokonui Assenbledas of New Zealand. the
Windsor sediments  ave more feldspar yich and tend +to have
more gradational compositions between vook fragments and
feldspars. Compared with the Great Valley Sequence from
California,. the Windsor has considervably  lowsy  guavtz
valuss, Thisz Low  guavtz  content i not surprigsing
comsidering the great distance o the neavest continent.

Guartsz (monocrystalline)-Feldspar—-Lithic Rock

i

Fraament diaavam or Owm-F-L (Fia. 40 is mimilar to the QOFL
diagvam. The only distinction betwesn the two avaphs ig the
inclusion of chert as a lithic rock fragment (sedimentary)
and its exclusion as part of quartz. The diaavam has a
slightly lower auartz content but the other points remain
clustered alona  the Line between feldspar and Lithic rock

¢l fraaments as

—

fragments. Tha number of rocks with only rc
constituents increases  from 14 to 16, Compared witlh
Dickinson's data for free Honokui and the Great Valley
Seauvence., the Windsor aaain exhibits the same trends of move

& "y
1 ..t



Fiaure 39. Trianauviar diaavam illustrating the velationship
of aquartz, feldspar, anda ook fraaments., Dotted lines
represent findinas by Dickinson (12822 of chavacteristic
sedimentation of the Hokonui assenb ladae of New Zealand
fore-are sedimentation.
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Figure 4¢. Trianasular disavam ilLllugtvating the velationshie
aof monocrystalline guartz, feldspar, and  rock fragments.
Dotted Linss yvepresent dickinson's (19823 findivas of
characteristic fore-arc sedimentation of  the Hokonuwi
assemb ladas,






gradation betweesn rock fragments and feldspar and lowey

Juartz contents.

Rock fragments may be subdivided into volcanic (VRFD),
metamorehic (MRFY, or sedimentary (SRF). & trianaular
diaavam illustrating the character of the rock fragments of
the Windzor is shown in Fiaure 49. The vook fraaments are
predomivnately volocanic. Thirty-three samples contain only
volcanic yvook fraaments. Metamorehic yock fraaments,
sevpentines and alteved mafic minerals, account  for total
rock fraaments in £ix samples, The points tend to cluster
beftwearn  the voloanic  and metamovphic  fraagments with Low
sedimentary vock fraaments valuess.,

The graph of Quartz-Flaogioclase-Orthoclase (Fia. 42)
iblustrates  the predominance  of plasioclase  owver  both
orthoclase and guavtz. The arvaph doss  not inolude all
samp les due to feldspar alteration which masks composition.

(o]

Dickinson's findinas (1782 for  three  fove-arc basins

St

displavys a similay abundance of plagioclase compaved to

orthoclase. Howsvey, aaain his data contained higher gquartz

values,

SYNTHESLS - BROVENANCE. CLIMATE. AND DIAGENEILE

The occurrence of such a larvge amount of voloanic



Fiagure 49. Triangular diagavam ilLllustvating the relationship
of sedimentarvy, voloanic and setamovehic vock fragments.



SRF

~MRF

N=6



Fiagure 42, Trianagular diagvram illustvrating the velationshie
of  «auavitz, plagiociase, and orthoclase. Dottad Lines
repyvesent Dickinson's findinas of charvacteristic fore-arc
gsedinsentation.






rock fragments indicates devivation from o volocanic source,
because most of the rocks arve volcanic Litharenites. Many
of tha volocanic rock fragements have feldspar phenoovvsts and
thus it can  be agszumed the feldspars wmay have been devived
at least pavtly from the volcanic rooks.

Further evidence 15 observed in Fiogure 42 with the
dominance of plagioclase over orthoclase., Rocks which
contain  lavas amounts of plagioclagse indicate devivation
divectly from volcanic sources. Folk (§980) discussed the
tectonic sianificance of plagioclase arkoses. He sugassted
plagioctiase  arkoses  are  formed when  volocanic activity
produces matevial that is varidly deposited. Folk also
noted that aranites and aneisses commonly vield feldspars
such ag ovithoclaze and microolins, wheveas wvolocanio vooks
contribute feldspars that arve mostly plagicoolase  and
zanidine. Folk postulated that if there is more plagioclage
than orthoclase, a volcanic source is lLikely., especially if
the plagioclases arve zoned. This would be consistent with a
proposed  tectonic model of the Windsor sediments to  be
devived from the rvapid srosion of volcanic hiaohlands.

The v

K fraaments and feldspars ve distvibuted

12
iy

™
o
™

about saually between the two bottom axes with about the
same amount of samples with all rock fragments as samnples
with all feldspars. Owinag to the relative instability of
the feldspar., it would be expected 1o be decomrosed rapidly

in a hot, houmid snvivonmsnt such ag Jamaica Folk, i280).



Thisz should result in disevoportionate amount of Lithic vook
fragments. erause  the amount of  feldspar vemains  in
abunidances almost equal to the Lithic rvock fraagments., vapid
deconposition nmust have been rvetarded, pevhaps by uplift or
deposition related to tectonics.

Serpentine, an inportant constituent of the Windsor,
iz typically fTound in dsland arvc envivonments  (Hyndman,
$2F2Y; therefore, its aszgsociation in Jamaica i supportive
of the istand arc hypothesis. Serpentine is thouaht to form

From olivine by the addition of water and silica (Hyndman,

$9722. The reaction is5:

<~

EﬂaniUH + Sily + H0 =2 ZMaaSils (OHYy tlx?

(ol ivine: savpentine

Owina fto the comnmon ocourvence of sevpentine az larvae sheet-
like peridotite serpentine bodies along maior thrust faults
and because of their aggociation with island arcs,  Hyndman
has suagested that these bodies arve upper mantle oceanic
crust  thrust onto the lLand (obduction?. He  suaaests
serpentinite mavy be used as an indicatoyr of oceanic crust.
The serpentinite becomes exposed when the oceanic crust s
not subducted but instead is thrust onto Land. Frynmdman
(1972) ywotes that subduction, epriov to its cessalion, fit& Y
produce  serpentinization by the addition of water. The
process of serpentivnization can produce a decrease i1

density of the crust from 3.2 to as low ax 2.6. This lLiahter

-
e
o



density  would tend 1o cause the orust o vise 1o the
suvface, facilitating obduction.

The occurvence of serpentine fraaments in the Windsor
vocks miaht be anticipated because of the proximity of the

Oy 20N . The serpentine fragments mentioned in the

subduct
ahowve discussion wmay  have besn emplaced alona maioy thrust
Tault zones as the subduction ended.

The cherts  of the Windsor occur as  vook fraagments,
possihbly frowm bedded deposits. Ehlers and Blatt (1982 note

the tvpical association of hedded cherts with araded

17
i

in

T
5

sandstovnes, melangss, and ophiolites. They postulate the

i

chevts must have formed in & deen ogocean bazin in o a
tectonically active reagjion. This model of deposition fits
well in the tectonic model of subaduction. i1 the chert was

deposited on ocean flo which Later became thyrust onto lLand

™

et
for)
o

ag subduction ended, chert fraaments couvld well be expected.

The velatively low parcentages of quartz  darains are
expected due to the diztance from the neavest potential
SOUrCE. Duartsz is commonly derived from the weatherina of
continental ocrust, This wery low wvalue may indicate
Jamaica's  far distance to any  continent durina the
Cretaceous.

Thevefors, petrologic data vields a model of island

]

arc subduction. The VEFs and plaaiocla

1oy

e feldsparvs indicate
devivation from volocanic sources. The relative freshness of

the feldspars sugaests vapid uplift and deposition, pEThaps
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THERMAL ANALYSIS

HEAT ELOW

The heat flow of a region is  an important parameter
in tectonic interpretation. hoth in terms of basin type and
in deares of hvdrocarbon wmaturation. HRelatively hiagher heat
flow values ooour over  spreading centers, volocanic vidaes,
ard other extensional areas of tectonic activity than those
areas at which there is no hot mantle material risina. &
back arc bagin can be such an extensional setting (Uaeda and
Kanamor i, §979y, and is genevally expected to be thermally
fotter than its velated fore avec basgin, (Aadland and Fhoa,
1989;: Riva, 1982).

Meat flow can be velated to the aeothermal arvadient
az indicated by the classic Fourier heat flow eguation in
one dimansion:

ke dY/dZ (II.»

whaere K ois a constant of thermal conductivitv.(calcm”sau ()

i
ol
O



o

15 temperature ¢°C), and 2 is depth (meters) (Turcotte and
Schuberyt, 1982 . Fetyodamaica has provided accoess to well
Loa data  from the areas includivna a caloulated ogeothermal
aradient of 2.449 °C/1006m. Ugina the Fourier heat flow

ation, this translates into G=0.9&8HFU, assuming an

i

) )

o ek 12 -3 I FIE L
estimate of K as 4-96¢° cal o sec O for these sedimentary
lavers., This estimated conductivity was detevmined from

=3 - = B ey .
0 calocm sec U (Berry

noting that an averaae shale K=3.5%

N . § from 1000Ft to 5240f1) and average sandstone K=4,7-90°

calecw sec”C (Karoo sandstone) as compiled by Clark (19846),
and assuming an =qual distvibution of sandstones and shales
in the section. This K value is probably a good estimate in
that it i close to the 4. 10 calece™ sed'T determined for
sedinant lavers overlyving oceanic crust in a well bore by
Kima and Simmons (1972  and also vields a heat flow (9.96
HFUY very olose to that of a neavby offshore heat flow value

(4.498 HFUY) determined at 80.32°W, i8.32°N and reported in

Jessop et al. (1975 .

In comparicson with heat flow values reported by Epp
gi il; (§970). of other parts of the Cavibbean, the St.
ann's Basin ig velatively cool todav. For examnple, a heat
flow of 1.6 HFU was obtained in 2 shallow part of the Cavian
rouab, the Cavman FRidae had chavactevistic heat flows of
.2 to 1.% HFU., and the Yucatan Easin had avevaae values

from 1.3 HFU +to 1.8 HFU. The Cavinan Hidae s a vouger

tectonic basin  and may well be expectad to have a higher



heat flow., The Yucatan EBasin, howawvey was formed during
the Jurassic ag a vesult of spreadinga (Uochuapi, 19720 and ved

this basin still retains a higher heat Tlow.

YITEINITE RBEELECTANGE

The witvinite reflectance of sedimentary orvaganic
matter [ a  commonly used indicator of hvdrocarbon
maturation by The indostry and repveszsents a kineltic measure
of  the maximum  temperature that oraanic matter has
pxperienced. Conzeguantly, it mavy be used to recovd the
maximuam temperature  that sediments have expevienced. The
procedure to be used is the Shell 0il Company method of Hood

276) which incorporates both Ro (vitrvinite

o~
—_

Ej al.

reflectance) and aae ., Heroux et al. (1979 discuss

possible sources of error involwed in using Ro which include

sadinant veworking, avidation, and lavae chanaes in host

Lithaoloay. For these St. arn deepwater amuddy fan d

o

7]

posits,
these oeffects are probably of minor vaviation and influence.

Raodviagues (19820 in a vitrinite reflectance study of
the Windzor shales in ouwtovop, found the Windzor to have an

average value of Q.45%. He interpreted this wvalus asg

indicating the Winvdsor sediments to have had a velatively

cool thermal history.

149



Froximal to the outcrop section are wvitrinite
velflectance data from the Windsor =1, The Ro as a function
of depth is shown in Fiagure 43. Hote that the 0.465%% Ro of
Fodrigues' study also apprvoximates the mean of the Windszor
wf owell (0.8340.072. Let us use  the 0,657 Ko and make the
followinag Twmay (maximum tempevature calculation accovdina to
the methods of Hood _Ei al. (1975). The maximum age

uncertainty for Windsor depozsition i adiacent outcrop is

B

L5 o to

)
{5

late Coniacian to late Santonian (Esker, 1969 or 8

87.5my old. For the FRo of 0.6%% ov Level of Ovaanic

Maturation (LOM) of ¢ (see Fig. 445, we obtaiv using Fiauwre
Eoa Tmax fovr 88wy of 73 C. These wvitvinite veflectance
findinas then also suwggest a cool thermal hiztory for the
Windsor.
07 importance to Jamaica's hvdrocarbon explortion,
iy

Tor the aae of 88my, the Ro of 0.465% ov LOM or 9 also placesr

these sedipents within the oil  9gesnevation window of Hood et

al. (41975%). a1 least in terms of oraanic maturation., this

thermal history then is favorable to hydrocarbon maturation,
a rather unusual event for typical fore—arc basing worldwide

(Fiaott, 1984).
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Froaure 43, Depth  versus  witvinite yeflectance wvalues
obheavrved by Feltvodamaica in the Windsor 1.

43
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Fiaure 44, Vitvinite feflectance wvalues from Petrvodamaica
and the corvesponding level of ovaanic maturation (LOMY.



LOM

7
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Fiaure 45, The maxinuwn temperatuve coveesponding to the

obheseyved LOM values for the Windsor zedimsnts.

147



1204

1104

dex

100-

90

70

88my

-

2
11

12




AND CONCLUSTONE

TECTONIC SYNTHE!:

The Windsor Formation vepresents  the Cretaceous
deposition of tervigenous sediments into a ftectonic basin
=till in the process of formation on the norvithern coast of
Jamaica. Although it is genevally accepted Jamaica was
formed asz an island arc from subduction at this time, Little

f this subduction.

iP5 kviown about the specific mechanisms o

Outcrop and cove study reveal a gsevies of alternatina
cong Lomerates, sandstones, siltstones, and shales with
oocarional micyitic Limestones. The cobbhle-g5ized
condlomerate beds represent pulses of very coarse matevial
into a bazin. The shales, often tens of wmeters thick,
represent deep basinal conditions.

iciva a derositional systems approach. the Windsor
Formation 18 interpreted from outcrop data as  a submarine
fan chanmels with a Oretaceocus paleocurvent divection to the
Northeast. This proposed model was interpreted from the
presence of marine fauna, lack of freszh water fauna. channel
geamnstries, assoicated submar i ne fan facies, and
gravitational transport features.

Compositionally. the Windsor Formation is comprised

14



exclusively of arkoses, Lithic arkoses, feldspathic

litharenites, and Lithareniies. The ryoocks are especially

vlcanic rock fraagments. The

vich in plagioclas anad v

1]

sianificant abundances of the palaioclases (offen zoned) and
VRF & indicate devivation froam predominantely volcanic
SOUTCES ., EFavadoxically, the feldspars are relatively fresh

considering theiry potential weathervinag in a tropical surface

paleopsnyiyonment. These unaltered feldspaves, courled with
the subegual amounts of feldspars and VRFs, indicate rapid
up i ft and deposition from volcanic sources. Serpentine,
chert, and marine fossils are other important constituents.
The Windsor sediments, however, ave velatively quartz-free.

Cemsnt tvpes found in  the Windsor includes low Mg
caloite, albite, o lave, and phyllozilicates. From the
remnent stratiavaphy, the depth of burial of the sediments is
inferred to be approximately 3000 to 4000ft (200 to 1200m).
Howswer these depths can only be used as  approximate
ranaes,

an analvysis of the present ageothermal arvadient and
vitrinite reflectance wvalues from the Windsor =1 well
contribute important information concerninag the thermal
history of the basin. The present-day calculated heat flow

- ; £

Py Q=0,P8HFU. Compared with the present-day heat flows of

the Cavman Ridge (1.2 to 1.5 HFU) anid the Yucatan Basgsin's

Basin is

in

1.3 1o 1.8 HFU (Epp et al.., 1970). the St.  Ann’

| tome .



data

flow

a fare-avo bhasin. If

indeed a fore-avc basin, subduct

south or southwest.

be conclusive, other data must a

indicating converasnce  and

fove—ave basin includes:

1.

Sedimentologic

fraagments and the

are indicative of volocanic

and  deep  water Limesstones are

SEqUEeno e, These gsandstons

i island ooenvivonmants

avr

Faleocurvent Divections: I

Leon

the deep sea fans shedding

materials genevally radiate away

arce into the ftrench. hevefore,

of transport is expected to be

Arm's Basin has a predominant  pa

northeast, locating the volcanic

3. Faired Metamorphic Belt:

he |1 with

metanorphic

mEtamoyehio indicates a

i g5 g
12

imp liss  the

Zince the hes

southward

Constituents:

hiahlands,

compositions

fGalloway,

a converaent

volcanicos

toward the

contrastin

St. &Anv's Razin to
the $t. Ann's Basin was

ion would have been to the

ot

1]

t flow data alone may

lso be examin FEvidence

subductiaon bensath

<

Fresh wolcanic vook

pradominant constituents,

g Serpentine, chert,

indicative of ophiolite

are tvpically found

§974) .

mavain system,

and

from the emeraent volcanic

the paleccurvent divection

trench. The St.

teocurrent direction to the

source to the southwsst.,

existence of a eaived

The

a hiah and low tenperature

subduction zone dipping to



the couthwest (Draper et al, 19762,

4. FPaleomagnetic Data: Foversnt measured from paleomagnet o
data (Maclonald avd Opdvke, 1972) indicates Jamzica miagrated
fo the north relative to the Novth éAmerican plate during the
Cretaceocus, consistent with the consumelion of ocean floor

(subduction? between.

From fthe above svidence, the St. Ann's Basin can best
be modeled as a fore-—arve basin (Fig. 448). A paleosubduction
i

ovie dipping to the souwthwest  bensath Jamaica's present

location forased the volcanics. fs the volcanoes eaevaed and

17

were uplifted. debris waz shed vapidly off the hiahlands,

e
<

1

down  a stesp paleocslope similayr to the present-d
Glemutiang, and devrozited guickly. This debris wags the

ource for the VYRFs and plagioclases. fs ouplift waned and

i

the sedimentation vate subsided, the resulting deep basgsinal
conditions led to the deposition of thick shale sequences.
In this study a correlation between cedinent
compositional tvpes and tectonics was drawn. The Windsor
Formation is representative of island arc sedimesntation in
the Carvihbean. The sediment compositional types present
here may serve as a auide for the vecoanition of similar

othey areas

-

i s Land arc  sedinentary envivronmnants i

wor Ldwice,



Fiagure 446, Froposed  ftectonic model for Late Cretaceocus
subduction bensath novithern Jamaica. Jamaica iy dthe 1§

arc  an the southwest  abd tae Windsor sediment
deposited in the St. Anm's fove-avoe bazin.,

5 were
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Appendix I
OQutcyop Stratigraphy



The outcrops of the Windsor define two limbs

af an anticline. Thersfore, the two sztratiavaphic
sections represent the two Limbs of the anticline,
and thus two different places in  the basin. The
southervnmost Limb, represented by samples W-11 to
W-24 is a nore complete section. The worthern Limb.
represented by W-190 {to W-1 is cutl by a reverss fault
and i 5 not  complete. Divisions repressnt Sm
intervals. Station numbers (W-12, etc.) refer to

locations shown on Figure 3.
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Southern Limb



w-13-1b2
W-13 1

W-12-2i

W-12-29

W-12-212

W-11-1a2
w-11-1a1

w-11-1d

W-12-2d

w-12 -2c

Ww-12-1a
W-11-1e2
W-l-1el

w-12-1¢
W-11-1i

W-12-1a

The next depositional
unit is a

thick shale sequence
with thinmly-bedded,
fissile, blue-gqray,
non-resistant shale.
Calcite infills frac-
tures within the
shale. Well-rounded
cobble-sized clasts
begin to appear In
the upper part of

the shale. The shale
exhibits intense
soft-sedinent defor-
mation in the upper-
most povrtion.

Deposition begins

with a series of
alternating sandstones
and shales. Both the
shales and the sand-
stones are fractured
and infilled by
calcite. The sand-
stones are brownish-tan.
Several of the sand-
stone beds exhibit
channel geometries.
The contacts between
the beds arve sharp.
The upper part of
the sequence has a
thick Limestone as

a resistant bed.

BASE OF MEASURED SECTION
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W-18-1c

w-17-2a

W-17-1h

w-17 -1a1

W-16 -1b2

W-16 1b1

W -14-1cl

wW-14-1c2

A reococuwrrence of

cong lomeyate beds.
forms a very coarse
depositional sequence.
These conglomerates

are poovly sorted

and have cobble~-sized
rounded volcanic clasts.
Interbedded with the
cong lomerates are
alternatina beds of
sandstone and shale
These sandstone beds
are well sorted, brown-—
ish and have parallel
Laminations. The
shales are thinmly-
bedded and fissile.

Series of alternating
thinnly bedded sand-
stones and shales.

The shales are blue-
aray and fractured
with calcite infilling
the fractures. The
sandstones range from
fine- to medium-
arained. The sand-
stones are weathered
to a brownish—-gray
color. The contacts
between the sandstones
and overlying shales
are sharp.



W-19-2g3
W-19-2g2

Ww-19 2491

Thick, non-resistant
shale deposition with
calcite infilled
fractures runnming
throughout predominatos
deposition. The shale
is fissle and weathers
blue-gray. @& thin,
brown, micritic Lime-
stone forms a resis-
tant bed within the
shale. Further up in
the shale, medium-
grained, brownish-tan
sandstone beds with
channel geometries
form resistant layers.
Even higher in the
section, the sand-
stone beds becomne
finer—-arained and
thicker and without
channel geometries.




e Dt leo et e ot ok w-22-1b

-21 -1¢
w-21"1el

W-21-1e2

wW-21-1¢1

I CE— 5 1 L T T r—) w-21-1b

W-20 -1h

w2011

W-20-1b

W-20-1a

Deposition fines as
alternating shale,
siltstone, and fine-
grained sandstone
comprise the remainder
of the section. The
shhales are blue—-aray,
non-resistant, and
often have calcite
infilled fractures.
The fine—-grainesd
sandstones are resis-
tant, well sorted,
and weathered to a
brownish-tan color.
Occasional micritic
Limestones ococur as
resistant beds within
the shale. Several

of the medium sand-
stone beds have fes-
toon cross-strati-
fication.
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W=24 -1a

At the top of the
shale rounded clasts
begin to appear
markina the beginning
of deposition of the
Cascade Conglomevate.
The Cascade is poorly
sorted with cobble-
sized clasts. Soft
saediment deformation
of the directly under-
lying shale occurs.
The first Cascade bed
marks the end of
Windsor deposition.

W-23-3a

W-23-1b

WwW-23-1a

W-=~22-1e




Northern Limb



Overlyina the ash
flow are alternating
beds of sandstone and
shale with gradational
contacts. Daforma-
tional forces have
produced minor foldina.
The sandstones have
W-9-2b planay laminatons, are
weathered tan, and have
exfoliation weatherina
features.

A clay bed that was
formerly an ash flow
unconformably cuts
across the under-
lying units. Volcanic

wjgjgf bombs are seen within
the bed. The ash is
totally altered to
clay.
...ll..t. ‘e wﬂo-1c1
Series of alternating
w-10-1d1

sandstones and shales
coarser at the top.
The sandstones are
moderately sorted and
weathersd to a brown-
w-10-1dd tan color. The
shales are blue-arav.
The contacts between
the beds are sharp.
wW-10-183 The lowermoslt sand-
w;g:rf stone bed has planar
9 Laminations, but the
others appear to be
massive. The upper-—
most beds are extre-
mely coarse—-grainad
sandstone and pebble
cong lomerate., The
clasts in these beids
are well rounded, bu
poorly sorted. The
conglomeyates have a
weathered clay matrix.

W-102a




w-7-12a

We-7-22a1
W -7-2a2
W -7-2a3

A non-resistant, blue-
gray shale with thin
fine-arained sandstone
beds distributed
throuahout forms the
next sequence of
deposition. These
fine—grained brownish-
tan sandstone beds are
modevrately sorted with
no discernible sedimen-
tary structures.

w-8-1a1
w-8-132

The next depositional
w-8-1b unit is a cobbte-sized
cong Lomerated bed with
rounded clasts and an
extremely weathered
clay matrix. The bed
fines upward to a
pebble conglomerate.
At the bottom of the
conglomerate are mud-
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"o 0o QN o Q' This qrades

quickly to a thick,
black, fissile shale,
reduced in scale to
represent {120m of
shale deposition. In
the uppermost part

of the shale, cobhle-
sized rounded clasts
begin in appear.




The following deposi-
tional sequence is5 a
series of alternatinag
sandstones and shales.
The sandstones are
brownish-tan and
thick. The shales
are blue—-gray and
thinmly bedded. The
uppermost portion of
the section consists
of sandstones with
planar laminations.
W-7-9d displays a
distinct channel
aeometry. The lower
part of the section
has aentle folding.
This folding inten—
sifies at the top of
the section where
yeverse fault dis-
placemnent occurs.



Reverse Fault
Note that W-4-§ff stratigraphically corresponds to
W-7-1b.



After the fault, a
series of alternatinag
sandstones and shales
is encountered. Since
this is a reverse
fault, these beds
represent a repeat of
the previous section.
This correlation is
interpreted to repre-
sent a repeat of the
saction begainning

at W-7-1g1. These
sandstones are
weathered brownish-
tan and have planar
laminations and fes-
toon cross—-stratifi-
cation. A few bheds
display chammel
geonetries. The
shales are non—resis-—
tant and weathered
blue—gray. &t the top
of the sequence 15 a
micritic Limestona
(mudstone) bed. This
forms a resistant bed
within the non-resis-
tant shale.
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170 m

A cobble-sized con-
glomevrate with

rounded clasts Iin a
weathered clay matvi
cuts down into the
shale, beginning the
wext sequence of depo-
sition. Deposition
fines upward slightly
as sandstones, shales,
and siltstones form
the remainder of the
sequence. The sand-
stones are brownish-
tan, resistant, and
weathered with
exfoliation feature

A few nf the gandgtone
beds have festoon
cross—-stratification.
The shales are non-
resistant and gray

in color. Contacts
between units are
w-2-123 gradational.

w-2-124

w-2 -2al

Deposition continues
similar to the undev-
lyina units with
alternating sandstones
and shales. The sand-
stones are weathered
brownish-tan and are
resistant beds within
the non-resistant

w-2 2b
blue—aray shale
Contacts between the
sandstones and shales
3 ot tional. A
wa-y1a 3r€ gradational A

micritic lLimestone
(mudstone) ncocurs near
the top of this

W-4-1al spquUeANCA .,



TOP OF MEASURED SECTION

w-~1-2a

W =-1-2b1
W-1-2b2




Appendix 11
Core Stratigraphy
Location shown on Figure 3.



C -148

-291m

Well sorted mediun-

and fine-arained sand-
stone beds alternating
with thinnly bedded
shales mark an overall
fining of deposition.
The contact between the
sandstones and shales
are more grvadational
than the previous
deposition. Calcite
veins are present in
fractures in the shale.

Deposition beains with
alternating beds of
shale and medium and
very coarse-grained
sandstones. The
shales ave thinnly
bedded with parallel
Laminations. The
shales are aray-black
and the sandstones are
gray. The very-coarse
grained sandstone i35
poor Ly sorted and
borders on beina a
pebble conglomerate.
The medium—grained
sandstones are

fairly well sorted.
The contacts between
the sandstones and
shales are abrupt,
with the coarse-
arained sandstones
rutting down into

the shale.

BASE OF CORE



Deposition fines
slightly as wedium-

and fine-grained sand-
stones and shales pre-
dominate. The contacts
between these beds are
gradational. One
coarse—grained sandstons
bed fines to wmedium—
grained sandstone and
then to alternating
shale, fine-grained
sandstones and silt-
stones. The contact
between the siltstones
and fine-arained sand-
stones is gradational.
The shales are all
thinmly bedded with
planar laminations.




C-138

A poorly sorted,
coavse-grained sand-
stone unit with angu~-
Lar murdclasts and
rounded volcanic
clasts marks the

next sequence of
deposition. It begins
a sequence of alter-
nating thinnly bedded,
laminated shales and
sandstones. The sand-
stones range from
coarse- to fine-
grained and are
generally moderately
sorted. Contacts
between the shales

and overlying sand-
stones are usually
abrupt, with the
coarser beds down-
cutting into shale.
Mudc lasts are seen in
the two lowermost
coarse—-grained sand-
stone beds.



Alternating sandstones
and shales predominate
in the following
section. These sand-
stones are moderately
sorted and tend to
have abrupt contact
with the overlying
shale. The shales

are thinnly bedded

and are becoming
thicker between the
sandstone beds.



Ensuing deposition
coarsens as a pebble
cong lomerate containing
both angular mudclasts
and rvounded volcanic
clasts. Alternating
coarse~- and mnedium-
grained, moderately
sorted sandstone and
shale beds follow.

The next sequence of
deposition consists of
coarse-arained sand-
stone fining to medium-
arained sandstone, to
fine-grained sandstone,
and then to shale.

A break in the section
is made as the next

i2m of deposition con-
sists of alternating
sandstones, siltstones,
and shales identical

tog deposition in the
Llast 1Qm.
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At —186 m deposition
fines to alternating
sitlstone and shale
beds. The recovery of
the core in this
gequence i5 very poor
as the shale 15 very
friable. The shales
in this sequence are
thinnly bedded.

Deposition coarsens
gradually and the next
stage of deposition
cnsists of a pebble
conalomerate arada-
tionally fining to
shale, then coarsening,
and finally fining
upward aagain. The
coarse-qrained sand-
stones are poorly
sorted, but the finer
sandstones are moder-
ately well sorted.




L

An abrupt contact
between overlying
coarse—-grained sand-
stone and shale marks
the resumption of
coarse—grained depo-
sition. This coarse-
grained sandstone
arades into a pebble
conglomevrate and then
alternates coarse-
grained sandstone and
pebble conalomerate.
Overlying deposition
consists of alternatinag
coarse—grained sand-
stones, pebble con-
glomerate, and thick
shale units. The shale
in this sequence was
unconsolidated and

COVe Vvecovery was poov.
The coarse—arained
sandstones ave poovly
sorted., but as the
sandstones become finer
the sorting is better.
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The final sequence of
deposition consists
of medium— and fine-
grained, well sorted,
and subrounded san-—
stones. In several
places on the core

no analysis was
possible for several
feet due to no
recovery. These
areas are reprea-
sented on the column
by the blank por-
tions. These in-
tervals probably
represent shale beds
which were too uncon-
solidated to recover.
The sandstone beds
were well consolidated.
A micritic Llimestone,
tan in color and con-
taining fossils,
occurs at about —-76m.




TOP OF CORE

[Note: Upper portion not
recovered|




Appendix II1
Thin Section Descriptions



Samp Le
Number

W-1-2a

W=1-2b1

W-§-2b2

W-§-2d2

Mineraloay
and Fetr ultwu &
Descyiptio

S4% feldspar,
17% VFR, 174
clay, 9% MRF,

3% opadues,
3% povosity,
trace SRF (chert);

clay matrix,
VREFs are plagio-

clase with a clay
groundmass, feld-
spars are altered
to calcite, MRFs
are serpasntines
ani2 and Ani8 (or
An24 and An28).

0% feldspar, 4%
VRF, 2% SRF(chert’,
24% clay, 9% MRF,
2% opagues; feld-
spars are altered
{o calcite (85%),
clay is both

matrix and grain
altaration

8% quartz,. 334
feldspar (204 plaa-
jioclase, 134 ortho-
clase), 38% VRF, 94
MRF., 1% SRF (chert),
% clay, 3% opajues,
2% calcite, 2% aibb-
site; feldspar i§
hoth cement and
arains, clay foras
arain coat, VRFs are
altered to clay and
agibbsite, MRFs are
serpantins

6% feldspars, 24
VRFs, 1% MRFs, 504
clay, 174 opagues;
feldspars A40Y altere

™A e
Grain
Size

Lithic
arenite

CL 3% mm
med i um
sand-
stone

.39 mm
med | wm
sanid-
stone

arkose

fold- O L 88mm
spathic  wvery
Lith- fine

arenite sand-
stone

Q.7 7mn
coarse
sand-
stona

Lithic

arkose

Average

Sorting
and
FRounding

.38

sor ted
ranae from
R=3.9 (feld-
spar) to

we Ll

R=4.2 (MRF)

( .38

poor Ly

soy ted

range from
=2.8 (feld-

spar) to
R=3,4 (MRF)

T

=0 ,98
moderately
sovted
range Trom
=203

= Q R S (-‘,1
we Ll sorted
Fanas Tron
R=1{ .8 (VRF)



W-1--2d1

W-2-1af

W-2=1a2

to calcite, clay both
alteration on VRFs
and matrix, VRFs are
plagioclase pheno-
crysts in clay
groundmass., MRFs are
serpentines

2% quartz, 144 feld-
spars, 22% VRFs, 234
clay., 5% porosity,
32 MRF; feldspars
have minor aibb-
site alteration,
YRFs have both plag-
ioclase and mafic
phenocrysts, clay
occurs as both al-
teration and matrix

647 feldspar, 30X
clay., 6% MRFs (serp-
entine); feldspars
are 5% altered to
calcite, trace
gpanues, clay 18
both matrix and
alteration product

one large VRF (10X
plagiorlase, 724
groundmass. 34
opaques, 154 horn-
blende); aroundmass
is altersed clay,
hornb lende has
chlorite alteration

3I3% Teldspar., 3&%4
VRF, 30% clay, 1%
gibhbsite, trace
chert; chlorite and
biotite alterations
ococur on mafic
phenocrysts in VYRFs,
feldspar has sericite
alteration but only
1% calcite alter-
ation; clay ocours
as both matrix

and YRF alteration

feld-
spathic
Lith=
arenite

arknse

clast

feld-
spathic
Lith-
arvenite

Q.4 dmm
fine

sand-
stone

G L OFmm
med ium
silt-

stone

O.L855mm
Coarse
sand-
sltone

to
(feldspar)

we ||

R=2

2

e A A

=0, 48

sov ted

range from

R=3.0 (feld-
spar)
fi=4 1

to
(HRF

=9 ,00
pooy Ly
sor ted
range
R=2.2 (MRF)
to R=2.4
(feldspar)

T
=2 .00

fyrom

poor Ly
sov ted



r3

r-J

T =

=¥

W-2-12

-y

feld-
20/
¢z clay,
274

feld-

{% quartz, 3t1%
spar, 8% VRF,
MRF, 1% SRF.,
3% porosity,
opaques; the
spars arve 24 altered
to calcite, trace of
fossils, MRFs are 19X
altered pyroxenes and
amphiboles and 1%
serpentine, the
opaques ocour in
lavers within the
rock

48% feldspar, 10%
YRF, Lé% MRF, 1% SRF
47 clay, 84 povosity,
13%4 calcite, 1%
opaques; 274 of the
feldspars are comn-
pletely altered to
calcite with minor
sericite alteration,

clay occurs as grain
coating, th2 cement
is calcite, both
micritic and sparry
§2% feldspar, 70X
VRF, $3%Z clay., 5%

9% of the
are altered

povaosity;
feldspars

to calcite and minovr
sericite, VRFs have
both calcite altera-

on feldspars
clay alteration
matrix, VRFs are
microlites with
matrix, clay
as matrix

tion
and
of

plag
clay
occurs

2% plagioclase. 85
VRF, 2% MRF, 1% clay,
Q% micrite cement,

1% opaques; sevicite

alteration on all
feldspars, MRFs are
serpentine, VRFs are

lLithic
arkose

Lithic
arkose

vyl -
canic-
arenite

vo L=
canic—
aranite

Q.37 mm
med i wm
sand-
stone

G Cmm
VETY
fine
sand-
stone

6L 7S mm
coarse
sand-
stone

4, FHmim
pebble

v =0 .45
we L L
sor ted
rangae from
v=3.9 (VRF)
to R=2.1
(MRF)

=0 .35
veary well
sorted
range from
R=3.8 (MRF)

to R=3.0
(feldspar)

Y =1 .50
poor Ly
sorted
range
R=1.5
spar’
R=3.1

fyon
(feld-
to

(VRF)

1

=5 .50
gxtremnsly
poor Ly
sor ted
ranae
=2 .1
spar)

from

‘[‘ ]

(feld=



unaltered feldspar R=4.3
in clay aroundmass, (serpentine)
great zonation in

plagioclases

(!
.
i
n
~

W-2-1z4 one VRF (204 plagio-
clase phevnocrysts,
20% mafics altered
to chlorite pheno-
crvsts, 804 clay
groundmass)

W-2-2a1 one VRF (35% plagio- clast
clase phenocrysts
with 704 alteration
to calcite, &5%
clay); small amount
of clay matvyix

=
I
rJ
i
tJ
o

brvozoan, crinoid intra-
fraaments, schino- clagt-—-
dermata spines, 25% bear-
quartz, 3% feldspar ing
in a micritic cement, biomic—
the quavtz and feld- rudite
spar are fairly unal- (fos-
tered but the fossils sili-
are completely micri-  ferous
tized pack-
stone)

W-2-91a 1% feldspar, 70X vo L OL Y Emm o =1.25
VRF, 9% clay, &% canic- coarse  poorly
porosity, 4% calcite, arenite sand- sovted
trace chert; see 94 stone range from
calcite alteration R=2. (feld-
on the feldspars, spar) to
clay occurs as rim, R=3.1 (VRF)
see trace of gibbsite
alteration

W-4-1a% 2% quartz, 314 feld- Lithic .1 4iwm o=0,50
spar, 11% VRF, 424 arkose fine we | L
micrite, 104 clay, sand- sorted
i% povosity, 1% stone ranaa from
opaques, 2% MRF; R=0.9
29% feldspars alterad (quartz) to
to calcite, ¥RFs have R=3.% (MRF)
both plagioclase and
altered mafics miner-
al phenocrysts,



W=4-1a2

W-—-4-1a3

W—-4-11f

W= f

micrite occurs as
both cement and
alteration

4% quartz, 2% feld-
spar, S% VRF, 5%
clay, 374 micvrite,
29% MRF, 124 sparry
calcite, 4% aibbsite;
much sericite alter-
ation on the feld-
spars, YRFs are
altered to gqibbsite,
sparry calcite occurs
as alteration (pro-
bably feldspars),
micrite occurs as
alteration and
cement, clay copats a
few grains

i% quartz., 28% feld-
spar, 1% VRF, 104
SRF, 2% clay, 194
MRF (serpentine),
29% micrite, only

3% of the feldspars
are unaltered,
micrite occurs both
as arain alteration
and cement, clay
occurs as alteration

4% quartz, 24% feld-
spar (3% orthoclase,
249% plagioclase), 1%
SRF {(chevrt), 13%
clay matrix, 3% MRF;
VRF phenocrysts are
all plagioclase and
maftic minevrals
altered to biotite,
clay forms both vim
and matrix, feld-
spars are rela-
tively unaltered

recrystallized
fossils are too0
obliterated {1

LJ
determine sxact

=

phy L L- 2.1 7mm
arenite fine

sand-
stone
Lithic Q. 93mm
arkose coayvse
sand-
stone
feld- GL A40mm
spathic wedium
Lith- sand-

arenite  stone

fossil-
i ferous
wai k-
stone

Y =0 .95
mnoderately
sovted
range from
R=1.2
(quartz) to
R=3.0 (MRF)

=0 .38
moderately
sorted
range from
R=1.2
(quartz) to
R=3.1 (MRF)

=§.§3
poor Ly
sortad
range from
R=1.8
{(quartz) to
R=3.0 (YRF)



W=a=ih

W-5~-1¢C

u -.R _."Z

only (bio-
fossils wmicyite)
micrite

compositions,
identifiable
are forams,
cenent

78% feldspar, 174 arko Q. 23w
ralcite cemant, 24 fine
npaques, 34 fossils: sand-
feldspars are stone
comp letely recrvs-—

tallized to calcite,

fossils are echino-

dermata spinss and

forams, the cement

ig micritic calcite

Cl
Ly
o

2% quartz, S54% feld-
spav, 38% micrite, 1%
MRF, 5% fossils: the
feldspars are altered
to both spavry calcite
(fa4%) and micrits,
micrite includes both
cement and alteration,
MRF is sevpentine,
fossils are forams

0. 38 mm
el iwm
sand-
stone

arkosa

247 feldspar
altered to ca
33% VRF (2% altered
to calcite), 354
micrite, 5% clay, 34
opaques; YRFz have
both calcite (2%) and
chlorite (146%4) alter-
ation on phenocrysts

(R14 feld- Q. 24%mm
alocite), spathic fine

Lith- sand-
arenite  stone

and aibbzite alter-
ation, ftrace of

serpentine, micrite
is both alteration

and comnant

3% quartz, 19% feld- fald- Q. Zmin
gpar, 29% VRF, 23% spathic wery
MRF (sarpentine), L &l fine
&4 clay, 4% arenite sand-
PU\Uflt» 8% aibb- stome
site, 8% opaques,

clay forms a matrix,

MRFs are serpentine,
Teldspars are ex-

range Trom
R=2.9 (feld-
spar?) to
R=5.5
(Tossils)
=0,921

moderately
sovrted

ranas from
h=2.8 (feld-
spar) to
R=5.5
(fTossils)

¥ @ from
R=2.46 (feld-
spar) to
(VYRF)

=0 .85
modevately
sovted
range
R=2.0
(quavtz) to
R=3.3 (MRF?

fyrom



tremely (95%) altered
to calcite

W-5-3f 3% quartz, 204 feld- feld- 9.4 2mm =0.63
spar., 19%Z VRF, 9% spathic wvery moderately
MRF, 27% clay, {194 Lith- fine well sorted
povosity, 1% opagues. arvenite  sand- ranae fronm
2% canidine; the clay stone R=2.1 (feld-
represents both VRF spar) to
alteration and clay R=2.7 (VRF)
matrix, Carlsbad
twinning angles on
the plagioclase
represant An2 or
An3s, feldspars
have minor sericite
alteration

W—-&-2ad i% quartz, 22% feld- vy L= Q. 2%mm ={ .00
spar, 43%4 VRF, 8% canic- mediun  poorly
clay, 26% MRF, trace arenite  sand- sov ted
SRF (chert); 1% of stone rang2 from
feldspar totally R=2.8 (feld-
altered to calcite spary 1o
with rest having R=3.2
minor alteration, (quartz/VRF?

’ 0% of VYRFs altered
to clay, the MRFs
are biotite and
chlorite altered
mafic minerals, clay
forms the matrix

Web-332 2% quartz, 42% feld- phyll- 0.4 2mm /=6, 61
spar. 3% VRF, 4% arenite very moderately
npagues, 304 MRE, fine well sorted
2% rclay; feldspars sand- Fanas from
are faivly altered, stone R=2.,8 (feld-
YRFs5 have plagio- spar) to
clase and mafic =3.1 (MEF)
minerals as pheno-
rrysts, quartz has
undulose extinction,
clay forms matrix.

MRFs ave both
sepentine and
glteyed maTic
minerals
W-é-3af1  51% feldspar, BAX Lithic 0.1 4mm =0.5

i
feldspar altered to arkose fine moderately



W=7-1D

calcite, 2% VRF, sand-
74 porosity., 147 stone
HMRF; feldspars are
altered to sericite
and calcite, YRFs

have mostly plagio-
clase phenocrysts,
MRFs are both
serpentine and
altered mafic
minerals, povosity
probably resulted
from clay dissolu-
tion during thin
section construction

4% quartz, 50% feld-
spavr, 274 VRF, 24
clay, 37 MRF, 14%
opagues; not auch
cement to this rock,

Lithic ¢ .
arkonse

49 mm
very
fine
sand-
stone

just a clay matvrix,
MRFs ave biotite

and chiorite alter-
ation of pyrozena
or amphibole, VRFs
have both rlagio-
clase and mafic
phenocrysts

vy |- 0,27 mmn

canic- mad iwm
sand-
stone

8%

50 MRF,
(104 of
mudc Last), 4
i% opaques; fTeld-
spars all show
sericite alteration
the olay repras unf;
both VRF alteratio
and mairix, VRFs
have mostly plagio-
clase phenocrysts
MRFs are n@|PEnflnE

plagioclase,
2874 clay,
clay is one

=% MRF,

-

8% quartz, 334 feld- Lithic 0.3 bHmn
spar (5% altered to arlkose fine
calcite), 104 V¥RF, sand-

stomne

4%

s
7 iu

13% opagques,
porosity., 134 MRF;
feldspar alters to

calcite in different

clay,

well sorted
R=2.46 (feld-
spav) to

=D 22

P

(VRF)

=0 .53

moderately
well sorted
range from
R=§.5 (qtz)
to R=2.5

(VRF D

J=Q 35

well sorted
ranas from
R=2.0 (fald-
spav) to
F=2 6 (VRF)

modevately
sorted
ranae from
=2.3 (9t2)
to R=2.9
(YRF)



W7

hl - nl? -

fel

e |

a. Tl Al

zones, VRFs have
mostly plagioclase
phenocrysts, quartz
has undulose extinc-
tion

T9%
VRF,

feldspar, 1%

74 porvosity.
3% calcite; VRFs
are wvery plagio-
clase-rich, trace
of serpentine, see
minor calcite
alteration on the
feldspars, poro-
sity represents
dissoiution of
clay matrizx

1y 4
VRF, 2%
cement, 2%
agibbsite,
2% calcite; the VRFs
have trachytic tex-
ture of plagioclase
microlites, the
feldspars display
zonation, cement is

feldspary, 6674
clay, T4
MRF,

3%

spavry calcite,
gibbsite is alter-
ation on YRFs and
clay

¥ quartz, 10%
spar, 34 feldspar
altered to calcite,

T6% MRF, 34 clay,
4% cement, 3% calcite

pove-fill; most of
the YRFs consist of

plagioclase in clay
aroundmass, trace

MRF (serpentine),
less than 14 of

are altered to cal-
cite, Inoceramus
fossil

23U Y

feldspar., &7%4
VRE 2% clay, 1

arkose

14 opagues,

feld-

VRF g

9.1 3mm
fine

sand-
stone

§ .O7mm
VETY

COarse
sand-
stone

yol=
canic-—
arenite

vol- 0. 47 mm
canic- predl §oum
arenite  sand-

stone

feld- 0. %Y i
spathic coarse

=0, 40
wel L sorted
range from
DI (feld-
to
(VRF)

spar

R=3.

Gl ~ 0

=0.50
well sorted
vanas from
f=2.,0 (feld-
spar) 1o
R=3.4 (VRF)

| ~oianr g

GF=0.53
moderately
sov ted

ranas fromn
f=2,1 (feld-
spar) to
=3.4 (VRF)

- 7=
YR . (2

moderately



ite. Lith- sand- sorted
g arenite  =stone ranaas from
5 R=2.7 (feld-

gibbsite, &4 Cca.ic
i% MRF; calcite i
alteration on VRF

and cement, clay spavr) to
occurs as rims, VRFs R=4.,2 (VRF?
are all plagioclase

and altered clay
aroundmass, gibbsite
is feldspar alter-

ation

W-7-14d 4% plagioclase, 64 feld- 0. 35mm V=0, 45
othoc lase, 14 feld- spathic mediun well sorted
spar altered to cal- Lith- sand- ranae fron
cite, 47% altered arenite stone R=2.4 (pla-
VYRF, 274 MRF., 1% SRF., gioclase)
i% clay, 194 ceaent, to R=3.6
i% porosity; trace (MRF )

of calichite, most
alterations on VRFs
tog clay, but at least
one alteration to
calcite, cement i5
sparry calcite (Ani2
or A28 Trom angles
taken

W-7-191 B83%Z VRF, 8% tRF, 1% vy |- 6.7 3mm /=9 .50
SRF, 1% clay, 1% canic- coarse extremely
ralcite, 5% feldspar arenite  sand- pooy Ly
cement, 1% micritized stone sovted
araing; YRFs are range from
mostly plagioclase R=9.9 (MRF)
altered to clay tn R=3.2
aroundmass, calcite (VRF)

nccurs as pore-fill,
about 30%Z of MRFs

have mafic mincgrals,
MRFs are serpentine

W-7-ig2 3% feldspar, 23% vo b= §.33mm &=0,30
YRF, 9% calcite canice very very well
cemnent, % MRF; arenite coarse sorted
mostly VRFs with sand- range Trom
plaagioclase pheno- stone R=2,4 (feld-
crvsts in an spar) to

altered—-to~-clav R=3.7 (VRF)
aroundmass, calcite

cenent 15 sparvy.,

MRF iz Ltered

HE RN is a ey ed

amphibole



W=7=1h

W-7-1aa

W-8-1af

i% quartz, 94% VRF,
4% cement, 14 MRF;
cemant 1§ Sparvy
calcite, the VRFs
have mostly plaaio-
clase phenocrysts,
but some have mafic
minerals, MRF is
serpentine

3% quartz, 25Z feld-
spar, &4 fteldspar
altered to calcite,
i4% porosity, 164
opajques, 5% MRF,
31% VYRF; the MRFs
are altered to
chlorite pyroxenes,
the porosity is due
to dissolution of
clay matrix during
thin section con-
struction

By plagioclase, 1%
orthoclase, 74% VRF.
3% SRF (chert), &%
porosity., &4 feld-
spar cement, 2% HMRF
(serpentine); VRFs
are plaagioclase with
altered-to-clay
aroundmass, povro-
sity dus to clay
dissolution during
thin section con-
struction

i8%
feldspar
calcite, 44% VRF,

% clay, 19% feld-
spav cement., 74 MRF.
1% opaques, trace
SRF (chert); YRFs
are plagioclagse-—

feldspar., 3%
altered to

rich with clay
avoundmass, HRFs are
sevpantines and

altered amphiboles

feld-
spathic
Lith-
arenite

vol-
canic
Lith-
areni te

feld-
spathic
Lith-
arenite

221 mmn
granule

Q.LO%mm
VEYTY
fine
sand-
stone

. 34mm
preacl 1 wm
sand-
stone

G L4 Qmm
very
ine
gavigd-
stone

=1 .63
poor Ly
sov ted
range
R=2.5
(quartz) to
R=4 .0
(VRF/MRF)

Ty on

= .25
pooy Ly
sovted
ranage from
R=1.2
(quartz) to
R=3.6
(MRF/VRF)

=0, 8
moderately
sov ted
ranage from
R=1.8 (feld-
spar) to
R=3.0 (MRF)

=Q, 70
modevately
sor ted
range fron
R=2.9 (feld-
2av) to
R=3.7 (VRF)




W81 h

W-8-1c

W=9--2b

RYYOXienes

14 quartz, 8% pla-
Joc lase, 64 feld-

spay altered to cal-
cite, 574 VRF, 1%
clay, 5% MRF, 1%

calcite,
o lagio-
Clay

gpaques, 1%
VRFs are all
Clase with
groundmass, feld-
Spars have minor
sevicite alteration

clay forms matrigy,
MRFz are 1% zerpen-
tine and 4% amphi-
holes

4% feldspar, 9%
feldspar altered to
calcite, 774 clavy,
27 MRF, &% npanues,
2% fossils; Tossils
are all forams that
are now recrvstal-
Lized to calcite,
clay may be alter-
ation of ¥RFs (too
obliterated
mine, MRFz
serpantine

are

824 VYRF, 5% SRF,; 3%
clay, 14 opajuas;
YRFs are plagio-
Clase phenoorvysts
in a clay ground-
mass with pyroxenes
and amphibolets,
SRF is chert, wminor
aibbsite alteration
on VRFs

1% quartz, 70%
feldspar, A feld-
spav altered to
calcite, 204 micro-
spar. 34 opagues,
24 MRF; microspar
is cemant, micyi-
tized arains occur

to deter—-

Q.1 3mm
fine

sand-
stone

feld-
spathic
Lifth—
arenite

Q.1 Qmm
VETY
fine
sand -
stone

arkose

204 mm
grandgle

vyl =
canic-—
arenite

arkose LI B 1T
veyy
fine

sand-
stone

=0, 90
moderately
sorted
anas
R=2.1
(quartz) t
R=3.2 (MRF

from

u]
)

:'=0A30
very well
sovted
ranas from
R=2.92 (fe
spar) to
R=3.9
(fossils)

=) 50
modarately
sovted
range from
=2.4 (VRF)
to R=2.6
(SRF)

=0 ,65
moderately
sorted
ranage
Fez=22 .9
(quartz) to
Fr=3.3 (MRF)

from



W-10-1b1

W-10-1b2

W-10-1ci

W-10-1d1

W-10~-1d2 &%

(possibly fosgils)
minoy gibbsite
alteration on
Teldspars

2% quartz, SX feld-
spar, {%Z feldspar
altered to calcite,
54% VRF, 104 clay
grains, 9% porosity,
107 cement (spavry

calcite), 2% opasues,
2% MRF, 74 fossils

24 feldspar, 1%
feldspar altered to
calcite, 80X VRF,

% OVRF altered to
calcite, 3% SRF,
5% povosity, 4%
fossils, 14 calcite
povre-Till; most
faldspars unaltered,
SKFs ars mucl—
clasts and 2% chert,
trace clinopyroxens
(MRF

s
wlfn

2% feldspar, 70X VRF,
i% ofVYRF altered to
calcite, 2% clay,

24% ealcite, 14
opraques, 1% aibbsite,
MRF (servpentinel;
calcite is both
cemsnt and alter-
ation, VRFs are both
plagioclase- and
mafic mineral-rich

yu
A

{074 feldspar., 894
VRF, 14 opaques;
feldspars comnpletely
altered to calcite
VRFs campletely
altered to aibbsite

feldspar, 7%
feldspar altered to
caloite, VRE,

~yug
&
e

vo -
canic-
arenite

vo L=
canic-
arenite

vl -
canic-
arenite

wi L~
canic—
areanite

wo |-
canic-
aranite

0. &7 mm
coarse
gand-
stone

0.416mm
fine
sand-
stone

Q.74 mm

G L S 4mm
COAYv S
sand-
stone
(feld-
spav)
0.29mm
CoAYEE
sand-

=0 .58
moderately
sovted
ranges from
R=1.0
(fossils)
to R=2.5
(MRF/feld-
spar)

=0 .88
modevately
sor ted
ravae from
R=1.9 (feld-
spar) to
R=3.0Q
(fossil)

r=4 ,38
pooY Ly
sor ted

randge from
=4 .95 (feld-

spar) to
R=3.% (MRF)

yeq 29
poor Ly
sorted
R=2.6
(feldspar)

={ .25
poov Ly
sorted



W D103

W1 &-1g1

u._

w...

i

{6~

0~-igd

193

ey
L& fu

(chert),
porosity,

1% SKF
clay,; 66X
6% gibbsite; VYRFs
are all clay, gibb-
site is alteration
on VRFs, clay is
both matvix and

YRE alteration

one YRF: 18% bauxite
alteration of feld-
spar phenocvrysts,

724 clay avoundmass
i% quartz, 8% feld-

spar, 734 VRF, 13%Z
SEF {chert), SZ%
VRFs arve plagioclase
and matic minsyral
phenocrvsts in a
clay aroundmass,

clay forms matry
2% nuartz, 8% Teld=-

spar, &&6% VRF, 1%
SRF (chert), 19%

clay, 3% povosity,
1O opagques; con-

both feld-
cemnent and
matrix, VRFs
ave plagioclase
phenocrysts in a
clay aroundmass

tains
spar
clay

2% gquartz, 164 plag-
ioclase, A49% VRF,
i% SRF (chert), 11%
clay, 1% MRF (ser-
pentine): VYRFs are

I

pheno--
clay
clay
matrix
tion of

glorldr@
crysts with
groundmass
forms hoth
and altera
grains

VRF, 9%

564 clay,

parosity, 3%

\
CJLcife; about
of VYRFs are altere

clay;

clast
v L-

canic-
arevitea

v |-
canic—
arenite

7
canic-
arenite

vol=-
canic-
areni te

9. S 4 min
coarse
sand-
stone

0. T Omm
coarse
sand-
stons

QL AS min
COATEE
sand-~
stone

i .1 2mm
wary

coarse
sand-

ranae from
R=2.0

\4u41tz\ to
=3.,.4 (VRF)

=1 .30
poor Ly
sorted
rarvdge
Fe=2.3
(quartz) to
R=4.5 (SRF)

from

=1 .53
poor Ly
sov ted
range
R=1.5
(quartz) 1
R=2.4 (VRF

fyom

2

=@, 43
moderately
well sorted
range from

\'-;:L.'_}
(quartz/VRF)
to R=2.8

(MRF)

« 10
poor Ly
sorted

ranas  from



to aibbsite, clay stone R=2.2

forms matrix, cal- {(aquartz) to
cite arains are h=3.5 (VRF)

altevred feldspars

W-1i-1af 446% plagioclase, Lithic CL 39 ma =0, 41
30X MRF, 10X calcite. arkose medium  well sorted
9% clay matrix, 5% sand- range from
opajques; MRFs are stone R=2.6 (feld-
all serpentine, spar) to
opaques are alianed R=3.6 (MRF)

parallel as if along
bedding planes, pla-
gioclases are very
altered to sericite

W=ii~ja2 14 quartz, 16%Z plag- lithic 242 mn =@, 35
ioclase, 20% ovrtho- arknse medium  very well
clase, 27% VRF, 28% sand-— sorted
clay, 2% opagques, &% stone range from
calcite; the clay R=2.2 (pla-
represents bhoth gionclase)
cemsnt oand alteration to R=4.0
upon graing, calcits CYRF DY
is feldspar altera-
tion, YRFz are mainly
plagioclase with
altered clay around-
mass

W—=1f-9d 6% gquartz, 20k feld- feld- 0. 2% min =0 ,425
spay. 8% feldspar spathic fine well sorted
altered to calcite, Lith- sand- ranae Trom
30X VRF, 12% clay, arenite  stone R=§.2

2% pavosity, T4. (fossils)
sparry calcite to R=3.6
cement, 2% npaques, (MRF 2
8% fossils, 2%
gibbsite, 13% MRF
(altered mafic
arains), fosszils
are too micri-
tized to identify,

VRFs are plagioclase
phenocrysts it a
Clay avoundmass

W-1i-iei 23% feldspar, 4% Lithic 0.1 Gmm - =0.560
feldspar altered to arkose fine modarately
Calcite, 17X ¥RF, sand-  well sforted

2% SRF (cheyt), 4% stone range fron

i



W=f5-191i

by~

-

24 a

§ o

~{i-fe2

1

clay grains, 47%Z MRF
(serpentine), 74

fossils, 1% opagques,

QSZ calcite (altera-

tion and cement)

354 fTeldspar, 274 Lithic L OBmm

VRF, 31%
OPaluUes; opaques
ncocuy as strinaers
concentrated in
layvers, minor gibb-
site alteration on
clay occurs as both
alteration of grains
and coating, VRFs

clay, 74 arkose ey
fine
sand-

stone

are clay matrix
with feldspars

274 feld-
feldspar
calcite,

SRF, 17%

&L 7 3mm
coarse
sand-
stone

2% quartz,
spar, 20%

altered to
164 VYRF, 1%

Lithic
arknse

clay, 3% porosity,
11% MRF, 3% opaques;

eved grains
inoa Llayxuqh %,
MRFs are sevpentine,
Opagues oocur
Lineavly through the
rock, SRF is a

mod clast

very alte

i% quavrtz, 5% feld- Wy |- LA mm
spayr, 447 VRF, 1% Oarse

canic coarse
|

VREF alteved to cal- dmunlfe gsilt-
cite, AL clay; 334 stone

micrite, 11% MRF,
1% sparvy calcite

cyack infill; feld-
Spars ars under-
going much (9042

sericite
alteratio MRFs are
SEY pewillc picrite
1er1ﬁron‘: both
censnt and grain
alteration

aﬁd

calcite

O‘BQMM
et 1w

Lithic
arkose

49% fealdspar, 4%
Teldspary altered to

L0 (feld-
)

.6 (MRF)

o

.50
mode ately
well sorted
range from
R=2. (feld-
spar) to
R=3.6 (VRF)

¥Y=§.19

poov Ly
sovied

ranae from
R=2.0 (feld-
spar) to
R=3.1 (MRF)

=0, 50
modeayrately
wel |l sorted
ranaes from
=20 (feld-
npar) to
R=3.0 (MRF)

=1 .03

poor Ly



L‘J“

W-12

- - 9
e a

)
i

calcite, 24%Z VRF,

i0¥ clay, 44 poro-
1774 opajques,
trace
the VYRFs
have both plaagioclase
minerals
altered to chlovite
pheno-

sity.,
trace chert,
serpentine;

and mafic

arnd biotite as
crysts in a clay
aroundmass, clay
forms matrix

&% quartz, 4%

spar, 48%
clay, 214 sparry
calocite,

cite, 12%
trace calichite;
VYRFs are plagio-
clase-rich,

both cam=nt and
alteration of
feldspars

2907 nlanioclase,
21%Z orthoclase,
19% VRF., 24%
§&% matrix

sity, &% MRF;
MRFs are both
altered
and
and serpentines

(3%)Y, YRFs have
plagioclase pheno-
crysts inoan

altered-to-ciay
groundmass, clay
forms matrix

trace gquartz, 54
plagioclase, 1%

orThocIarﬁ BT%

VRF, 4% clay. 3%
rorosity, trace
MRF ksexpuuliw =)
clay fTroms the

feld-
VRF, 3%

34 aibb-
fossils

we | L
preasarved fossils,
sparvry calcite is

mlay
and B4
grains), 14 poro-

amphiboles
pyroxenes (3%)

Q.7 2mm
coarse
sand-
stons

val=
canic-—=
arenite

Lithic
arkose

0.t Emm
fine

gand-
stone

O . 34min
e b um
sand-
stone

v b~
canic-
aranite

sor ted
range from
R=2.0 (feld-
spav) to

3.5 (VRF)

R=3.5

=1 ,50
proov Ly
sor ted
range
R=2.2
(quartz) to
R=3.7 (VRF)

from

=1 ,00
pooar Ly
sov ted

ranas from
R=2.0 (feld-
spar) to

w=3.00 (MRF)

=1.13

—_—
N

poor Ly

zov ted

ranaga from
=25 (feld-
spar) to

R=3.5 (MRF)



W-12-2q

W-12-2F2

W—-12-2i

VRFs are
very rich in pheno-
crvsts with mafic
minerals altered

to biotite or
chlorite, plagio-
Clases have a com-
position of An®

(or An3i)

matrix,

=y
- &L fu

carbonate vock:
micyite,
i% opaques, 364

feldspar, 3% VRF.
i% sparry calcite
alteration, trace
MRF (serpentinal;

Tossils are forams,
ppaques are inside

fossils, VYRFs have
both plagioclase
phenocrysts and
altered to biotite
and chlorite and
mafic minevals

-y ugs

o ‘u

13%

feldspar,
feldspar altered to
calcite, 3&% VRF,
i&6% MRF., 74 clay,
1% povosity, 1%
opagues, 2%
YEFs have both pla-
gioclase and mafic
mineral phenocrysts
MRFs are altered
gmatic minevals,
clay forms matrix.
minor gibbsite
alteration

2% aquavrtz, 6% feld-
spar, 634 VMRF., 294
clay; YRFs are pla-
gioclase and mafic
mineral phenocryvsts
in an altered-to-
clay groundmass,
trachvtic ftexture
in plaanioclagse
phenoorysts, all

74 fossils,

calcite;

Teld-
Spar-
rich
hio-
micyite
(fold-
Epar-
vich
el -
stone)

& . 2 0min
fine

sand-
stone

feld-
spathic
Lith=-
areni te

Vo - 3. 42 mm
Cani med Wi

anice
arenite  gsand-
stone

=0 . 5€

moderately

we L

sovted
from
(feld-
to
(MRF D)

=0, 80
modesrately

sorted

rande
Re=2.2

spar?
=32

fyrom
(feld-
to
(VEF)



W13~

W—13

W=13~1cC

b1

~1b2

i

mafics are altered
to biotite, the

clay represents both
matrix and altera-
tion on VRFs

16% feldspavr, 60X
VRF, 10% clay, &%
pornsity, 5% opaques;
YRFs and feldspar
have much feldspar
alteration, clay
represevts matrix,
YRFs also have
altered-to-clay
graoundmass

i0% plagioclase, &9%
orthoiclase, &% cal-
cite, 74 clay, BX
YRE, sparry calcite
gciours as cement,

o lay occurs as rims,
trace of gibbzite,
minor feldspar
alteration, szee

calcite vein infill
VREF: 30X plagioclase,
§ZAMRF L elay, 3%
calc ufe. 24 npaques,
8% aroundmass; feld-

hhave minor
(3% and
alteration

spars
calcite
sericits

VRF: 30%Z plagioclase,

i1% MRF, 58% around-
mass, 174 opajues;

YREF has both mafic
minaral and plagio-
clage phenocrysls,
zonation pronounced
in the feldspar,
composition of

ang (or AN30)

VRF :

L tyny

304 placgioclase,
2% agvoundmass, T4
MRF, 1% opadques; have
both plagio anvid

- o
clase

Q. 20mmn
Tine

sand-
stone

vo k=
canic-
arenite

Q.05 min
coarse
& 1t
stone

arkose

clast

clas?

=1 .60
poorly
sovted
range
R=2.
spar)
R=3.4

from
(feld-
to
(VRF)

Ly S 4
a b )

moderately

sorted

ranga
it

PO

=0y

from
(pla-
gioclase)
to R=3.3
(YRF)



W-13-1d

W-13-1dd

Wef4-1a2

W~f4-1a3

W1 4-1c

mafic minera

crysts in oan

to-clay

alt

1
calcite, 424
4%

sparry ve

cite, 44
14 tlav;
oCCuYs as

opa
mic

and grain al
tion, trace
tized fossil

VERF: 35% pla
clase, 3% Ca
alteration,

1roundmaJJ;

mass is all
find albite
which vield

positions of

Cor ANZ9)

YRF: 5% feld
12% Teldspar
altered to <
HO% aroundims
calcite

204 aibbsite

calichite

g o
254 fe

VRF :
5% feldspar
to caloite,
groumntdmnass,
Wl nera
aroundmass 1S
altered-to-c
groundmnass

2% plaagioclas
orthoclass,

2% MRF, 19%
Clay

SGibhb
are
unaltered, c
forms matrisx

site,

vyaimn

ls pheno-
alterd-
groundmass

Y

P

eraed 1o

micyrite,

in cal-
ques,
rite

cemert

tera-
micri—

a -
lcite
62

& fu

ground-—

clay,
twins
Com=
A @

spar.,

alcite,
r-r~ o

P

1nfill,

s
in

Ldspar,
altered

;v
(o RPN
4

b wll
la

P
L, i
T24 VRF,

forns matrix,
VREF 99% alter:
feldspars
ralatively

@l o

Lay
arel

TH mafic
3 | Phwnnvl“lqts;

arkose QLT dmm
fine
sand-
stone

clast

clast

vy |- T o S i
canic= WETY
arenits Ccoarse

sand-
gtonea

wall sorted
R=2.8
(feldspar)

-3

o P

poor Ly
=ovted
A
~--’7 o

N A A

very

from
(pla-
dluuldse)
to R=4.0

(MRF )



W-14-1¢c2

W-f6-1b1

W-f6-1b2

W-15-2e

arain alteration
T4% VRF, 297% cal-
cite (both micrite
and sparry), 1%

clay, 3% MRF, 1%
fossils; srparvy
calcite forms

cement (141742,
micrite is alter-
ation of VYRF and
pore-fill, fossil
is schinoid, MRFs
are altered
amphiboles

trace quartz, Q%4
feldspar, 134 feld-
spar altered to
calcite, 6&6% VRF
(1% altered to
calcite), 4% clay
rim, S7%4 povosity.
2% opaques; VYRFs
are mostly plagio-
clase phenocryvsts
with a few mafic
mineral phenocrysts,
plagioclas® has An9

(ory AN32) compo-
sition
3% quartz, 28%

feldspar, 8% feld-

spav altered to
calcite, 8% MRF
(zevrpentine), 14
SRF (chert), 10%
clay matrix, 104
altered to clay

grains, 29% VRF,
3% opagues; YRF
phenocrysts ara
plagioclase with a
few matTic mineral
phenocyy ffs. clay
arains are altered
VYRF s

24 quartz, 304

ry ey ny

plagioclase, 23%

vo |-
canpc-

arenite

feold-

spathic

LT ti=

arenite

@ld=-

spathic

Lith-

aranite

Lithic

J]AU“i

2. 30mm v=4,25
granule extremely
poov Ly
or ted

range from
(=2.5 (MRF)
to R=4.5

(fossil)
Q.31 mm =0,413
medium  very well
sand- sor ted
stone raﬁqe Trom
R=2.1 (feld-
»par, T o
R=3.2 (VRF)
3. OPmm =07
VETY moderately
fina sorted
sand- ranas from
stone R=2.2

(quartz) to
R=3.0
(MRF/VRF)

=0 ,88

moderately

9.1 Smm
fine



orthoclasa, 154 VRF, sand- sovrted

% clay, 134 calcite stone ranae from
cement, 24 opajues, R=2.1 (pla-
4% MRF; the VRFs are aioc lase)
plagioclase with {o R=3.5

altered-to-clay (MRF )
groundmass, plagio-

clase angles yield

Anis (or An24)

composition

W-17-1a1 11% feldspar., &4% v |- Q.1 4mm =0, 30

VRF, 8% clay, 16% canioc- fine very well
feldspar cemant, arenite  sand- sorted

1% opaques; VRFs stornes range from
are almost all pla- R=3.3 (VYRF)
gioc lase phenocrysts to R=2.7

in an altered-to- (feldspar)

clay agroundmass with
minor aibbsite
altevation, clay
infills cracks,
cemnent {5 albite

W={7—1a2 92% sparvy feld- arkose @.i5mm ¢ =0.25
spar (both cemnent fine very well
and altered feld- sand- scliud
spars), 1% poro- stone R=2
sity, 774 opagues; (f
once feldspars
with calcite
cens=nt but now
avery feldspar
altered to calci

eLdeal)

2
te

W-=47-1bd VRF: &% plagioclase, clast
74 ovthoclase, 83K
agroundmass, 24
opadues; minor
alteration on feld-
spars to calcite

W-§7-ib2 trace quartz, 21% feld- G, AGmm =0, 43
feldspar, 55X feld- spathic medium well sorted
spar altered to Liths sand- ranga from
calcite, &6% ¥RF, arenite stone R=2.2 (VRF/
trace serpantine, feldspar)
trace chert, 34 to R=3.0

clay, 3% povosity, (MRF)

rite; VRFSs
have both plagio-



W=-17-1c

W-17-1e

W=17-1h

clase and mafic
mineral phenocrysts,
twinninag anales
reveal Anid (or
An20), trace aibb-

site, clay forms
matrix, povosity

reflects clay
dissolution during
thin section con-
struction

trace gquavrtz, 124
plagioclase, 4% pla-
gioclase altered to
calcite, 75%Z VRF,

% VRF altered to
clay, 7% calcite
cement, 174 calcite
pore Till; sparvvy
calcite cemeant, VYRFs
have both plagio-
clase and mafic
mineral phenocrvsts
5% feldspav, &63%
VRFE, 1% MRF (serp-
entine), 1% SRF, &%
cement, 134 pore-
fill, 3% gibbsite,
A% calichite; cement
is sparvyy calcite,
most VRFs are
alterad to bauxite,
plagioclase angles
reveal composiltions
of Ani8 (or AN27).
an2e, Anté (ov An23)
YRF: 47% Teldspar,
45% aroundmass, 8%
faldspar phenocrysts
altered to calcite
feldspar (47X
plagioclase, 2%
orthoclaze), 267
YRE, 194 clay.,

24 chert, 4% poro-
sity; VRFs are
mainly plagioclase

49 7%

vo -
canic-
arenite

O.49 mmn
med i um
sand-
stone

vyl T .9 Qo

canic— VETY

arenite coarse
sand-

stone

RN e 5
L LC'.') l

. 350m
mead |um
sand-
stone

Lithic
arkosa

wwiy P&
=4 . |7.i

moderately
sorted
ranage from
f=0.5
(quartz) to
R=4.,1 (MRF?

4 .15
poor Ly
sorted
ranae from
=2.,5 (feld-
spar) to
(VRF)

=0.58

moderately

we l L sovted
range Tyrom
F=2,4 (pla-—

ioc lase)

< i
to R=3.1



phenocrysts with an (VRF)
altered—to-clay
aroundmass. minor
calcite alteration
on the feldspars,
plaginclase angles
indicate Anii (or
an2?) composition,
clay represents
matrix and garain
alteration

W—-17-2a 84% VRF, 153% cal- vy |- ton

cite cement, 1% MRF canic— coarse
(serpentine); VRFs arenite to de-
aras altered-to- tevmine

calcite feldspar
phenocrysts Iin a
clay groundmass,
sparry calcite
makes up cemant

W-i2-1c carbonate roock: 5% plagio-
feldspar with only clase,
minor alteration, VRF -

24% altevred VRFs; bearing
micrite with fossils micrite
not identifiable (plaagio-
(i present? clase-

VRF mud-
stone)

W—-18-4d 8% quartz, 18% feld- Lithic OLO02mm o =1.50
spar, &% feldspar arkose madium  poorly
altered to calcite, silt- sorted
3% VRF., 3% MRF (sevr- stone range from
pentine), S2X clay, R=1.9
=% opanues; the clay (quartz) to
i both matrix and R=2.5(MRF)

YRF alteration, feld-
spars ave hiahly
altered to calcite

W-{9-ia trace quartz, 74 vo lL- 6. 44mm =(), 388
plagioclase, 2% canic- medium moderately
orthoclase, 74% VRF, arenite  sand- zor ted
SL oMRF. 2% clay; stone Fanas from
VRFs are plaaioclase fe=1.5% (pla-—-
phenocryst-rich with gioclase)
an altered-to-clay to R=3.6

aroundmass, feld- (VRF)



W-19-1b

W-{2-2c

W-19=2q 1

spars are fairly

unaltered, HMRFs are
serpentine. clay

forms matvix

i% feldspar, 93% v L=
VRE, 1% VRF altered canic—

to calcite, 2% clay, arenite
1% ralcite pore
fill, 2% gibbsite;
swe a trace of a
fossil, aibbsite is
alteration on VRF
20% plagioclase, arkose
{9% orthoclase, 20X

feldspar alteved to

calcite, 74 opajues,

2% calcite, 324 clay

(hoth arains and

matrix): opajques

occury in lavers,

almost all of the

calcite is at least

partially alterad

to calocite

§i% quartz, 304 feld-
spar, 64 feldspar
altered to calcite,

feld-
spathic
Lith-

45% VRF, 2% SRF arenite
(chert), A% MRF,

i% calcite
pore Fill; clay

forms matrix and
altered grains,

ave plagioclase
phenocrysts in an
altered-to-clay
groundmass, may
the beginninas

phyllosilicate

Coemet

194 tlay,

VRF s

e
of

feld-
spathic
Lith-

areni te

A4
Y iu

ET w7
=Z lu

trace quartz,
plaaioclase,
foldspar alterad to
calcite, VRF,
197 clay, MRF .

ALY
P e

§47%

2% opaques; thick
clay coat survounds

QL ATmm
e iwm
sand-
stone

Q.29 mm
fine

sand-
stone

OL i S
fine

sand-
stone

Q. S
vaEry
fine
sand-
stone

=1 .95
roorv Ly
sorted

range from
R=2.2 (feld-
spar) to

R=3.7 (VRF)

=1 .00

poov Ly

sov ted
ranae from
R=3.2 (pla-
gioclase)
to R=3.8
(opagques)

v L H0
moderately
well sorted
range fromn
R=4.0
(quartz) to
R=3.7 (MRF)

=0.38

well sovted
ranae from
R=2.95 (pla-

aioclase)
to R=3.0
(VRF/MRF)



W1 9202

W-19-293

W-20-1a

W-20-1b

sll arains, MRFs

are sevpentine
YRF phenocrvsts are
maftic mineral-vrich,

may be beainninds
of phyllosilicate
cemnsnt

2% quartz, 4774
foldspar, 2% fsld=
spar altered to
calcite, 16% VRF,
9% MRF, 1&6% clay,
5% micrite, 34
calichite; clay
forms matrix., VRFs
have plagioclase
phenocrysts with
an altered—-to-clay
uxounquqd, MRF 5
are sevpentine and
pyroxene, may have
beginninas of
phyvlllosilicate
cement

254 feldspar, 9%
foldspar altered
to calcite, 434
VRF, 11% clay
matrix, 474 altered
arains (to clav),
3% opagues, 54
opaques aligned

paraltel to bedding,

much alteration of

plagioclase

54 gquartz, 104
spar, 274 feldspar
altered to calc
% OVYRF, 3774 alter
to clay grains, &7
MRF, 4% fossils,
25% opaques; To
are forams, clay

araing are probably
relict VYRFs

my e
w3

3% auartz,
spar,

in VRFs

MRF ;

-

feld-

i te,
ad
s5ils

i feld-
234 Teldspars

>

o

Lithic

arkose

fold-
spathic
Li th=
areni te

arkoses

feld-

spathic

0.1 3mm

fine
sand-

stone

€. 4 9mm
VETY
fine
sand-

stone

L D% mm
coarse
silkt=

stone

3. 5
coarse

]

4

=0.463
moderately
well sorted
ranae from
R=1.6
(quartz) to

R=3.2 (VREF)
={.10
poov Ly

sovted

ranae from
N 3.8 (feld-
spav to

h="6 (VRF)

=1.50
poor Ly
sor ted
ranae fyrom
=9 .1
{quartz) to
R=3.6 (MRF)

=R LT5

moderately



altered to calcite, Lith- sand- sor ted

34% VEF, 1% SRF (mud- arvenite stone ranae from

clast), 114 clay, 7« R=2 4

MRF, 1% aibbsite, 5% (quartz) to
micritized arains; R=4.0 (MRF)

maviy feldspars
(mainly plagioclase)
and YRFs in a clay
matrix, MRFs are
serpentine, plagio-
clase anales reveal
composition of

Anz2 (or An3Z)

W-20-1f 19% plagioclase, arkose 0.1 Pum Y=0,.55
8% orthoclase, 1% fine moderately
VRF, 17 MRF, 2% sand-  well sorted
SRF, 1% clay grains, stone range from
404 micrite, X R=2.8 (pla-
porosity, 13%Z clay gioclase)
matrix, trace forams; to R=4.5
plagioclase angles (MRF)
(albite) veveal
Ani3, AnZ (or An34),

&né (or An34), the
micrite is micri-
tized araing, the
clay grains are
probably altered VRFs

W-=20-9h 4%% orthoclase, 14% fold- QL5 bmn - N 010]
plagioclase, 26% spathic fine poov Ly
VYRF, 37% clay, 4% Lith- sand- sorted
calcite vein infill, arenite stone vange from
{34 sparry calcite R=2.0 (feld-
cemant, 5% MRF; olay spar) to
repyresants altevred R=3.2 (VRF)
ayains (probably
once VYRF?Y

W-24i-1a carbonate vock: 2ZBX Teld-
feldspar, &6%9% mic- spar
rite, 3% opaques; micrite
micrite is cement (-

stomnes)

W-21-4ef 4% guartz, 3742 pla- Lithic &L Smm =0, 38
aioclase, &X ortho- arkose fine well sorted
clase, 34174 VRF, 21% sand- range from
micvite, 29% micrite stone R=1.9 (feld-

(both grains and spar) to



W-21-fe2

We2g -1 f 1

W-21-faa

cement) 14 opajques;

YRFs are altered-to-
clay aroundmass with
both plagioclas

mafic mineral

crysts

2774 feldspar, 25%
feldspar altered 1o
calcite, 23% VRF,

&% MRF, 16% calcite
cement, 3% porosity;
feldspars are 90X
altered to calcite
VREFs have mostly
plagioclase phano-
crvsts in oan

altered-to-clay
matvrix, clay vims

around the grains
MRFs are serpentine

i2% plagioclase, 134

orthoclase, 19%

feldspar altered to
ey

calcite, 234 VRF : 37
VYRF altered to cal-
cite, 54 MRF, 64

clay, 13% sparry
5% micvite, trace
chert; the wicrite

TEP)ES@HTE fossils
completsly alterad
to micvite, clay
forms vim around
araing, VRFs have
plagioclase pheno-
crysts in a clay
aroundmass., plagio-
clase compositions

are Mia (or AnZé)
23% Teldspar, 3904
feldspar altered to
calcite, 104 VRF,

1% SRF (chert), 2%
clay vim, 114 sparvry

calcite cement., 1%
pDYroOsity, 144
micrite, 8% MRF.
feldspars are wvery

Lithic Q. 18mm
arkose fine

sand-
stone

Lithic
arkose

QL d T mm
fine
sand-
stone

O .39 mn
me! ium
sand-

stone

Lithic
arkose

R=2.7

(quartz)

=0, 30
very well
sorted
ranae from
R=2.1 (feld-
spar) to
R=4.,0 (MRF)

a=0.37

well sorted
range from
v=2.4 (feld-
spar) to
R=3.9 (MRF)

o =f .05

poor Ly

sor ted

ranga from
R=1.7 (feld-
spar) teo
f=3.6 (VRF)



W-

W~

1y}

-22-1ib

22-fe

~23=1b

altered to calcite,
micrite represents
altered grains

22% feldspar., 51%Z
faldspar altered to
calcite, 154 sparry
calcite cement,

5% opagues, 3% clay,
47 MRF ., mino
fossils; opagues
occur as infilling
of fossils, diffi-
cult to distinguish
begtwsan feldspar
altered to calcite
cenent, MRFs are
5erpent|ne

arkose

trace quartz., 39%
plagioclase, 28%
clay, 7% calcite,.

194 opagues, T4

MRF (serpentina),
Tn tTossils; clay
occurs as matrix

arain alter-
plagioclase
iz fairly unaltered,
fossils are alobo-
gevinid and schino-
dermata, calcite
OCCUYS as pore

fill and wvein

infill

and as
ation,

% feldspar., 4% feld~

feldspar altersed to

calcite, 124 VRF, Lith=
78% clay, 1% MRF, arenite

~yuy

4oopagues, 24
ossily; feldspars
very altered to
calcite, foszils
are forams, rlagio-
clase compositions
are Ani2 267

_g.,.u

(or Andéd?
carbonate vock: Z?Z
feldspar, 4% fossils,
3% npaques, 10% MRF,

Tesld--
spar,
FHRF -

spathic

G .1 &mm
fine
sand-
stona

Q.27 mm
e

sand-
stonea

=§.13
poov Ly

or ted
range from
R=2.92 (MRF)
to R=3.4
(feldspar)

={.75

poor Ly
sorted
range from
R=3.5 (pla-
gioclage)
to R=4.1
(opagques)

=2,00
poor Ly
sorted
vanas from
R=2.0 (feld-
sparv) to
R=5.0
(fossil)



W-24~

cCove

ia

138

347 calcite;: opajques hearing
form pore fill for bio-
fossils, a few micrite
fossils have been (fossi -

jferous
-

recrvstallized,
fossils are forams

and echinoids, MRFs stone)

are serpentines

5% quartz, 48% feld- arkose Q.07 mm
spar (comp letely very
altered to calcite), fine
35% clay, 4% poro- sand-=
sity, 1%Z calcite, stone
67 opaques, trace

fossils; clay occurs
in Linseations,

trace serpantine
clay represents both
matrix and altera-
tion of VRF grains
19% % f.30mm

feldspar, feld-

VRF, 3% MRF (serpeaen- spathic very
tine), 24 clay, 32% Lith- coarse
calcite, 1% opaques, arenite sand-

23% SRF (fossils);
fossils are echinoid
plates, inoceramus,
and forams, some
micritized and some
recrystallized, VREFz

stone

are relatively unal-
tered, sparry calcite

includes both cement
and vrecvrystallized

i oy g 3}
S5t LS

MRF, &61% feld- arkonses @1 dmm

20%

spar, {4 quartz. &% fine
Opanues, 2% clavy; gand-—
MRFs are both ser- stone
pantine and mafic

altered to
chliovrite, ses tracse
of echinaoid frag-
meant, one well
presevved clino-
PYTORBNE, Opaques
occuy Linearly,
feldspars are too

minarals

v =200

poov Ly
sorted

range from
R=2.3 (feld-
spar) to
R=2.9

(auartz)

=§,10
poor Ly
sor ted

range from
R=2.5 (feld-
spar) to

R=4, 1
(fossils)

=0.38
wall sorted
ranae from
R=f .0
(quartz)
R=3.3
(feldspar)

to



core 148

core &5

altered to calcite
to distinauish type

1% quartz, 62% VRF,
i1% feldspar, 11%
MRF, 24 chevt, 13%
albite cement; YRFs
are all plagioclase
and clay with
cement, MRFs are
serpentine and
altered igneous,
see 50X of VRFs
altered to clay
compozition, trace
opaques, feldspars
look to be all
plagioclase

2.0 ruwavrtz, &1%
YRE, 124 MRF, 15%
calcite cement and
vein infill, 9%
plagioclase, 1%
orthoclase, MRFs
are botlth serpen-
Tine and altered
matic minsrals,
VRFs hawve mostly
plagioclase but a
few mafic minsrals
as phenocrysts,

35% fTeldspar., 4%
MRF (sevpentine),

% calocite wein
infill, 324 clay;
clay ix both matrix

and alteration of
draing, sSes very

larae calocite vain
=4

YRF, 9% quartz,

Hre Teldspay altered
to calocite, 10%

-

I"TF\. F: VRFs
have both plagic-
clags and mafic
minerals as pheno-
crysts, feldspars
comp letely altered

clav, 1%

albite

vol-
canic-
areni te

v |-
canic—
arenite

Lithic
arkose

aren te

Q. 2Cmm

fine
sand-—
stone

.1 Bmm
fine

sand-
stone

QL 30mm
med um
sand-—
stons

=@, 81
moderately
orted
range from
R=2.
Juqrtz) to

=057
moderately
sovted
ranas2 from
R=2.0
(quartz) to
R=3.3 (VRF)

=0Q.,61
moderately
sovted
vanae from
R=3.6 (feld-
to K=4.0
(HRF D

=4 ,085
poov Ly
sorted
ranas from
R=2.6 (feld~-
spar) to

R=4.2 (MRF)



r
c
i
G4
o~

to calcite, MRFs
are serpentine

% quartz, 204 pla-
gioclase, ~ ovrtha-

clase, 59% VRF,
calcite, 1% MRF

(serpentine); cal-
cite occurs as both

cement and pore-
fill, feldspars

relatively unal-
tered, VRFs have
both plagioclase

and mafic minevral

phenocrysts

spathic

arenite

=062
moderately
well sorted
range Tronm
R=2.5

(quartz
R=3.9 ¢

) to
VRF)



