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ABS'TF\'AC::T 

Th;:;• lJindsor F·or 1ï1a t ion. in north-central. ...J.::1ffid i c: .J' 

crops out as a 1000ft ( 3tJO:ï:) 

sanclsTonr:.•s, shal.r::.•s . a n cl rn i c i- i t i c 1. i rn P s -!: o n r::.· s i::-~ :< i: E'' n d i n q i n t o 

t f1 E~ S U b 5 U l .. f 2. C f:"• 2'7'0111,. Th e l>..I i n cl so i.. For· 10 a t i on 

represents denosition of a deeP sea fan into the St. 

Ba s i n cl u r i n .:1 t h f.~ 1. ,;: t e C 1 .. e t ,?. c: E~ o u s foi- li'! .::i t i on o f t h e 1 s 1. a n cl o f 

...Jar11a i ca '· D •?. P ci s i t i on oc c lff 1 .. e d i n c v c: 1. P s • Eac:h cvcl.e is 

comrosed of a basal. conqJ.omerate l a v e i- c o n t a i n i n q c: o b b l. f.~ ·-

sized cl.asts. which fin e~ upward into sandstone. then shal.es 

a n c! 111 i c r i t i c L i f1)f.:'S t Orlf.:'S. These cvcles mav rerresent the 

avul.sion of submarine f~n c:hannel.s. Pal.eocurrent anal.vsis 

rev eal s the di rect ion of sediMent transport to be to the 

northt:.·ast .-

Coff:pos i t i Dna L 1. Y .. th e Windsor Formation 

vol.canic rock fraqments and zonecl pl.aqiocl.ase 

indicator s of derivation fr·orn volcanic 

i _c:_; r 1 ch Ill 

f e 1. d s p -::1 1 .. s . 

hi qh l.,71nds. 

SerPr.:·ni: i 'il(", chert , deep water micritic i 1ï1F·~" i: Oïl01 5. 

f r,:i C1ff1ent s . and scarce quartz 1n th e l>..I i nd~;o·1 

s F! cl i 11·1 en t s i n cl 1 c .;,, t t-.· a n o P h i o 1. i i" E· P 1 .. o · . ...-.::··na n c F:: ·' CPrnî:.·:·n t t YP t-.•s 

r- r· es· en i: i n t h e se .:J i ri"1 t:' n t s 1 n c 1. u cl t:~. c 1. .:: y s . "' 1. l:i 1 t e c ::i 1. c i t €' , .:i n cl 



p h .,, 1. 1. o s i 1. i c a ·t e s • F 1- D rn t h E· c E· rn E· n t 1ï1 i n e r a 1. o ci 1 E< s . t h E.• d e P ·1 t 1 o f 

burial of the sediments is inferred to be 3000 to 4000ft 

~ î 0 0 0 t Ci i 2 (-) 0 f11 ) • 

An anal.vsis of the heat flow data calculated fr Of1' 

i n f o 1- rn a t i ci n s u. P p 1. i E· cl b y F' E· t 1- D J a rn a i c a ' s W i n d s or :::: i i n d i c: ;;1 t ;;.~ s 

a Pres2nt-dav heat f Low of 0.96HFLJ. Compared reqionall.v 

w i t h o t h E· r C .::1 1- i b b E· a n b a s i n s . th is val.uE· is o:iuite l.o\AJ and 

indic ates the Windsor Formation to be Located in .a cool 

tectonic basin, the St. Ann's Basin. Vitrinite refectance 

values from Rodriques (1982) and PetroJamaica also indicate 

the Windsor sediments to have had a cool thermal historv. 

The petroqraPhic findinqs, data. 

dE·PDS i t i on.:11. svstt::•rns an.::1 l.ys i s, 

DtaPë.:·r ;;.>t dl. i?'/6). ;:ire consistt.:·nt ti,1ith th.::· hvpotht::1sis that 

thE• St. r:1 n n ' s B .:,1 s i n 1 .. E.· P 1 .. E:< s t=· n t s .:i C 1 .. e t .::1 c E· o u s f o :· •:·:· -- a i .. c b a s i n 

with a suoduction zone dipping South or Southwest. and 

support to the reqional roodel.s kinematical.l.Y proPosed bv 

F' f:.' 1- f i t a n cl HP t:' z en ( î s:· 7 fi > • 

i \.' 
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STA1EMENT OF TUE E80BLEM 

The rur·pose of this studv is two-fold. i t 

1,1) i l 1. ciE~SCï i br:.:: and s ;;_~cl i fil E· n t .::i r v 

rerrol.oq v of the Windsor Forroation. s t '· ~l .:JJÏl.:':l i c: 2J •. 

Sr:.,c:onc!Lv. thi.::· inf(·•rrn ,]t ion ~\li i 1 br: ust=:cl i:o intel .. Prr::~t asPE·c ts 

of the tect onic evolutionar·v historv of the St. Anr1's fi3s1n 

an cl t 1-, u. s 1u1-- th r:.:· r d E· f i nt::· th r::.· Cri::: t <:1 c: E· o '.1 E "!: i::· ·:: ton 1 c: h 1 s t or y of 



Jarna i c.a, i·oci ay , Lies on the crest of the Nicaraquan 

ï-< i se. ( F. i ci u i .. e 1 ;. a s ubo c eanic ridcie that fo r ms the western 

E· :< i: E· n s i o n o f t h e G r· E• a t e y· {:, n t i 1. 1. F· s {', 1- c ( p, l .. cl e n , 1974),. Th E· 

Cre taceou s rocks o f Jamaica. their compositions. 

env i r· on men t s o f cl E· P os i t i on a r E· a p l- o d u c t o f t h E· tee tonie 

-:-1 C t i V i t Y d U i'" i n CJ tht> time of Jamaica's formation aç an 

isl.;,1nd. 

The Wind sor Formation, a Late Cr·etaceous ter·1-- i C!E~nous 

dt:·posit. was chosen for studv. ThE· t.! i nclsor i s l.Cica ted on 

the northern coast of Jamaica and torms part of the St. 

A n n ' 5 I n 1. i E· l'" ( F" i q u. r E~ 2 ) , is one of 

se ver· a l i s o L .::~ t e ci sur·face occurrences of clasti c Cretaceous 

r·oc:k E o n .. Jarn.i:l i c: .:::: ~1Jl": nse surfac17;,. .:ir::.·o Lociv i s l. .::ircie 1.·:,' Eoct:.•ne and 

Mioc:ene carbonato rocks. 

The Windsor Formation represents the l.owc·r· 10(·)0 feet 

( 300 (Jlf3 t f.:•)"" 5) of tht::' St. An n ' s Se·~ u en c e , a n cl i t r· t:~ p r e s f.-~ n t s 

ob sr::.··r vecl depos i t ion o f se cl i r11 ;;_~ n t s into a 

t E~ c t o n i c b a s i n .. h E~ 1-- E~ i n n a rn E~ ci t h f:.' S t . Ann's Basin CFici. 3) • 

It w i 1.1. bE< shown th at sed i r11en t deposition con s ists of 

sever· al hicih enE~1--qy i n f 1. u x es· o f c o a i- se c 1. a s i i c 

material.s into the basin fol.Lowed bY periods of quiessance 

i n w h 1 c h 1. o w t'.' ·1 f.' n f.-' r· si y , quiet water deposition p r edom1nated. 

ThP hiqh enerqy Pui.ses are repre Fentecl b y t h P C 0 <:l ï ' SE• 

c: on ci 1. o 111 E~ i-- a t e unit s f ounc! in th e Windso r ForMation. The 

.;i u i e i E· ·1 , L o w E~· ne r q '\/ cl E· P o s· i t i o n i ·- r· E:· P r r:.:• s e n t e d b ,, i h 1 c: k s r·, <:1 1. ;;_~ 



F i q u r e i ·' Loc 2: t i on iil a p i 1. 1. u. s ·t. l "' a t i n q J .::r r1 ·1,~1 i c a ' s p r t:·; s r:.~ n t -- cl a '>' 
position and Plat~ boundaries in the Car ibbea n (from Svkes 
t=d .::l 1.. 1 1 982) • 





/ 

Ficiur•? ). L .. oc:ai:iCJn of the Cretaceous lnliers 
Chu.Lib, i:hE· PCiS it i Cin of i:hE· (.:;i fi:t:!':"' 

Inlier on the nor· th-central coast. 

.. _ _; 

of Jarna i c:a 
S'f: ... Ann's 



km 



Fiqure 3. St. Ann ' s Bay study area with outcror Locat i ons of 
t h f.~ kl 1 n cl s Ct r F~ D r fl'1 a t i c:i n ( d e s i CJ n .-=: t t:· cl !( 1i.1 ) • 

7 
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d ['" P D S i ·! I 0 n t~' j i h thin I ensE·s 0
.(. 
I dE·E· P wa ter carbein a tes. 

I propose the sediments of the St. Ann Is r:as· 1 n c,:1n 

pr·ov1dr:· 1ns1qnt into the tectonics of Jamaica durinq the· 

Cretacpous. Previous wor kers have suqqps ted Jamai~a formed 

durin g the Cretaceous as a volcan i c isl.and resu lt inq from 

subdu.ction. Hot~it.>vpr· . the pol.aritv and stv Lt:? of this 

subduction have onl.v been previously qeneral.ized. It iD the 

ob i e c: t i v e o f t h i s p a P er· t o e x a rn i n e i n cl e t a i I. t h e p r· P ·-· E. o c en e 

St, ~inn's Ba:::; in' s- r:::v o I. u t ion. st::>d i m•?nt [ () ffl r.' () 5 j t i () n 1 

depositional svstems, t h e i .. 111 a I. h i s t o 1- v . .:incl tht:~ tt:~ctonic 

1 rn :··, I i c a t i Ci n s o f a I. I. t h E· s t::·.> f '°1 c: t o 1- .:: • 

METHODS 

tc• full.v invi:::~sticiatt:" the li.l1nclso r. va·i""ious 

1111:.~ T h o d s for· s t u cl y ~.., e ·r e e r11 P I o '>'P d ·' F i 1 .. st th 0 .. Literature on 

,. I .::1 ff: d i c: . .:i .:1 n cl C .:1 r· i b b E· ,.:i n t Pc: 1 on i c ff1 o c! e I. s w .:: s r· e v i t::· tiJ e cl • Next . a 

s ':' ~=· t c;. :t": ::: t i c f i r-.:· I. cl ;:1 n <'1 I vs i E t h r o u o::i h 111 app i nq .:incl sar1 1P I. i nq in 

~· 



JaMaica was COMPieted. In ;:i d d i t i on to + 1· 1 t'' o u t c f' c' ~· s ':1 ri"1 P I E· <~ , 

c o i .. f-" s a ff: P I. e s f i .. o 111 r-:· lo' t ; .. o J ,:1 1!"1 .::1 i c a ' s t~! i n cl s· o ·: .. we I. L 

obta ined froM PetroJamaica to comPLete the studv . The 

sc1111p Les exami ned petroqraphicallv t Ci 

compositional trends. HP.::1 t f low data fro m the Windsor ~1 

P r· o \/ i cl lo; d i n f o i .. i1l a t i on an.::'! l.Ys is of the basin. 

Final.Iv al.I. of the findings were svnthesized and arplied to 

the tectonic history. 

A comprehensive field study of the area was conducted 

1n the summer of 1982. This investict.:~tiDn t::·nt.::ii l.t:~d bDth 

r11 a P p 1 n q <:1 n cl s a 111 p L i n q o f t h 1,::! t.! i n d s or· F. o r r11 i:l t i on ., 

studv was restricted to outcrors of excellent f? x p D s L\ i .. ;:.:· on 

ancl near thE· St ... Ann' s River since iunql.e veqetation 

covered t he rocks in all. other areas. 

.::1 p p i-- o :< i 111.':l t c:• I. y D n <:.:• .... h .::1 I. f r11 i L F· ( 0 • fl k rn ) wicl E· and 

1: 4.Bkrn) l.onq (Fici. ~3 ) A Outcrop evaluation was made of 

.::1 ncl vertical. variations of l.ithul.oqv, b t~ cl cl i n SJ , 

sedimentarv structures. nature of contact 1,.1.1ith both 

huri~7ont.::1llv <:ind vE>rtic ;:1Ll.v ad1-::ic.ent units. P a L E· ci c: u 1 .. r· e n + 

d irt:~ c:1. 1ons .. v..1 E-' a t h t> r· i n q P a t t E-~ i-- n s . structural feature s. -:incl 

tac ies geometries. Cl u t c 1- op d E· s c 1.. i p t i o n s o f t h t"'!• l..J i n d s o r a r· r..~ 

~ {.~ 
I '-



inclucJ;::.-.cl in Appendix J. 

In addition to outcrop data. a core. Pr ov i dE·d by th1:.~ 

Petroleum Corporation of Jamaica. was described and sampled 

(t1PPEncii)< 11). 

clr·iI.L site (Fici. 

The core was recovered from a preliminary 

:.3 ) p r· i o r t o t h E· F P b r· u -:1 r· y 1 9 8 :? s p u cl cl i n ci o f 

Sampl es from the core ext ended th e analysis 

into the subsurfa ce. 

Selected representative e lastic rocks were slab bed , 

t h i n s .;:~ c t i o nt> cl . d f.·:· s· c r· i b f.~ cl . .::i 1-: cl p o i n t ·-· c: o l1 n t .;:~ cl 

sec tion s for a minimum of 10 0 Points (over 90% were c~unted 

to de t er mine quantitative mineralogical 

P E·:· r c t=.· n t .:·1 q E· s a n cl t 1:::· x t u ·r i:i l c: h .::1 1 ... :1 c t t::· ·i" i s t i c s ( f'.'1 P p £:: n d i ;< I I I ) ., A 

Point count f or· 100 points has 4% to 9% error and 150 points 

has -:in F·rr·or ranq i nq f , .. o ri'1 3 ;·;'. t o 7 ;:. ( Va n cl E· r F' L ;:;1 E a n d To b i . 

f or th e compositional r er·cen t acies in th e \.iJinclsor 

The carbonate rocks from the Winci5or were named 

L1sinCJ both Folk Cl.9'.59) a n d D u n h <:l r11 ( I. 9 t.. 2 ) c: I. ass if i c.:?i t 1 ons. 

1,1,1 h i L E· t h E· c l .::i s t i c s wen:'.· c L a 5.:: i f i e d a c c: Ci r cl l n q to the Folk 

Usinci th e mineralociical percentaCJes fr·om the 

c I ,~· s t 1 c: l" C'! c k s . a varie1Y af co mpositional 

C 0 n E t 1" UC t E• cl t () defin e and characterize th e l'cil'ICI€·: O i 

i i 



cofl'1Pos it ions , 

F· F! I a t i \! i::·:• r o u n d n r~ s s o f q r a i n s w a s rn e a s u r· F· d b Y v i ~ u ;;1 I. 

es t i fi"1-::1 t E· us i n q F' ow E~ r· ' :;· Grain sizes were 

size Me a surements (phi 50) ff: i n E~ r· a I. i n thE• thin 

section were made. T h f.~ cl E· q 1- E· e o f s o ·i- t i n q ( eyl ) ~'' .:1 s E" s t i 1Y1 d t e cl 

usino Fol.k's method 

a n cl c: Ci fi"1 P u t i n 9 : 

Phi i6 -·phi C4 

f o u n cl t h e t:·:· r· r· c:i r· i n E· ::.;· t i fi"1 ,:i t i n CJ CJ r· a i n s i z t-.' s 1 s 

i n r o u n d n es s es t i ri"1 a t i on i s 0 ·' 3 ~> . 

e r ·r or- i n E's t i r1l a t i n ci so r t i n .::i t o b e t;) • 0 3 ,_ These values are 

noted from ind i vidual gr·ain measures. Thin se c i ions may not 

"y j t.:• I. d total.lv accur·ate nor precise sortinq and rounc!ne::.-;s 

ff: t-! .::1 s ll r es , b u t ri"1-::i y b t::· u s r:::· d a s a n .::i P p )- o :< i il'I .:1 t i Cl n ,_ 

Ih~rma l AnaLY5i s 

An anal.vsis of the heat flow of 

u s 1 r 1 q t h E• r ri": .:i I. cl a t -':1 P r· o \/ i d e d b y F' E· ·t r o ._J a ff1 .:1 i c: c1 f r c rn t h .-::.· lJ i n d s o r 

,., 
~ -: b o ttoii': h o Le f o r d o tJJ n ·- h o I. e 

c 1 ·,- c: ll L <:1 i i Ci n t i fl'1 £:' s . a r id a p r e s <?.· n t -·· d c1 y r 1 E~ a t f I. ci 1,1) .._., .::i I. u c,::. ~<J c· r F! 

i .2 



T h i s h £~ a t f I. o l.IJ v .::1 I. u e ~<J a s t h e n c o rn P a r· e d w 1 t h 

other Caribbean heat f L ow r1i ea s lff es A AL so inc l ucl eel in the 

s i u d v <:i 1 .. e v i ·l r· i n i 'I' >:.:· ·,·· r::.• f I. e c t a n c: f! v a I. u E:' s ( F~ o d r· i q u E· s . 

fr·ori': the shales of the Windsor Formation which 

prov ide important constraints uron the thermal. hi stor·y of 

the basin,. 

~ -· 
I .;,) 



lECTONJC SEl' TIN~. A REVIFW OF THE PREVIOUS llTER ATURE 

INIRDDUCIIQN: SEDIMENT COMPOSITION BS A IECIONIC REC08D 

An interpretation of th e Cretaceous tectonics of 

..Jarnaic:a rnust include,·~ clisc:ussion c•f Pla t e tecton i cs. Th f.> 

Ca r· i b b E· C"t n r· e q i on i c· :: ' r ;:,:• s i::·:· n t I. ':/ 111 .::1 cl t:· u p o f .::i s E· I" i €'! s o f P i. .::1 t t-.· s 

<:in cl r1i i c r· o 1: · l <:: t es : the No r th Americ<:in plate. 

(11 ,., t=· r i c: .::1 n P I .::1 t ;;.• , a n d t h e C a ·,- i b b t-:«:1 n ill i c r o p I. a t e ( F i q • i). ThE:· 

Caribbean qeoloqy of today, as in the P"ist, i s I. ,:i 1 .. ci e L v 

q CJ\.'('.•.,.. n e cl b y t h E· i1 '; (j "J r::: ii'I f~ n i: 5 0 f t h FC! 5 E• p i. i'I ·!. [• 5 • In t h t.:· fD I. l.o~<J i nq 

sPc:tion. the va r ious theories P 1 .. op o s· .:• cl fa r C .::i l" i b b t::· 21 n 

t Pc: t on i c s ci u 1- i n q t h c· C 1- r:.:.· t .::: c Po tis ~IJ i I. I. b E· ·: .. e v i E-:· w E· cl • 

tt.-:·c i:c1n i c:s· C)f J~1ff1.::iic:a .:lurinci the 

Cri::~t aceo us .:1rt.~ of i rn P Ci 1- "t .::1 n c e i n d <::.• c: i p h F· r i n q t h E· :::; E> t t 1 n q o f 

the Win dsor Form<:ition sediments. lhe re tr·oLoqv of th ese 

rocks s h ou l.d provide insiqht 

dt:"PDsitecl i n the:·;~:. 1~nn'E b :J·:>:r: <'Ind .::1.:ldition.::ill.v c:eins-tr·ai·r, 

ti·,;:.:,. ·i·F.·c·tonic sett 1no:i . i .':::. PDl. '°1r i t v of s11bdu.c:i ion .. 

i if 



r(rvnine (i94t~) the cone t.'·P t of 

sandstone composition and its r·el.ationship to te c ton ics. He 

P 1"" Ci P C! S E.~ cl t h .:,i t tectonic ac tivitv was u.l.tirn .:::::tel.v ·responsibl.·~:· 

f o 1.. e x p o s i n q rocks at the surface. Krv nine postulated a 

rr::! l.at ionsh ip betwE.~E":!n intensit v of tectonic act iv i tv .::incl 

o 1" i CJ i n a I. cl e P t h of the rocks exposed at the surface: the 

thE· tP c:ton ic: activitv, the qreate r the oriqinal. 

depth of the exposed rock. He postulated that under qu i et 

t e c ·t o n i c: c: -:i n d i t i o n s . sedimentarv rocks woul.d Provide thE• 

debris for sandstones resulting in the sedimentation of 

Comnressional. tectonics 

5UCh .:.15 fol.clin.:,i and t h , .. u s· t i n c1 w o u. L c! c r· t-.·a t t:.· L c:i t.1..t ·-· q r 21 d t.~ 

rnetarnorphic rocks suc:h as slates and phvl.l.ites. [l"DSiDn of 

these r·ocks would resul.t in rocks rich i n 111 i:~ t .J 11: D r· p h i c r- Cl c k 

f ·i" ::1 q ri": .-:.:· n t s ( c: ,-,, I. I. r:.~ d P h .. / i. I. .::1 r en i t (·~· s t Cid <:: ..,, ) • Vertical. tectonics 

P i'"O\/ i c!t.?d and cint.; i ss as ~-.:ou·rc:t:.·s 

t1 I. t h 0 ll q h t h i 5 th C~Ci\"' Y I
. , .. 

.:;. h i q h I. y s i ii) p I. i f i f.·:· cl ' it i11<:1r ks 

f i l" st si cinific:ant .::ittempt a 1: ·r el.atinci tectonics to 

sc:·c! i fl':~:.·n tat ion·' 

V2 r· i DUS author·s have sinci:> not t:~d sandstone 

cornPositions rnav be diaqno s tic of i:t:•ctonic sE•ttinCJsA 

Di ckinson and Suzeck (i979) stud i f.~d provi:>nance tvPe s of 

s.::rnclstont.~5. div idin.:,i them into three qen era l. CJroups: i: hf: 

cont i nent,:i l. bloc k. th e r11 a ci r,\ a i: 1 c and the recvcled 

U~inCJ da1a frorn other authors , in add iti on to their 

C.i VJ ':'i I thev wer·e ahle to suciqest provenance t v P P ·~· d 1 c i a t E:; cl 

i z::: _, 



S:'.nds t one cornpos1tion. Dickinson ('J9 E:2) 

sand~ ton e compositions o f fore-ar c sediments i n i. h e c i i- c u. ri"1 .... 

F·' a c i f i c :?! r· t> .:3 • He c: l. .:?Jss if i e el tht.? sandstonP'O.; on th>? ba s i ~; of 

C: Oi1H .. , 05 i t i CilV:i I. tre-:·nds ·' Usinq rn i n1:.-=:r.::1 l.oq i c.::1 I. 

C: 0 f1l P 0 5 i t i D n J I. ti .. end s he was ab!.e to c: i t E~ p a 1 .. t i c u L a l .. 

c o rn P o ::.:: i t i D n s a ::.; indic .::itive of sed i i11r.-:•n i: .=:it ion. 

Ga I Lowav . (19 74) v.1or· k i no;1 with i""C)C:KS th e F'.:::cific 

Nor th~vr::.•st, noted mineraloqic:al. differences between fore -arc 

and bac k-arc basins (Fiq. 4 ) . lnqer~-;oLL ('1977) .s-tu.clied the 

variation in mineral.oqical. compositions of the Great Val.Le v 

in C.:.11.ifornia,. Hi s studv of the difference in 

sediment comrositions al.so ut l.ized comrositional. di aqra ms. 

found p 1 .. o v f.:' n ii n c: E~ ch,:1nqE·s incl U.C: Pd 5,:1 nd s· t ont:· 

c o ri"1 P o s i t i c:i n c h a n q E· :::: i n t h r.:1 C ·r r:::· .;., t V .::1 I. I. .;: .. y S F.· ·:1 u. t:< n c: r:_: • . ·. 

and Dick in son 

s "I: u cl 1 1z.:1 s ~11 h i c: h a 1 .. c· s i q n i f i c <:1 n t t o t h i s ::.:. t t1 cl ..,_, i n t h E· i r 

appro-:1ch a ncl r11P th ocl of dat .::i ani1l.vsis. T h E~ S E·~ a U t h o l .. S 

u t i I. i ZE·CI d i .::: q ·r a ii"1 s in ordE< r- t Ci 

ci r .::i p h i c: a I. I. '/ i I. I. us t r· a i: e Ii": i n t-~ i .. --~ I. o CJ i c: a L v d i- i d t i on s 

by differ en t tec:1onic settinqs, 

a cl "' p t E~ cl h e i- e • 

i 6 

a tool. of da ta presentation 



Fiqure 4. Trianq~Lar diaqraM i Llustratinq the Mineraloqical. 
differences betwe9n fore-arc and back-arc basins in the 
F' a c i f i c ND r· t h t1,1 t:· s t ( f 1- o il'1 Ga I. I. o 1,1,1 a y . i ·;" 7 .<1 ) • 

i 7 
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F' J .;, .t ;;: ti o t i i:;. n ,;,: 

Wor·k by LePichon and Fox (1971). modeling the open1nq 

of the North Atlantic. 

forwation of the Caribbean. 

included a discussion of the 

They postula Ted the Caribbean 

and Gulf of Mexico were formed by the qene rat1on of oceanic 

c: r· us t a s Nor t h .::i n ci So u t h r~ i111:> r i c a i1: o v t:! cl ,.;i 1.,1 a y f 1 .. o ff1 ea c h o t h t.~ r • 

Thr.·v suqqr;::stt:·d this oc:i:'::·.'~nic: crust h.:::d br.·t-:·n cornP!.E·tel.v 

between North and South America affected onl.v the rnarqins of 

the Cari bbt.·:·an,. 

Th i:"j L.. e F' 1 c: h on .:1 n cl F o ;{ i;·1 o cl ,,~. I. incorpor aied pl.ate 

i11 o \t E, ii"1 en t s f ·:"" o iii o n L '/ t h f:.' No r t h a n d So u t h {~ i11E·1.. i c: a n P I. .::· t ;:..: .:~· i n 

t h e i r· ii"1 o d r· I. '· 

~1 f.! o I. o ci v c .:3 n no t b e e x p L a i n t." d b v t h f:.' 5 i r;1 P I. e P L .::: t e ii": C• "/ e i1l t.:· n t s o f 

nnl.y North and SQuth America. He stressed the need for 

a c! cl i t i o n .::: I 1:-i I. .::: i t.> i rd t:! r a c: t i o n , 1~1 c: c: o 1 .. d i n ci to his rnoclel. 

d u. i .. i n ci t ! .. 1 E~ E· a r· I. v Cr E" t <:: r: ED t ~ s ( V .:; I a n q i n i n t o C ei n i .:1 c: , .:: :"1 ) , S Ci ll t h 

AMerica split aw3~ frorn Africa. produc1nq a left-la t eral 

c:: t l .. i k E·! -·· <~ I i P c o 111 r· ci n c~ n I· Ci i rn o \' e r11 G n t i n t I 1 t::· C <:1 f " 1 ti b t-· Et n , ThP 



Gr eate r An i i Iles experienc ed pre-APtian andesite volcani~M 

V.! h i c h L.. a cl d .3 t t r· i b u t i:::~ d t o .::.~ p o s s i l~1 i. e s u b d u c: t i o n i: o n €' '· H e 

exp l a i n ,:-1 cl p u r· e l ,,- ti v s i rn p le s· tr i k f.~ ·-· :::- I. i 1:· rn o .._,, t-! f;) en t b t.~ t 1;.1 t:' en t w D 

ol.ates. I nstead. Ladd interpreted his pl.ate motion data to 

i n d i c a t e s u b c:! u c t i ei n o f t h f.' n o r· t h f.~ r n 11"1 .::i r· q i n o f t h e C -::i ·f" i b b t:.' a n 

P I. a t ('!.· b E· n r::.· a t h t h "-" G r· e a t e ·r P1 n t i L I. c· s f i .. c; ii"1 t h e C o n i .::i c: i .::.:i n 1.1 n t i I. 

the end of the Eocene CFiq . 5) . 

MacDon.::il.d and 0Pdvke (1972) a t t E• Ii": P t E• d t o i n i.· ,-::_. ·r P r· i::: t 

t h e P I. .:1 t t:· rn o v '"'-' 1"i": f.:' n t s <3 b o u t J -:'i ff1 .::1 i c a fr· o 1Y: p .::: I. Po !i"1 a q n E·~ t i c s i t f:.• s 

i n i'J or t h <i n cl So u. t h :'.~ fi": ;::· r i c: .:-i ,_ Fr o !;"; t h i s inforff1.::it ion, they 

sugqested Jarnaica's Cretaceous raleol.atitude was Less than 

and t h a t s i n c t.~ t h E· Cr· e t <:1 c e o u s J .:::i fi"1 .3 i c a h <:: s rt"1 o v E:· d 

northti..1-::r-i:! to J L.::itituclt:~ of itJ
0

N. 

studied the:~ unusu. .::i 1. 1. y "buoyant" 
...___ --

n3 t ur·e of the Caribbean crust. Th e v P i- o P o s e cl t h "' t i f So u t h 

Ame r ica was attached to Af r ica durinq the oPeninq of the 

Le ntraL Atlantic :n the Jura£sic. th·:-;· Ci:lr· i bbE· .::i n DCP<:1 n i c 

c r· us t r11 us t h d v e b e en r .,.. o cl Lt c: t~ d b e t liJ t::· t:·: n ND r· t h A :-11 er· i c: a a n cl 

SD u t h i'-'1ri"1c-1.. i c. a ·' Burk i:::, .-:: .. t ci l.. 

f I. o D \.. i ::; p 1 .. es en t I v a ·t a cl E~ ;::- t h o f 



Fiqure 5. Ladd's reconstr uct i on (1976) of relative plate 
mot ion in the Car ibbean. "J" represents J aMa i ca. 
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th ermal coolinq consioerations. a basaltic Creiaceous se 2 

f I. o o r· s h o u I. cl h a v •"0 s u b .!:: i cl r:.:· cl t c; '.:5 o ·r 6 k rf1 (Sc. Late r Pl ::; I ., 

..; ,::_a--, I, ·, 
I ./ I I I 1o Tht-' v also notf.:'C! t h e t h i c: k t.~ 1-- than normal oceanic 

i'.i'.:5 to ~.'.O kff1) demonstrated by se 1sm1c refraction 

studi e s bv Edqar et al. ( i 9 7 i ) a n d 0 f f i c: e r· e t -:1 l • 

B u i .. I< e P t a I. • att·ribu.tEcl this unusual. thi c:k nt.-!ss and 

" a l .. t i f i c: i .:i I. " e L e v a t i on t o a b .:i s a l t i c: s i I. I. e v t:~ n t o c: c u rr i n q 

a b o tl t tl 0 r11 Y .::1 q o • 

The unu sual. LY buo vant nature of the r egion rel ati ve 

t o no ·1- ff: a I. o c: E· a n 1 c: c: r· us t w o tl I. r.I ma k e i i: d i f f i c: l1 I. t t o s u b cf u c: t , 

a n cl i t s a l"" r i v a l .::1 t a s u. b cl u c t i o n 2: o n t:: c: o u l cl h a \..- t:~ ·r t:" s u L t t~ d 1 n 

<:; c h a n q e o f s u b cl tl c: t i on p o I. a r· i t y ( D .-:.:· ~v (-::· v. 

cessa tion of subduction. I n d t:'e.:I . Bu ·rkt.·' t:~i: a I.. suqqes·ted 

the arriva l. of this altered crus t at the tr ench terminated 

t h :: .. ~ c: o n \-' e i .. q t.:· n c: e i n t h t" [ CJ c E~ n t:· ( F~ ici. This su.bc!uc:tion. 

they Po s tul.aie, in vo lved norma l. ocean floor. Burke· E·t <:ll., ' s 

t h t:" or y ( F i q • 7 ;. p l .. o P D s es t h E~ p r e ·-· E o c t'., n e -~-.; u b d u c t i on o 1' n Cl i .. iii -::: L 

C.::ir· i bbt.'.•.::i n oce<:in f l. oor br:.:·neat h J ;,1 ii"1 a i c: a a n d SOLlthr:::·rn 

H isP-::1nol-::1. From a review of Petrol.oq i c: data f rom Hisranola 

b y ~J a s ::;: El I ( i 9 ::; 7 ) . 0 p h i Ci L i t f::' a q E· s ' a nde:::: itic vo lcani c unit s, 

and qranodiori t es. Grippi and Burke Ci9 78) pr-opo sec! .:inc:i tht.~-i"" 

sub d u c: t i ei n z on 0! , d i P ~ .. i n_q to th E· south d n d con.::- u ii"1 i n q f'.'1 t I. ant i c 

o c: E'· -::1 n c r· us t t' E? n ca t :·-, no i-- th Pr n H i span o I. ;,1 ;;1 n :I Cub "1 • Bur kt:? t:' t 

i:i L , p o s t u I .::i t r· cl t h a t t h i s s u b d u c t i D n o c c u 1- 1-- e d a t a t l- e n c: h --
'-

t r t:? n c h ·-· t l .. t? n c !·1 tr 1 p I e 1 u n c: t 1 on or· s· o fll P r11 o r· e c: o fll P I i c: a t P cl 

~JI t n thE· ar·r· iv ei l of thc:o th1ck•:'!necl 

... ) ..... 
A.. _) 



Ci"!'" thF< 
u n l t s u -::i l. L v b ll o v -::1 n t n .0 t u i- f~ c:i f C a 1- i b b E~ a n c:i c P a n i c c r u s: t , 



th ickened crul't 
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F i q tl 1- E'.· 7 • 
C r· e 1: a c e o u. :s 
subclu.ct ion 

Modi::.· I. pr·cposE·d by Bur l<f! 

subduction.. Notto: 
zone beneath JaMaica. 
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L '~ i.. 1 b b t:·' :: n c i .. u s l . "1 c h .,;i r·· (: f.' i r1 r11 o t i c· n f r· o :11 P u i .. e c on v e r c: P n c e t c.• 

L ~:~ ·1 · i" -- I a t t:· ·r a I. t r· a r s f c; ·r ri"1 rn o + i o n o c c: u r r· E·:· cl • 

Theorles for Subducti.on Polarity 

Although most workers aqree that subduction occurred 

i n t h r:.·:' C .;;, i"" i b b e .;;, n ·!"" F! q i D n d u. r i n o::i t h e C 1 .. e t a c: .-::.· o u s , i"hE· PD l.ar i i.Y 

a nd stvle of this subduction is a debated topic. In the 

fol.l.owinq section the various theories Proposed by different 

-'i u t h o 1 .. s f Dr ,J -:1 f;l a i c: .::i ' s· Cr· t:~ t a c: t:~ o u. s h i s· t or y 1,1.1 i l I. b e r· E· v i el"' E:' d • 

From a study of the Hanover lnl.ier, an outc:ropp i nq 

Gr· i p p i ,;, n d I-: u. r k E~ 

(i97~)) ri": o cl c:· I. E· d + h c-:-:• s u. b d 1.1 c: t i on Ci f t h E· Ca r· i t:· b E• a n ·r E· q i on .;:, ~:: a 

either southward-·diprin~ or a northward-diPPinq subduction 

zone durinci ThE·V i nte·rPr•?tF!d the 

depositional svstems of the inlier as a submarine fan 

cornpl.ex in an upper· sl.opc=.· basin sPttinq ~·Jith an inferred 

dorninant pa l eocurrent direction to the North~es t . In 

contrast t o findincis frorn the St . Ann ' s s t u cl Y • nt::· i thr::.•1 .. 

cl e t r· i t a L ·1 u a r· t 2 n o :-· in s itu volcanic rocks wt:~r e 

r· r_~ p Di- t t.71 cl i n t h E'! i -,- a n a I. '>' s i s ., 

M a I f ,1 i ;- .::i n cl D i n k l t:· rn J n ( i CJ 7 2 ) advo c ated a northward 

d 1 p 1:·· i n q s u b d u c -t i D n :. on 1::: " ' s t h t:· i i": t:· c h a n 1 s rn f o r t h P C r t:• t a c C-'! Ci us 

f o ·r r1 1 :3 1· 1 on o f Ja111a i ca. Th f:.' s e a u i h or· s f:.'nv 1 s 1 onec! 



C c1 ·· i b b t-' a n p L a t E~ a s p <'l 1- t o f t h t:' [a s t F' a .:· i i" 1 c P l a t P i h .:i 1 b r· o k e 

off f r om the main Pacific rl.aie. The <:1u.thor.;: p o:.: 'lul.ai. 0.· 

J a r1·1 a 1 c a a s h a v i n q or i q i n a t ;:~ d 1 n so u t h >.:::· i" n l·i e x i c c ,"i n cl Li.1 .::i .. -,· 

l .::: ·t E· r r· .::1 f t E· cl i n t o its p·i- .-:.-:·~ : ·;;_~nt posit ion bv tr·Einsfe; r r11 rnot ion 

b t:' q i n n i n CJ 1 n 1. h e F' <:: i. t::' o c: e n e ( F. i c1 • B ) .. 

( i'?74) Mal.fait and 

!) i n k L r::.· rn a n ' s t h e o )- y 1 n t h a t t h e v t o o p r D p o :::.-· t:~ cl ,:: no i .. t h ti.1 c: r· cl ·-

diPPinq subd uc:t 1on zone~ (F ici., 9} .·. 

t h t-~ f'~ o i" t h 1-::i ff: •? 1.. i c: a r1 P I. ,;1 t c· ·r o t a t e cl c I. D c: I< !;..! , s f.l .::i n c! s e p a r· .::i t .-:.~ cl 

fr Cl rn t h P So u t h ( , ii':>:.'.· l.. i c a n p I. .::1 t t-:· , part of the East Pacific 

plate was s~ueezecl between the two pl.ates and into the 

present Car ibbe an area. As the Eas t Pa ci fic Pl. ate rnoved 

i nto the Car ibb e3n req1on. Pressure from thi s movement 

rrcsen+ arc: c:onfiq ur at1c:in. 

Sy k E•S E-~ t .:1 I. ... C: D n C: i. l1 d i'-:• d th at s ubdu.ctior• 

o c: c: u r· r t:~ cl i n t h E~ C "'' r· i b b c:- <:i n cl u r· i n q i: h t.1 C 1 .. e t a c: e o u. s .::i s t h ·~~ No r t h 

t1 fi': i:.:· ·:.. 1 c: a n p I. .::i t r.• ~I.! a .::- s u. b d u. c t e cl 1.1 n t i I. l. <:1te Focr:.:•ni~~ whr.:·n bu.oy-:int 

Dcean ic crust halted th e subduction. lheY al.so prorosed i:he 

to have oriqi natec! as part of the 

Pa cif ic pl.ate and not from th e tit Lan t i c o·r th e Gulf Df 

This is infe r red froM the Pasterl.v movemeni of the 

C a r· i b b t:: .. :':1 n .:~ t a ii: o d t::· r· a t e I '/ h i ci h v e L c:i c. i t Y 1- \'.; I. i:1 t 1 v e i· o t h e 

t1ff1E'i" icas . 

Pe r fit an d Heezen D r DP CJ sf.·~ cl a n a I t e r· n a t f' 

direct i on o f s ubduction 1" r o ff1 k 1 n E· ft': <:1 ·t 1 c: c ·~· 1"1 c.. i cl F> r a t i c• n c:· • 



Fiqure 8. Malfait and Dinkelman's model (i974) of Car ibbe an 
p I. .,;, t e rn D ··./ t:· iii e n t s i n t h t::· C ·"' >::~ t a c: .;:> o us· • 



S} , ,,,_p'""" Uc~r 1bbean- pl ate 
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F i a u. r· r:: 9 , lJ .:;, I. P e r· a n d F: o ~v •? t t ' s r· •:.:· c o n c:. "I: r u c t i o n ( i 9 7 ~~) of 
Cretaceous plate moveMents in the Cari bbean. 



~ Arc - Trench syslem 

~ Plale movement 

A Volcanoes 4 Land area 

·. 



r h p i ·r t ,., E' CJ,- r:~ t i c. ::! I. rn 0 d 1-;;: I. b E· q i n s ~\) i t h t h E• c: I. c, c I< w I s E:' I 0 I .::: t I Ci n 

of South America with respect to North America. T 1-, i ::.-; 

movement resul.ted i n c o i1) P r E- s s i on a t ihe north Prn plate 

b D u n cl <:1 i.. i e s a n cl s u b d u c t 1 o n a t t h e s o u t h E· r· n b o u n cl a l.. 1 E· s ( F i q • 

It is this subduction to tht:~ South. thev bF·l.iE:\!E•, th<:1t 

formed the island of Jamaica. 

Horsf iel.d and Roobol. (1974) suo::qestr:::d a subc!uc:t ion 

direction to the West or the Southwest. 

existence of a Possible pa ire d subduction zone from two 

contra sti nq belts of metamorPhic rocks <Draper et al, 

and the restriction of u Ltramafic rocks to eastern Jamaica. 

In ff1o·rE· dt.:·ta i l , ( i 97 h) E~ x .::i i1·1 i nee! 

metamorPhic facies of Jamaica 1n an attempt to assess thei r 

lh2 authors sturlied th\? hount 

t ~,.1 o s p .::: i.· i a I. I. y 

d i f f er· en t b u t q t:~ n .:::- t i c a L I. v i n t t:·~ 1" ·-· r· E~ I. a t t:~ cl iii E~ t "' ff1 o , .. P h i c r o c k 

un i ts. 

( F. i ct •. 1 1 ) • Th E~ 

eastern Mount Hibernia Schist contains alkali c) fi'1 P h i b D I. E• S , 

s· t i I. p h n o 1Y1 c:. . c r· o s· s i t E:· , "'' n d r· i t:' b t:~ c k i t f:~ •. Conspicuo usL\· absent 

this 

mineraloqv as characteristic or a I. o l~' t e rn p -::-:- l .. a t u ) .. E~ , hiqh 

f.ac:iE:•S. T Ci t !·1 E• l~ E• st , l<Jr..:·s tphal i <'I 

Schist, on thF·' other· hand, c on t a i n _, ·:1 u a r· i. z c ·-· ft~ I d s· P <-1 t h i c a n d 

r c:i c ks ·r E~ pr· ra s 1?. n i: a ·t i \! E· of a h 1 q h ~ ·,- qr .a cl P e P 1 clot p-- <:: h1 Ph i t• o I i i t:· 

1· ;,) ·- 1 es '°"' n cl a f1 i p I i 1 b o I. i "l E· ~ .. a c: i c s 1n i n t:·:· .,. .. ,:i I. o ct v ( !\ E" "' p . ~ 9 7 1 ) .. Th es e 



Fiqure iO A Pe rf it and He ezen's Model (1978) of La te 
Cr .-:.~ t ,:,; c: e o us Ca r i b b F.".::: n s u b d u c t i on , 11 J 11 

i- e p r E> s E· n i: :::: J <:i ii'1 d i c: a ' s 
l.oc:a t 1on . 
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F i q u. r •7'' i i ... L o c ::: t i D n 111.:,1 p i I I. u. s -t r .::1 t i n q -t h t:· t L1J D c: on s t r .::1 s '!: i n q 
h i q h ·-· t e 'i': P e 1 .. .::1 t l.l r· i::.· .,:1 n d I. o t,,. ·-· t e ffl P e r· ,,, t u 1 .. i.::· rn e t a 11'1 or p h i c: b <.:" I 1: s i n 
,;; Ci 1,,1, t h ~1J F:: s t t:· r n .. .J .:i rn d i c .::i ( f ·i- n ii': D 'I" "' p c:-:• 'i" e t d I. ... , i 'i 7 6 ) ,. 
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hii:th h j qh 

i n f o r· rn .:J t 1 o n . Dr a p e r· e t a L. i n f e r· r e d t h f:.' Mo u n t H i b E~ r· n i a Sc: h i s t 

and the Westrhalia Sct1ist to represent a Paired MetamorPhic 

belt in Jamaica durinCJ the Cretaceous. Mvashiro (1973) has 

no t Pd i n C i ·r c u fl'r -- F' .::1 c: i f i c :- t.~ n i on s that the hiqh-pressure belt 

i s u s u .:i L L '/ o n t h c o .:: t.·:· <:1 n \i.J a r· d s i cl e o f s u b cl u c t i D n ti.1 i t h t h e I. o l>-' 

pr.-~ssu·rc· Pai tE·cl bel.t to represent volcanic activitv in .:::in 

i s I. a n cl a 1·· c o r· a c: o n t i n ·~-~ n t .:i L fi"1 _,1 r· q i n • L o n s t:~ ·~ u. f." n t l v , D r· .::i p t" :-- e t 

<:l I. • ' s ob s E~· r· \.< F:~ d a s s o c i <:1 t i Ci n i n J .:1 111 .::1 i c .::1 q (''' o fl'! c-:· t r· i c .:::i I. I. v s u. q q €'! s t s 

a south v..1ps i v,1.::1 r· c! d i p p i n q s· u b c! u c: t i Cl n z on t:.· i n E· a s t E'' ·r n J <:1 ii"1 . ..-=1 i c: a 

As is Pvident fr·om the Prf."ceding c!i sc:ussion, '31 I. (!)OS t 

ev0rv µossibi~ direction of subduction has been ~r-oposed for· 

Th is s:tuclv vJ! l l t:•xaff1ine the sediments of 

l.t! i n d so r F~ or· 111 .::i ·l i o n , p E· r h .::: !) s t h e k E• v t o so !. ..._., i n q t h c• P r· ob I. (·:• ri"1 .:::i t 

I. t:· ,:i s t for N c:i r· t h ,.,,:, ·r n J ;.i ma i c: <:: '· 



I. i'.~ I F: c1 X21..J C I I 0 N : GENERAL SIRAIIGRAPHY 

The Windsor Formation consists of a series or 

alternatinq conql.ome rates. sandstones . s1 i.ts t onr:.~s . sh .. ::i l.t~s, 

. :::nd (( I j Cl .. j t j C I. i rnt:~stones ... 

in tD thE· St ... 

CrE~t.;1c:r;.;ou.s. F' 1 .. t:· v i ei u. s s t u cl i e 5 ( Ch u b b , C::o!A1 .::1 n . 'I ·:;1 tl (-) : 

M e v E· r h o f f .::1 n d I< i.. i e q , 1 '? 7 7 ) h <~ v e q e n e r <'1 I. i z E· cl t h F: cl t:.> P Ci s i t i Ci n a I. 

s vs t E~ 111 s J n cl c: on s t 1 .. u c: t c~ d a s c: h E:· 111 ,'1 t i c s t ·r a 1: i s1 1 .. a p h 1 c c: o I. u ii'1 n 

i :.~ ) ,. Cl n e 111 a i or P u. ·r P o s i:~ o f t l .. 1 i s s t ll cl 'f i s t o d 0: f i ··i r:.~ i n 

the dePcsitional svstems of the Windsor 

f .. orri': at i or1 b.:1sE·d on <:i n intensive fiel.d studv. T h E· f i ;;_~ I. cl 

o liser-v<.~ ti ons arE· In thf.~ f 0 I. l.O\.i.I i nq 

i::"e•t1 .. o l.0·~1 i c. cleita w i LI. b·::·.' inc l.uclt::•d in tht::· desc:r i pt i Dn of th r:.· 

.:.: t 1 .. a t i q ·!"a p h i c: co l u 11·1 n . 

40 



F i ci u r· t~ 1 ::.:: • G t:~ n >:.·:· r· a i. i z E:! cl s: t r· <-"'l t i ci r .J p h i c: section lrr·om Chu bb . 
1959) of the St. Ann's Sequence. r h E· l•J i r1 d so r F. or· rn <:1 t i on 
f o 1 .. Ill s t h t::: i. o \.I.I E·~ r p o r t i o n o f t h t:· s t.·1 c: i: i o n . 

fl, 1 
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ThE S.'t, Ann ' s P <:1 s i n h .::·: s u n d E· r CJ on c· p o s t ... C 1 .. E! ·l .::1 c: E· Ci u s 

foi.clinq into an anticline (Fi.:i,. 

and stvle to the Hanover Inlier on the northwest co2st of 

J .::i :'i': a i c: .:: ( G l" i p P i .::l n d r: u r· k e , 1'7'7t:) • Both of these east-west 

. :J I. Ci n q I;.) i t h 5 I fr'I I I. -3 1" fol.ds al.onq 

nor t 11 t:· 1 .. n c: o --1 s· t , l" e P r t.~ sen t P o s t .... Ci" ;:_; t a c: e c:i us cl 12~ f o r :'i'1 ,;i t i on v,1 i t h -01 

general. north-south reqional ma ximum stress direction. 

Th E~ s e a n t i c L i n e ::; i11.::: '/ h ""' v e f o i" fl'1 e cl s t E:' i1i ii': i n ci f ·:" o ii'1 d i f f i c u l t v i n 

subd uc ti n.::i the buo van t ocean crust. These f inc! i nqs .:,irt.c· 

c on s i s t e n t ~·,, i t h t h e B u r· k E~ e t a I. ,_ ( 'I 9 7 :::: ) h v p o t h E~ s i s :11 en t i o n t:~ d 

Pr•-:.:•v i ou. s Iv. 

"fhe ti.!indsor c·rop s· out on both l.iil':bs of th>::" .:1ntic:lint::·. 

Sever.:,il. smal.1.-scaLe reverse faul.ts in 

o u tc i" op. I n t e i" e _-:_; t i n q I. v , one ma ior reverse fault seen 1n 

ciu tc:rop (F i q. but heretofore never mapped was conf irwe d 

on seimi c data provided bv PetroJamaica CFig. 13). 
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Dvtc:ror Ll!bology 

The predoroinant depositional. feat ures observed :n the 

field are several Ma ior units 2ach consist1nq of a basal 

foll.owed bv sandstones. s i I. tstont.~s, and 

The stratigraphic column (Appendix l) clt~ta i l. s the 

roc:k sequence descr i bed. The fol. l. ow i nci desc:r i Ption o f un i ts 

t~1 i I. I. I:· ·~ :· i11.:::1cle f1 .. or1·1 t h i s s t r a t i c1 r· a p h i c coluff1n,. The 

c:•:.·:·nt of 

constituent for the entire thin section. 

I. o we r c11 o s t p o ·r t i on o f t h E· ~J i n cl s or· ob s e:· r v e cl in 

0 U t C: l" OP IS ill e t ;;_; r· s e ·~ u t.:· n c: t.~ o f a I. t t-~ l" n -.1 t i n q 

sandstones and shal.es. These beds vary in thickness from 

0 . 5 5 :'t'i t 0 0 . 0 '.5 (I) • T h E.~ 5 a n cl s t on f.~ s ..:1 l" E· il'1 a s s· i v t.; a n cl e x I l i b 1 t it'! a n Y 

fr a c t u 1 .. 'c'' v t:.· i n s i n f i I. I. e d b Y c <'I I c i t e <:i n d a 1- e ~.., E· c-1 t h er e d q 1- <:1 Y '· 

lhe shales are ver v thinly beddecl Cabout i.Ornm). fissLe, and 

w E· a t h E• r t Ci Et b l ll E· i s h -· q 1- '~ y ·' Thr~ cont ..=:1c:i between th e two 

Litholociies is sharp with scour su r fac es at the base of the 

s ;,: n cl ' · t ti n E· s- .• S ·::· v ·~ r a I o f t h E· s a n cl D o cl i es cl i s p l a Y •) • 5r11 b v ·; . • .. '. ii'1 

ch .:inne I 1~· ·rof i Les 1~1 1 ti. l a 1e r al Pin c hou t on t h e it': a , .. ci i n s 

4 (; 



L a t c·' r· a L I. '.' cl i _; c c:in t i nu o •.i s. 

•·~· .,, t enc! i n q o n 1 • .._, .:,i b o u. t on E· ri": e t e ·i"" • .;:, P p E• a r wt:.· L I. D c; r i t:' d , 

111 -::1 ::-.: s i v e . 

S a ff1 P I. e !.i.J -- i :;; -- 1 .::i , a c oar· se s i I. t : 

volcanic arenite from one of the sand-sized beds . is 

predominately voi.(anic rock fraqments with mi nor quartz and 

f i::~ L cl s p a r· s • The feldsPar·s are gener·aLl.y too altered to 

determ i n9 specific varietv. Thi::· sa1i"iP I.€:· is we I. 1.-··.:::o:- tt:·c! 

=0.4) and fine-·qrained. Th e 1- o c: k i s c: t.:· ii.i E~ n t e d b y a ii'! i c: i- i t i c: 

c: .:i Lei tr.:· cernent ·' Cl t h E· r· s a n d s t o n e .::: i n t h i s s a ri": r::· s €·:· <1 1.i r:::· n c: E· ~; h o w 

ci ·i·· e :: t e i- a r11 o u n t ~; o f f e I. c! s P a i- ( kl ·-· 1 ? ·-· 2 c . f int::· sanclstonf~: 

i 1i"1 iY1 ,3 t u r €~ f e I. cl s P a 1- - · b t:.· a r· i n q I. i th i c .:::rt:.·n i te) ,, lhr:.~ sh.:::l.E:~s in 

t h f". s e q u P n c f:.' :: L s o c: o n t a i n v o L c a n i c r· o c: k fraciment and are 

P l.c1q i uc L.::is ·-::.· rich ~,1 i th .:i c: l..::iv fi'i .:i tr· i ;.; • T h r:.~ y h .::i v r::.· -:1 s 1 rn 1 I. ,~1 r 

mineraloqic: c:omrosition to th e· s.::1ndstont:'s· , the onl.v 

distinction be inq the fin er qrain size. 

s ,;:i n cl s t o n E~ s "1 i .. e c: a I. c i t e c: i:·:· rn e n t e d w 11 i I. E~ o t h e l .. s h a v .::· .::i c: I. a '/ 

Ii) '.:l 'I: r I ;\ .. 

.. f h i s· a l. t E~ 1 .. n a t i n ci s .:1 n d ,:;· t on t.:· ·-· ;::,· h a I. t.> ::.> t.' ·~ L'. enc: e 

by a 0.Bm carbonate. Th i s i- o c k i s .:1 ii': r:~ d i u fii c a L c: <:1 .i .. i:· n i t E: : 

fel.dspar-·vol.c:anic rock foram bioMicrite 

' ft~ I cl s p -i:'i 1- .... v f..: F" f () 5 s i I. i f E~ )" D u. ":· Iii u Cl E 't () n e ) ... Th E:'.· :- o c k c D n t ci i n s 7 i:'. 

foi .. ,1ri·iinifp1- al fo s·s· i l.s c-inc! r.1i no1- arnounts of vr.;: r s. but a l.a1-cif.:> 

dfl': C! Unt of fpi.ci SPi'!Y (~~i-.'%: ) , 

{) i· <:1 i .i.. I. v t h i c: k sh .::. L >:-' s e ·~ u E:~ n c: e o v t.~ 1.. i i e ,,. t h i s b E:' d • T 11 E· 

:::· h .::i I. C·) i i:: !::i I. u e -- q r a y , .. . . I l I!'. SI .e, th 1 n LY b e \1dt~· cl , an d h iqh l. -,, 



Fiqure 14 . Prounced channel qeome try in sands ton e beds 
C Localitv W-12). 
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CFiq, 

The uppermost po rtion of tne shale contains cobble-sized 

c L.::ists supportE·!cl by thf.'.' sh<:. I.e. The Pebbles are ciisorqanized 

with an open framework and no gradinq i n d i c: a t i n q t :1 t::· u P P i:::- ·r 

Part of the shale to be -::i 

Petrographical LY. the a fo r· e r11 i.:~ n t i on E~ cl unit i ;;· a fine 

s a n d ~;· t one : rn i c y· i t i c: fi1 a t u. )"' t-:· a r k c; s E·:· .:1 n d 1.s in thF· fin •Z'· si Lt 

T h ;:;.· i .. o c: k e x :3 rn 1 n e d . ( t....! ·- i 3 ·-· 1 cl ) . c o n t a i n .'; ""' b o u t ~) 2 ;;, 

The other percent aqe of the 

r· rJ c k i s a r11 i c ·r i t e c E::> 111 E:' n t . c: I. a Y. and vein calcite. 

fel.dsPars are ver y fine-qrained and often altered t Ci 

c.:::l.c1tt:·,. i S \iE~rY we LI. sor tE-~d ( d ·-- 0.2). 

S t r <:"1 t i q ·r a P h i c a I. I. v r:.:· -:1 u i v .::1 I. t:· n t to this Eh<:il.;::. i ·- a n a .r; h f I. o ~IJ 

that occurred 1n the norther·n Part of the ba si n. This ash 

flow is now comPLetel.v altered to cl.av. Volcanic bombs can 

b e s e ,:~ n i n o u t c: r· o P ( F i Ci • 1 7) • 

r, petroqr .':·:ph i c: cin .':1 I.vs is of thE! d(0br i 5 f Lo~\) c !.<:1s t~:· 

reveals theM to be vo lc anic rock traqments. Th e c: o i1l P o s i t i on 

of W-i3-ic2 is 30% unalter ed plaqioclase, i i i.'. i'"lF::F . 

cent opaques and 25% altered qroundm~ss. This 

P or P h '>' r· i + i c: i q n \0 o us ·i- ei c k ~IJ i t h p I. a q i o c I. a s .::-: a n cl rn a f i c: fl1 i n t:~ 'i"" .::1 I. 

phenocrvsts in a former l v volcanic ql ass qroundrnass that i~ 

no1,A.1 c: I.av·' l h E~ p I. <:1 q i or: I a s es h .;;i v c:-:· so r11 r::· .:i I t er .;:, ·1. i on t o c d I. c: i t e . 

n n cl rn ,;1 n v cl i s p L a >' p 1 .. o n o u n c: €~ d z o n d t i o n . 

arr:.~ not 

no 1~1 .:i I. t e r e cl t o b i o i i t e or· c ll L or· i t e . 

c: .1·; 
_/ .. :. 

The phenoc:rvsts which 



F.i CJu re 16, 
upppr pc;rtiDn 

F~ D U n cl E~ cl '/ 0 I. C .J n i C: 

of the shal.e unit 
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c: o t) Li I. i:::· ·-· s i z t:' cl c: I. .a s· t ~-.- i n the 
(l.c:ici:1l.itv lJ-·13) ... 





Fiqure 17. Ash flow with volcanic bombs now totall.v altered 
t c; c I. .:i \/ ( l o c: .::1 I. i t y l1J -- i (·) ) . 
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Overl v 1no the sha le i ~ th e fi rs 1 conolomera 1e unit. 

'i . 7 ~) 111 th i c k . T h E· i=·~~ bb Le E· f o und in this conqlomera i e a re 

s· i ul i I. a ·f" t o t h o sf., i n t h E:• u n d Eli.. l v i n q sh ,:; I. t:· • At 1 h E' I. C.1 Wt-' l .. 

cont ,::i c t, t he ~hal.e a ppear s t o have underqone s of t s e ci i me n i 

d e f o ·r i i"1 a t i o n ( F i CJ • 1 8 ) • The c o nCJl.omer at e consists of cobbles 

P ocir· I. v s o i .. t e el bu t f a i 1 .. l '/ we I. l r · o u n d e cl • 

l•J e "' t h e r i n q h a s r i::::· 1n o v e d fi"1 u c h o f t h E· c: I. a Y • I. r...~ <:1 v i n q thE: 

cn ncil. omerate verv Loosel. v cemen te d . 

The of O \!C'"( I. \/ i nq 

c: on q I. o 111 f:' ,.. a t t-: i s s i ff: i l "' 1.. t o t h f.~ c: I. a s t s in th e sha le, t h 2 

c: l a s t s b E· i n q c: o i i"1 ~·· o s E" cl E· n t i 1 .. 1~:· I. Y o f \.1 o I. c El n i c: 1- o c: k fr a q rn E· n t s . 

S a 111 p L e !~! ·-· 1 4 - 1 a 2 , a c: l as t .. has a b ou t 25% f eldspar· Pl us 21% 

al.t e rat i on of f e l ds pa r t o ba u ;< i te , bo i h c a lichite a nd 

CJ i h b S I t t::• .. ·y h t.~ 1 .. t.~ s t D f t h e r o c: k i ;.;· c: I. a v q r D u. n cl ff1 ;;1 s s q i v i n q i t 

a r..- or P h y 1.. i t i c t e x t u ·I°" e '· Th e baux i te a lt era ti on t a kef on t he 

s hare of the f e l. dsp~r q ra in. Sa i11 p l e l~! ·-· i ft ·-· 1 <:: 1 . t o o , c: on s i s t s 

rnain l. v of Pl.aq i oc l. ase rn i cr ol. i t es and a c l. av qroundmass. The 

ff1 i n o 1.. .:i i b b s· i t f : a l. t e ra t ion. F'.-:.:·1 .. i c: I. i ne 

t~·.J 1 n r1 i nq anq l.r.·s of f t:·.· l ds pa·r s i nd 1 c .:i i.· e c:o111r· o s it ions of An1 7 

a n cl A n i i C K t:~ rT . 1 972). 

I r.: .;;i l ·i E• y· ~.:• cl t o ca l. c:1t ;2 in t h i s thin sec t i on. 

Because of t he vari a ti on i n si ze of t n e c oarse clas t s , t he 

unit 1 ~ v e r v r..-oo r l. Y s o i" tecl. 

i ::.;- o \· c-~ 1.. I t: i r: b v ,:: 

·: 1) • 4 ,,1 ,i o ·1 s- .:1 n cl s t on .~ .. -- p i::. b b I e c n r, ·=· I o ri"1 1? ·r ,':I i ,::~ -- ::7 :: • ..-, d ::.;· i on E· • T • · r:::· 

5 ( 



F ir.iur·e 
cleP os ition of 

Soft 
th E~ 

( I. o c a I. i t v lJ -- i 3 ) .·. 

seciiMent deforroation of s h a I. e cl u l.. i no 
overlying cobble-sizecl c on q I. o ii": f.> .,.. a t e 

"C'> •• 1 .. _. 





L o t;.1 e r :n o :; i· s· a n cl s t o n t:· i 5 L a ii': 1 n a 1· e cl . 0 .·. i i1l th i c k ' a n c1 l~' e L I -· 

sc;r· t e.1 d ., A pebbly conql.oMerate follows th~t is about 0.2~ 

·th l ck' a n cl i ~; n o t i c a b L v 1" i n E:' 1.. t h -:i n t h F· c o a i- s t-:· c o n q L o ill e r· a t e • 

l1 p in sr:::·c:i:ion a (J ., 1 ii'1 nonl.aMinated sandstone 

i)1Jtc:r0Ps. 

depositional. unit i s anothE~r 

c: on q I. o fl'I f., 1 .. a t t:· b e cl 3 • 4 f1i i n t h i c k n CO! s s t~1 i t h c: h .::1 n n e L q t:' o 111 e t r· y a n cl 

a s c: c:i t.1. ) .. <·:~cl ~~ ll r f Er c: e .·. T h E~ c o n ci I. D ff: 1:..:· r .:;i t ;;.~ i s s i ri'1 i I. .::1 r i n I. i t h o I. Ci ci y 

and b c~cl cl i ns1 

I. i t h .::1 1- i:~· n i t i:.:· • 

characteristics to the 

~J-··i4--ic I
,.. 
..::· .:;i S cl ii'IP i.f." 

f i r .!d \fC) l.c: .Jn i C 

the· 5,::·"C:Ond 

conqlomerate bed. Alth ouqh not as coarse as the precedinq 

c Ci n q I. o ii'1 t:· r· "' ·l t.:• • i t s t i I. I. h a s a n a v r::.· -r a q e q , .. a i n s i z c· o f ~2 • 3 cl i11 r11 • 

Th>:::· clePos it is verv Poorl.v sor1ed with VRFs as the most 

c o ii': rn on I. .,, o c c u ·r ·!" 1 n q c: on s t i ·1 u f! n t s ( 7 0 :;·;: ) -7 ti/ .. ;., fi::.• l.dS-Pci'i" <:1nd 

Unt.-:· of the VF;:Fs 

has a qreat deal. of cal.ichite al.teration 

section). The ca l.ic:hite probabl.v r·epresents alteration of 

the fel.dsPa-rs PhenocrvstsA 

T h £~ up p P 1 .. i11 o s t c o n ci I. o r:1 e 1- a t e i s o v t:.' i.. I. a i n b v a s a n cl s· t o n t.~ 

bE•cl (0,3i1': thic:i<) whic:h exhibi t s ldMinatecl beddinq and soft 

sf.:' cl i 1'!'1 en t d e f o 1 .. rn a t i on ,. Tht.~ .':;andstone becl I 5 ci(o.'fO'i"i1'1E:'d 

p '! .. D b .:1 b I y f 1- Ci fl'I t h e p D s t - cl e p D s i t i Ci n a L \.<) E· i q h t Ci f t h E~ D \.' E~ r I. y i n q 

c onci !. oil':c·i .. -:it t.:· b t.~cl . t h e t h i r· d c o ,.;i 1 .. s e c o n q L o rn t:~ 1 .. a t e • A~· the 

b ,=: st:· o f t h 1 s o v E·: r I. Y i n q c on q I. o rn E~ '! .. a t i;j b f' cl <Lithareniti:::1) a TE~ 

i11 u. .:! c l a s t s ( F : q • 
~ (.\ '1 
I "l ,/ I perhaps rip-up cl.asts from some 

u 11 i; .. r e s c:· ·: · \-' i:::·:· cl c: h "' I €'.' u n 1 t ., Th'.·?Ys·c:· c:on·:: I c11 1?::··:"::1 tE· l;(:.•ds. s 11111 l.::·:r· in 



t•J ;;_:. <.1 t h e 1 .. E· cl rn u cl c I. a s t s .::1 n cl s .::1 n cl s t o n E• c: I. .::1 s t .::: a t t h E· 

l:i .=: ~; P o f t h e c: on ci I. o 111 Pr a t e ( L o c: ,3 L i t '/ ~J ·- 1 4 ) , 





Ii f·r 1D LOCl'/, t h e s i ffl i I. a ).. p li I s E· s 0 f c 0 .3 ) .. s· E" c. I ;.~ E t I ( 

material into the ba si n. 

F CJ I I ·:, w i n q 1 '~ a n o t h e ·,- s a n cl s t o n e -- s h <:l I. 1::.· s F! 0:1 u e n c: P ( 8 • :> rn 

thick). Th e s E· s a n d s t on t:· b t~ d s s t a n cl o u t a s s ri"1 a L l 1 .. es i s t .J n t 

in the non-resiEtant sha I.e.· <Fici 20) , 

sand sto ne beds are fi ne to meclium qrained. fll ,:i s s i ve. and 

C Ofi'1ff:On I.'-' Less than 0.5 meters thick. The shales are 

fissi Lf.:-. and have several calcite veins runninq 

th1 .. ou.qhou t ,. A fracture (or smal.1.-scaLe fault) runs throuqh 

lhese sandstone s tend to fine upwards to shale. 

F' e t r Ci q r .=.1 P h i c .::1 I I. y , a mediurn sandstDne: irnmature 

f E'· I. d s P ,;i t h i c l i t h .:1 r f.~ n i t e u n i t , l~I ·-· 1 6 ·-· 1 b . h a ~-.; 3 () ~,;: f e l cl s P .:i ·,- . 3 9 i:. 

Volcanic rock fraqments, and a cl.av matrix. The s.:i1Y1P Le:· is 

r1i o cl c· r a t t:' l v ::;· o r t e d 1.~1 i t I 1 a Eiqht rercent of the roc k 

i .::- :.~ E· : .. P C:! r» t i n e .:1 n d i t ,=:i I. :.:: c1 c: o n t .::: i n s rn i n o r c. h .::::· ·i- t ( i ;.;, ) ·' 

kl·-·9-·:?. b, a ve rY fine s.::1ncl: rnature microsrar- cemented arkose 

Per cent serpentine, three per cent opaque mi nerals. a ncl i s 

cemented bv mi crosp ar (18%). The samPle contains ca l.ich ite 

al.teration and ha s at Least one fossi L fraqMent (1 %) . The 

Th E:· i .. t:·~ i1l a i n cl P r o f (..I i n cl so 1.. c: on s i s· t s o f v f~ 1 · Y t h 1 c k s h .::1 l e 

u n i ·t· s w i ·t h o c c a s i on a I rn i c r· i t i c: cl nd i· h in (I.PSS 

ih E1n 0 .. ~)ffi) ~;,;;1ndsionf:' ht·"ciS· f1n1nq to ~-;htil.e. 

n on··- r·c! :: i :.;:t.::1nt, ancl ~~ i r11 i La1 .. to thosr:.:· .:;P\:•n 1 n I D!.<Js·r 

S•~c· C i· i DnE. lhesc limestones and sandstones are fine-q r a1ned 



Fiqure 20. Resistant sandstone beds forminq thin ledges in 
t h c·:· n o n ···· ·i- e s i "I: a n t s h a I. €·~ ( I. o c a I. i t ..,, lJ -- 1 6 ) ... 
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and f orm smal l. resistan t r1dqe s in the s·h.::: l.e . Th e thi ck 

sh <'1 I. e s r::: ·:: u enc: E· o f cl e p o s i t i on c on t i n u es u n t i I <:1 b o '.l t t h E· u P p E· r· 

10m of the shal e whe n coarse cobble and boul.de r size cl.asts 

appear in the shale. This shale unit is terminated when the 

C a .-:.; c: a cl E· F o l .. 11"1 a t i o n . a c: o a i .. s e c o n q l o ff1 e 1 .. a t e u n i 1: b e q i n s . 

S"' i11 P l e l<J ··- i B -- 'i d i s 1· e p ·r es !O-! n t a t i vi::-:· o f 1: h i s t h i c k sh ,:;1 l i::~ 

clepCJs it ion. The rock contain s 8Z quartz. 2S% feldspar. 

VF:Fs, and 1% MRFs (chl. orite) . 

The f11t:·d i urn s i Lt : immatur·e opague-be2rin9 is 

relatively uncemented with a matri x of cl.av. Thro u.i::ihcJU t 

t h i s sh ,·,1 l. ·~:· st:.' ·:1 u ;::~ n c: e a r· e b i o ft'1 i c r i t E~ ( i1l u cl s t c• n t:.' ) b t-:· cl ~; • l~!·-·18·-·ic: 

is a sample from one of these beds. Th~:~ s a r1·1P I. E· I. '" _, 

c:Las·s1f 1ed a•;: a pJ.aqioc:lase and Vf-i:F·-be,1r i ns.i ill i cl"" i t E.' 

( p I. a q i o c: I. .:;, s E" -- \I r:: F ~ m u. cl s t o n c· :i , c: o n t a i n i n q a b Ci u t '.::> ;;: 1 .. c• L .::1 t i v c· I. v 

un..:1 l tt:·i .. c·d feldsPar and 24% hiqhJ.v altered VRFs with 

remaininq 71% micrite cement and clay. 

!-Ii -:th E"l" UP in the st:.1 c:t ion. isolated sandstone beds 

bi:.:·qin to occur·,. lJ -·· i 'i' -·· ~~ c: . .:1 f i n c:: .. .. q i ... :i i n ·~'.· d i fll rn a t u r· E·! a r k o s E· , i s 

a rep r·es2nt3tive sarnpl.e of these beds. The sample contains 

a b o u. t 3 9 ;-;'. ft.'! I. d s P a r . ~-1 i t h s u. t:. E· <1 u .::1 I. a rn o u. n t E o f p I. .::1 q i o c I. <:1 st-=.· a n cl 

o r t h o c L a s e , rn i n D l"" op a ·:i u e s- .. a n d a c L a Y fil a t 1.. i x • l~I ·-· i 9 ·-· 2 q :' i s a 

c o a r· s E• .::· i I. t s t on 0! : i ii'1 fl'1 a t u ·!'" e c: h I. o ':" i t P -- c r=.· rn en t e d I. i t h i c <:1 ·1- F~ n i i e 

S !. I q h i: I. ~, h j q h E~ ':" up i n the sec tio n tha+ also occ:u1 .. s as· '"'n 

; .:~ Ci I. .::. t €·! cl b E• cl w i t h i n t h e s h a I. €~ '· Th i s s a r11 P I. €~ h as a rn i r1 E" r· a I. D t.:? l 

of 48% f elds p ~r, i6Z VRF s . '.5 1.·: Mr< F. s ( i11 o s t I. v s ;:.~ , .. P E~ n t 1 n e ) . .{ u ' 
·-~ /11 

c l. a\/ I and -'.)i:'. c:al.ichili.:·· .::il.ter<:1tion ... On e interestinq asPPct 



this .::-:11 11r.• le 1~ wha1 appears to be the beq1nninq of 

P h v I. I. o s i L 1 c a t £: c p i1l •~~ n t . 

r-- o I. L o w i n q is a I. o n q s r::• ·:1 t~ f! n c: c:· of sha I.es and 

b i Ofl'I i C r i t E~S ( ii'I U cl 5 t Cl n E~ 5 ) 11.1 i t h o c: c a s i o n a L s i l t s i o n E~ b e cl .'.°:· • 

!>J--;_;0-- i h 1 s onP of the thin beds. Thr::.· sarnpl.e is cl.ass1fie:·cl 

<:: ::., a rn e cl i u fll s i I t s t on t'' : c:al.c:itic iMmature MRF-bearinq 

ft." l.sp ,::1th i c I. i thart-:·n i tr::•, The sarnPl.e has 15% feldspar and 26% 

V F ~ F s l>J i th (altered-to-chlorite-and ·-b iotite 

PYrc~<enes. arnphibol.es, .:i ncl ol.ivinE·s) . There are about 30% 

clav qrains which are probably alteration of VRF s. Sdi1\P l. e 

W -·· 2 i ...... 1 ti 1 s a c o <:i r s E" s i I. t s t o n r::.· s a fl'1 p I. e t h .::i t h <:t s .;:, s I. i q i1 t I. v 

different mineral.og y ( ci 1 .. k ose) about 69% feldspar ( t 00 

a I. t F! 1 .. e d t o d e t E· r· rn i n £·! v ::i r i r::! t y ) '· 2 1 i:'. rn i c r i t e c e fi"1 e:· n t , 7 i:. c I. a v . 

The ::.-;t:.' 

t~<JO s i I. t sto ni=.·E rE·PrE•SE•nt the sl. iqhtl.y co<:ir·s·:,·r dE·Positio n 

into tht:·~ basin. 

depo s ition in the uppe r part of the Windsor. S .:?! ii'I )') J. e t.-! ..... 2 '2 ·- i tJ 

. ... Id is a l f! .. spa·i- MRF-bearinq foraminifera bioffiicrite ( feldsp ar 

·-·MF~ r-~ ·- f o 1 .. a ii'1 i n i f .:~ , .. .::: ff1 u cl s t one ) w i t h 2 2 :t:: f e I. d .s· p a ,.. . a ncl 

the rest cal.cite Cmicr1te cernent). 

f o s s i l. s o c: c u l.. t h o u q h o u t t h t." t h i n !'> e c t 1 o n • About h2l.f of the 

f E· I. cl s p '"' i" E a ·:- e El I. t el ... E~ cl c 0 (11 n I. €'! t (·) I y t 0 c: i~ I. c i t E· • 

i s· a f i n e q i" ,:i i n E:~ cl s a n d s t on f~· : immature forcim1nifera-hearinci 

arkose co ntaininq 4 9% feldspar. 

c1 n cl 4 :%: t o s· s i L -.· ( f o , .. a i11 i n 1 f l:~ , .. ,:i ) • 



0.03 Ctine-qra1ned). ThE· cl.av occurs a s ,3 fll,~~1.r ix. 

to P of the section . c o d r· s e c I. .::1 s t s (.LJ h 1 c h a r· E· c: n 1i"1 P I. E~ i c: L ,.· \IF: F s 

b e q i n t o a p P >:.~a r· u. n t i I. t h t:~ Ca s c: a cl e F~ Dr· 11i -01 t i on 1 s l" t:· a c h t:~ d , t h e 

o v ·~~ ·'° I. v i n q c on q L o 111 er· .:.1 t t~· ll n i t '· 

liJind sor =::: i enabl.es the extension of the Windsor Formation 

into th e subsurface. T h t:~ c: o r E" s .::1 ff: P I. t:.· s a n cl P t:· t r· o ci r· -.1 P h i c 

s <=1 rn P I. r.·:· s 1,\) i I. I. b E:! d t-:· s c: ·1- i b t.·:• d i n t h e f o I. I. Ci 1,>.J i n q sec: i: i on • A 

D e p o ::.-; i t i o n o f t h €~ ti.! i n c! s o r· b e q ~~ n VJ i t h t v_1 o c: Y c I. E·:· s o f 

Pebll.e conq l.ome rat es fininq i:o sa nd sto ne s, then shal.es. and 

t o ~; "' n d s t one::.-; a n cl p Pb b I. e c: on ci I. o r11 e i- a t E? s . The 

pebb l.e conq l.om erate bed s are tvo ical.l.v 0.Sm and 0.6m thic k. 

Th is t vPe depo si t io n continues fo r 7.9m wh ere th e pebble 

conql.o merate is absen t and in stead deposition consists nf 

coarse . medium, and fine sa nd stones . and shales. 

~::a rnp If• c--i 4tl I c: ta kE•n fr Dffi u 1 ·1 ·~·! of i"h E· 'f i nE~· 5.~1r 1d ~;:tone 

bPcls which is 0.19mm in ~ra i n size and mode r atelv sorted. 

Co r11 p o s 1 "l 1 on .::1 I. I ..,, ·1. h r:.~· u n i i i s c o ft'1 P us t:! d r· i- 1 rn a r 1 I. Y Cl f .,, o I c: a ' 1 i c: 

r· oc. L fr· ,;1ci rn ents and thus cl.ass· ifiecl ::-is a i'inf" sand .s tc• n t~ · 



rn e t a i11 or· P h 1 c i-- o c k f r· -:1 CJ 11: f~ n t - b e .:1 r i n CJ \' o I. c: -:1 n i c a r· t:~ n i t e . T h t:.· 

ScifJiP i.r:.:• i s c o rf1 P o s e cl of ' ._, 
I /u ·~ u a r· t z , . '}If/ 

b ··- '" vol.can1c r oc: k 

f raCJments . 11% rnetamorPhic rock fragments, 11 % fel.dsp3r (a ll 

P I. a o i Ci c I. a s P ) , 2 ;~; c h e r t , a n cf i 4 ;-:; <:1 I. b i t e c: e rn E~ n t . 

and al.ternatinq mediurn sands ton es and shal.es predominate. 

These sandstone beds are 0.3m thick wi th the shal.e beds 

a b o u t 0 ,, 7 t o 0 • 8 ff1 t h i c k • Th e sancls ton•?. S <:1rE· b·i-own i s h with 

c: a I. c i t E~ v e i n s i- u n n i n CJ t h i- o u q h o u t . The shales do not recover 

wc=.·LI inth issc=.·c:tion. 

At -238m a 0.5m bed of mudcla s ts which are fairly 

und eforMed in a clay Matrix are present. The rip up cl.asts 

ma v b f.-~ cl e r· i v E:! cl from shale unit s since the original. bedclinq 

on t h F:: s c: ·:·· i p 1.1 P c: I .::: s t s 

int o 0.6m of al.ter·nating sandstone and shale deposition 

end i n q w i t h a no t h er 0 • 3 r11 t h i c k rn u cl c: l a s t c on q I. off: E• r· a t e a t 

·-· :.~ 3 3 ff: • Th t:~ sequence described above o f a L h:~ r n a t i 1N 

sandstones and sha les continues for 63ri'1. Li thoLD CJ ic a 1.1.v, 

t h t:~ u n 1 t s i- e r11.::.1 i n s i ff! i L .':"1 i- t o t h o s e d t:~ s c: r i b e d p 1 .. P v i o us L v • 

At -199rn a pebb le conqLoMerate w ith mud cl.asts 0.8rn 

t Ii I c: k SI r a d •? :_-; into alternatinq coarse to mecliurn sand .~tones 

F' t.? b b I c:~ c: o n q I. o ri'1 E) r· a t E· s o c c u 1- a q a i n -:1 t -- I 7 8 fJ'J • a n d 

After -169 rn depo s it ion finPs with no more pebble 

c on q I o !J'1 •::: ·:· a t E~ s u n t i L - 1 4 7 ff1 • 

Sa r1·: p l. t:~ C ·-· 6 5 r E~ p r· E· st:· n t s a f 1 n e s a n d :_·.: t one i n 1: h E:" a b o v e 

F' e t r o q 1- <.1 P h i c a I. L y i t i s C01i'1POSecl of 2i:: 



51% vo l canic rock fraq ment~. 

i 5 i:'. c:...1 I. c i t e c e 111 t"? n t . 

orthoc l.asr:.:· ... About 15% of the volcanic roc k 

altered totallv to cla y . C .::i l c: i t e o c: c: u r· s as bo t h a c: >::·! 111 en t 

a n d a s .::i c i- a c k f i l l • The sa mple ts moderately sortPd and 

c: la s·s if i eel as fine sandstone: calcitic metamorphic ro ck 

bear inq volcani c: arenite. 

At -129m the first cobble-sized conqlomerate bed 

Thi s c: onq I. ori"1c··i" at r::.· ''~ co rrc:· l. .::i tive with the 

Lowermo s t cobble-sized conq l omerate bed seen in out~r·op. 

Th i s i s o v E· ·r I. a i n b v <:"1 s h a I. E· ( 0 ... 9 ri"1 t h i c: k ) i n w h i c: h c: c; b b I. e --

si zed clasts are found throughout. 

Ne x t a coarser sands tone cuts into the sh~l.e and 

into a c:onqlomerate. At 13iff1 a si Lt stonf:? cut::; 

throu~h th e cong l omera t e. T h i s s i I. t s t D n E• b e cl i s on I. y 0 . 4 i11 

t h i c: k a s c: o n ~' I. o rn e 1-- a t e cl PP o s i t i o n r e s u i11 f~ s i f1 '1 ill t.:: cl i a t e I. v • T 11 e 

c onq l.o ft'lc• ratE> . 

roundf;'ci c: La s t s, 

I. i ke th E· other·s. 

tAJ i th a c La>' fll -3 tr i x • 

contains cobbl.e-sizecl, 

A n q u L a 1-- ill u. cl c: L ,3 s t s a r E· 

seen in the upoer mo s t part o f th e uni 1. 

T h c~ c: o tJ b L e ·-· s i 2: E~ cl c: on q I. o f1l er a t f;' finE~S 

conqlomerate ai -95 m after whi ch al.terna t inq sandstones and 

sha l es Predominate fr o rn ·- 9 0 r11 t o -· 8 0 fll u n t i L a n c t h er· c o ,;i l" s e 

conqlomeraie beq i ns. T h i s c o b b I. E· -- s i z E· cl b e cl c o n t .:1 i n .~ :: r· o u n d E": cl 

clast s and sorne muclcl.asts. 

Sa ,,.1 p L E· C-- 3 6 ~"a s t a I< en f ·r o fi'1 t h E· _ .. 7 l 1!': t o -- !.; 3 • 8111 

s.:?·11.Lt:nc:e .. J ~- c: CJ n t a i n s 6 !. ·~ u a 1-- t z . 2 4 % f P L cl s p C"1 r· . ~5 9 /;'. v o L c: a n i c 

7(·) 



\" O C k fr<-iLlfl'l•?n t s. and 10% calcit e ceMent. 

s er r 0n1 ine i s aL~o see n • Th E• s a ff1P I. E• is Moder a tely sort e d 

.::i r 1 cl h a s a n a \-" ;: .. : l" d q e c1 r a i n s i z e o f 0 '· 2 4 rn ff! • T h e s· .::1 i1\ P I e i .s· 

c I. <:1 s s i f i .::· d a s <:1 ff1 E~ cl i u 111 s <01 n d s tone : c <:\Lei tic fi=: l.dspcith i c: 

L i t h a \" e n i t E~ • 

D c:· P o s i t i on o 'f t h E< c: on q l. o rn e 1- a t E~ c on t i n u t.:· s 'f' o 1.. i 1 ·' 0 ii'1 a t 

which into a series of coarse sandstones with 

,~1 l.te·i-n,0·1t inq si l.tston;;.~s ancl sh<:i 1..-::.·s. SaMpl.e C-5 is a samPl.e 

from one of the shale unit s. 

MRF-bearinq l.ithic arenite. 

srarrY cal.ci te veins 

<:incl 111 o ci E:· r a t E:o I. y w e I. I. 

C ·-· :> 1 s a 111 e d i u ill s i l t : i fl'I rt"1 .:.1 t u r E~ 

Throu.qhou.t the thin sPct ion arE· 

Th >? s· a ii'1 P I. e i s 0 • 0 3 fl'l ft"1 i n s i z E' 

-:- t :· •.1 ._J __ ; /u 

f e I. d s P :1 1.. , i 4 /;·: M F~ r-- s ( rn ::i i n I. y s E-' 1 .. P E~ n t i n e ) . 3 [., 1.: c !. a y ( b o t h ci r a i n 

2 1.teration Jnci ~ a trix), . ::\ nc! thr::.· C-:':'1!.c:itt::• vein • This 

cl e P o s· i t 1 on i s b ·:" o k E~ n b v a 3 ff: b e cl o f c: on c1 I. o iii e r- «:1 t E-.· -:::i t ·-· 4 ::; • .::. ii'1 

a nd t h F! n 1- C· s !.1 (i'f E• s u n t j I. end of the c:or~. This 

c: on q I. o i1l er· a t t:· is cobbl.e-sized with rounded cl.asts but no 

rn t1 cl c: I. a s t s a ·i" .:::· i n cl E· n t i f i e cl w i t h i n • 

~al.eocurrenr direction wa~ recon s t r ucted f r· o r11 i h e 

CJ":'iE"nt <:·1tion of cr·oss--str.::1tifi c: e:1tion ei n s.::: n dst cin f:·• b e d s 

throLlqhout t I: f· k1 incl se>r·. DUt·' to p os i -- clt>Po .s· i ~- 1 e> n..:i I 
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0 l- i q I n :i i h O y· i :! o n t a l i t y b V t h C-! U c: f• 0 f c;· ·I. •7" ·r Ci n ~:.· i p i- D i C~ r_ t I o n s 

On a few of the beds. t h e e :: a c t cl 1 r· e c t i D n o f 

i· 1 · a n s P or· ·1 c: o ll I. cl n c1 t b E" d E· t E· t t i"1 i n e cl s 1 n c e on I. '/ c=1 c l- o s s --

s~ctio nal view wa s exp os ed. In these ca s E>s. tw c• different 

di re ct i·::-1ns. i- e c: o r· cl E· cl • ~1n 

paleoc:ur··rent direction of N7~fE was obtained (Fici. 2 i ) . 

{~1 I. t h e; u q h t h e s E~ p a I. E· o c u r· ·r e n t d i r E~ c t i o n s a r e n o i 111 a n y , th pi '(" 

relative variation is Sff1all. and it is felt th at the 

fi"I E'E:c:·\ 1 ·rr:.:.rn•-::.·n·~ s clo qi"JE" 2. qeni::.·1-.]1. idea of the dominant 

pal.eoc:urrent clir0c+ ion_ S up p or· t i n q I. ;1 . Gr ippi "1ncl Burke 

(i'?7tl) obtained an inferred Pal.eocurrent direct i on to the 

N ci i- t h we s t i n t h E~ Cr E::' t .::1 c: £" o us H .::i no v £1 r· I n I i £" r· t o t h t:~ we· s· t . 

SYN J H E: S J S : 

J n t h i :- s E' c t i o n t h e p 1- E:· c: t-: cl i n q f i E· I. d o b s c::· r· v a t 1 o n c7 w i I. I. 

b e s u.1!'1 ii': a r· i z e c! a n cl i n t e r· P 1- t.~ t e cl us i n ci 2 cl t.~ p o s 1 i i C.• n -:~ i s vs t e M 2-.-

aPPro::1c: h . 

!he cone l.01;lt::1 r·a 1.e bPds- clici no1· displ."1v anv clisc:t:~1 .. nible 

1 r1 t F· ·:- n a I s t r u c: ·t u r· e E , except nor mal. qradinq probably due to 

the coarseness of the deposit. 

h DWE:4 VE·: l" , d c· f 1 n i t r.· I. v h a v F a I. i r11 i t E· d 

t l" u ; 1 c :1 i e cl IJ e cl s· 1.1.1 1 t h a ~-; c o JJ l" e d s u r· 1· a c: f:: , 

- 7 'I 
I .,.._ 

::1 ncl 



Fiqure 21. Rose diaqram with paleocurrent direction 
m~asures from the Windsor Formation. Note th e dominant 
caLecurrent direction to the Northeast. 

77 
IU 



s 



Table I . Paleo c urrent transport direction s derived from 

festoon cross-stratification in outcrop. 
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i n d i c .~·: ·'. 1 ·. ' r:.:.· c f .:,·: c h .::1 n n E· I. fa c: 1 e s ., The enerqy of the curren1 

that dePos1ted these sediments must have be2n relatively 

h i q h b e c a u s 0.· o f t h e c o n q I. o ii'1 E· r a ·t e b E· cl s ' s c: o a 1 .. s e n <:l t u r E· .-

The aLternatinq sandstone and shale sequence contains 

sandstones with a distinct channel. geometry. ThE· sanc!stonE.:·;:· 

a r e IA' e L L ·-· s o i .. t e d . cut into the shales with sharp bound aries , 

and tend to tine upw ards. The shales in between the sands 

.::1 1 .. .::.· t h 1 n I. v b c~ cl d t::· ci . 1>.1ith no visible i n t E·' r· n a L 

The Lateral qeometrie s of the obser·ved sand bodies 

indicate deposition 1n a sPr i es of channels . 

extt:>nt of the conqlomerate channels i~ qrea ter than 10m. 

T h e i n t e r l:i P cl cl e cl s a n cl s t o n E· a n cl s h a i. e s a 1 .. E· o f I. i fll i t t'.' cl E• ;< t E• n t 

(2 tD 3rn;i. 

Esker's foraminiferal. study (1969) of tht:-:· Si. (inn's 

e::;t<:lb Li shes 1'i'1 a r· i n e d u r· i n Cl 

T h E· s i: u d Y . h o i,..i e v E· r· . u s c.· d p I. a n k i: o n i c f o 1 .. .::i ii': s a n cl 

does net p 1 .. o v i d t:? a n y information about w a t t.~ r cl e P t h • 

None t h e I. es s , 1,1.1 i t h t h e p ·1- r:.~ c E· d i r·1 q ob s E· 1 .. v i:l t i on , wt:: ri-1.::i "/ at t ernP t 

a depositional svstems interpretation. 

T h e c I. a s t i c s ;;:.· ·:1 u c n c. (:'! s cl E· s c 1.. i b e cl .:i b D v E:~ r1 a v £·' r11 a n Y 

features that mav be either a submarine fan or clt:·:l.Ta 

clE•P OS ii:. T 0 s 0 ((1 E• d E· q '( E:• £-! J b Ci ·t h I(: .::i y h a v f:) s i 11'1 i I. .'.::) 1.. s £~ d i ((1 O:.'.· n I. cl r- ';/ 

s t 1 .. u c t u. \ .. e s· . f DSS i I. s·. l n o r· cl e 1.. t o 

111 .:i h C! t h c• P ·r op r2 r cl i s t i n 1:. i i on , it is nt:! Ct': s.:: ar :.' io c l.o si:::·l.v 

P x .::i ff: i n ;~. t 1-1 ·~·' .::i s s o c i .::1 i. e d f .:1 c i e s a n d t h e i r· c: h a r a c t e 1.. i s t i c E • 



The method of sediment t ranrrort differs be1WPPn a 

s u b rn .:1 ·r i n r:.:• f .:1 n .:i n d ~~ d t '.' I. t a • A s ubmarine fan may be dePosi1ed 

b v ..:i r· -.1 v i t v f I. er w rn (::> c h -::1 n i s i1·1 s· ( r.;: e i n c~ c k ::: n cl S 1 n .:1 h . 1 ')' :3 0 ) • T hE·St~ 

fl uid izE·d f I 0 ~11. ci·r .::1 in 

and dPbris flow. Deltas do not commo nlv transport 

E <::.• d i ''°'e n + i n t h i s ~11 a ..,, • I n t h e W i n r:l s o l.. , the pebbl.es that 

bt::-ciin to in the shale underl.v1nci the f ii .. st 

conq lomerat e unit maY mark the beqinninq of a qravi+v fl.ow 

clt:>PDSlt. These cobbl.e·-siied cl.asts are petrograp h icaLl v 

s i iii i I. <:i r to c:l..:::sts conq l.off:E·rE:te 

stra tigrarhicall.v hiciher and are probabl. v derived 

An important associated f ac: i E~s of sub 1Y1<::·i" i ni::-:· f .::1n 

dePosition ar e Lev ee de 00sits. The tvpe of deposition 

E~xpec:tt:»c! is"' c:eirnb i n;:i tio n of thin bt.:·c!s of fint':! sandstones. 

s i I. ts tones, .:ind shales. Levee sho uld disPl.av 

rootl.c:-ts. tr· .3 ck .s· I a n d n c1 p r i rn ::·1 1 .. v ~.- e cl i 1r1 E~ n t .:?I r v s t l .. u c t u. r es 

b E· c: ~·, u. s f! ci f 1 .. o o t rn o t t I. i n q ( F i s h ,::_. r <:1 n cl B ·r D ~11 n , i ? 7 ? ) ,. 

T 11 E~ v ,"1 s t :1i ,:: i ci i.. i t v o f fa u n a a s E o c: i ~1 t e cl \•.! i t h t h c 

~.1 i n d s o ·r <': 1- e r11 a r i n E· p I. <:1 n k t on i c: ·f' or <.~ rn i n i f er a (pr·c·clo rn i natP I Y 

q LoboCJe rn 1 cl) 4 In (less than 

ino ce r a rnus . bivalves, Ec.ninoicls, and crinoias are presGni. 

but not :n deiinite livin ci posiiion. 

t 1 .. ::: n.;::~ .. or 'l ... 

F 1 \.o .,.. r11 ·'.? 1 ·, 1 a ~-:::: . .-a c: i J t P cl f ,] c: l t:· s 

suqqestinq po s t·-m ortem 



turbidi·lF!S, ri':a.~~siv r:.~ sandstor1es. Pr:-:b bly s<:1n~is t oi'1E"S, 

Eind c'eb1· 1 ~-; f Lo1..i.1s. 

c: o n t .01 i n a t I. E· .:1 s i. p a r t o f E· <.1 c h o f t h E· s E· f a r: i e s ... 

fc;rrna ti on is c:h.::1 ·r ac: t •=-·!r i zF-d by C'/C I.es of 

c ob b I. t? -· s i z e cl c on ci I. o ff1 p r a t t:~ s .. f i n i n ci u P w .::i r cl s t o s· ,:;i n cl s t on t:· s a n d 

At the bas e of the cobble-sized 

conql.omerates ar·e matrix-supported clasts interpreted as a 

Overl.vinq the debris flow t h e c o n q I. o rf1 r::·~ r a t E· 

becomes grain supported with a channel cieometry. These 

conql.omera tes are qraded and have a scoured base. i"! it hi n 

f E~ v..1 t h i n s ,:;1 n cl s t one o 1.. s i L t s· t one 

bF!dS 11.1hic h finE~ up~,Jards to shal.r:.c• ... The debris fl.ow and 

c h d n n e I. t:~ cl c on s1 I. o iii;;_.:· 1 .. a t es a 1 .. e i n t E~ l .. p l .. E" t E~ cl a s fee cl e i.. c h .:i n n e I. 

d E· p CJ s i ·t s f ·r Ci ff1 t h c0! u. P p r::.· r f .3 n ( F i o:i • 

s-:"! n cl s t o n i::·: s Ei n cl s i l t s t D n E? s o \.1 t:• r i. .::.1 i n b .,... sh E: I. c· s a 1 .. t:" i n t e : .. p ·r P t e cl 

as levee dePosits on the side s of the UPP er fan channel.. 

The cobole-·sized conql.omerates fin e upwarcls to a 

pebble cong lomer ate <Walker's pebblv sandstone and then to a 

Less commonly. an overlv ing sequence of 

sandstones with cross-stratification and planar Laminations 

( t1BC Bo U(l)a Tht:.·se 

i n t c• r P ·i- E· t <a cl t o 1 .. e t:" r· t:• .::: E· n t u p p (·:~ ·i- t o if'1 i d f .::r n a b a n cl o n e d c: r 1 .~1 n n r:.:· l s • 

Cappinq the entire sequence i s a verv thick shale 

unit with occasional thin beds of fine-qrained sandstone. 

s i I t .~c· t on C·· , :i r c E1 i .. b on a t e . Th e c a i .. b on .:.1 t E·: i .. o c. k s ·=) f t h E'· kl 1 n d sci, .. 

or· ri'10 t.! nd n<:1 ·tu r r.~ ,. 



F i q u. ·1- c• :.? 2 ., D i <:1 q :- .::i ff1 .::1 i: 1 c \.1 e. r· i: i c: a I. s C'· ·:1 u c n c 1:• I: h r· o u. q h 
1;.J i n cl s o r s u. b rn .::i 1.. i n t.> f' .::-1 n c: Y c: I. P • S i:.~ c ,~ p p t:~ n cl i x I a n cl 
coMPlete de~crirtion. 
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Distal. facies with occasional 
thin. fine-grained sandstone. 
s i !. t s t on e , or r1i i c ,- i t i c l i hie -
stone beds CBouMa D and [ ). 

M i cl d I. e t o up P e i- f a n c h a n n e L .s • 
Lower sandstone a re roassive 
w i t h c h a n n r:~ I q e o rf1 e i: 1- Y • 0 v e i- -

lv1 n q sanostones have planar 
LaM inat ion~ and festoon croE£
~ ·ratifi cation CA.B.C of 
B Du 111 a 5 e 0:1 u enc e ) . 

Levee dep osits of f i ne-qr ained 
sandston9s .;:incl si Ltste;ne 
f i n i n .:! t c:· s h .:.1 i. e . 

LIP D E~ 1- fa n c h a n n E0 L c! e p o s i t s :1• i 7 ·-. 

~~ c ·::-i u r· r:.~ cl b o t i· o 11i s 11 ·r ·: .. . :, c ·::::· s . c ~·: :.J ' ; ~-; ·:-: L 
oeometr ~ . and qr~d1nq . 

l.' -::.· t) ( i .:: f I. [) ~'.) d E· p CJ s i t 5 •;) I ·\ ri c I. ,"J «. I 

ff: a t l.. i x -· 5· l1 p p C) i- t e cl ·r 0 u n cl e d c ~ c". :> J. :: 

: n ·:: .:; I. tl r11 P 1 n ·:i .·. 

p, 1 



lJ a I. k .::.~ r ' s· cl e p D :::; i i: i D n a I. ill o cl e L ( ~ '7' 7 tl ) D f s u b f1) ,j ,.. i n E' 

f.::in clcP C!S ii: i Dn. 
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11·1 I C: r I t i C: , rhvthmic:al.L~ bedded. 

1· .:i 1 .. a ill 1 n i f e r· a • T n t::O c: "' r· b o n .:": t ..:.~ s ' L o c: .:::1 t i o n in iht:·: thick shale 

se.··:1u.z.:·ncc~s ff1.::i·/ bE· indic.::1ti\!E: of clE·EP t1asin.::1I. c:onc!1'1.ions., 

sediments represent 

cyc:l.es of deep Fea fan deposit ion . The entire fan sequence 

i s n o t e :.: p o ~;· E~ d • D n I. v t h e up P e ·: .. to r11 i c!d Li::" 1"an c:h.:::ir1nt:~ Ls and 

The of the of 

deposition was that of ,~1 s I.ope" The coarse conqloMerates 

rei:;r;; .. ·sc•nt the:· wer·e the point source 

for· t h ,-..:_. s E· d i f;i c· n t with the sandstones reprosentinq 

rn i cl f -:i n c: h a n n e I. d >::' P c:• s 1 t i o n . T h t:· t 1-: i c: k .-::: h .c: I. "-'' s t; <i u. e n c P 1 s· t h e 

( F:nu.iJ'1a D .::ind [) ·' F'r:.:·t h <:l P s Ci~\J i nq th C" 

s t u cl ':' <:1 r· r:.:· .;,1 , The l-Jincl sor 

i n t e i" P r· e t e cl 

avul.s1on of <:1 subrn;;·,·i"ine fan in ;,i tc=!ctonic b:.:1sin <Fici., 24). 



Fiqure 2 4. ModP I. for Windsor de pos ition . 
represented b v the volc a r1ic s to th e south we s t . 

l" r 
..: :· 





S E I 1 I t·1 E N 1 A R Y F [ T F<: D L. Cl :~ 'r 

PRE ~ DJAGEN~ IIS dINEBALQGY 

The ffiaio r con~tituent£ of the Windsor are feldspars 

( b o t h P L:: q i o c I. <:i s e .:.:l n d o i .. t h o c I. ,:1 s· €~ ) vol.c.::;nic rock 

fr a q ti"1F.·n ts·' M i n ei r c Ci n s t i t u r:.:· n t ":: i n c I. u cl (·~· 1;1 E ... t (:1 rn or· P h i c 1 .. o c k 

fr· -:1 CJ ff: i::; r: ts , f i .. -:1 q ii": e n t s ( u .s· u a L I. ·~...- c h E" ·r t } , 

i C ,- ,- I I , .. >.:; .• ;;. . .:i ' oth~r varieties of fe ld spar . "' n cl o P <.~ ·:1 u F.· fii i n E· r a l s , 

Lo 111 P I. t:· t e ff: i n .::· 1 .. -:i l o CJ i c a L cl E· s c: r· i p t i Cl n s <:i i .. t:.' c: Cl f1l P i I. t:0 cl i n (\ p P end 1 x 

J J I . 

T h t.~ f e l cl s p ,71 r ::;.· c D n t a i r· E~ cl t•-' i t h i n t h t'.l li.J i n cl s o 1 .. include 

both plaqioclast:·s and orthocl.asc·:· s ~1Jith the Plaqioclases 

CJ c c u i .. i.. i n q 1n qreater abundance. The Pi.aqioclase s are 

coMw onlv twinned .. r·· . I. ,- I C! • 25) with pericline . c.:1 r lsb <:1d, a Lb i i:e, 

.::rncl c:o1Y1l:J i na i i Dn tw inn 1 nq Mt:~ a .s· u 1 .. e i1i en t o f 

t ~_, i n n i n q a r 1 ci I r• r· t a k E~ n f r o i11 c a r I. E b a cl twin s were a v e ra q ed . 

·y h t:" .c1 n q I. E~ s ·,- e v P a l a n c: o iii P Ci s 1 t 1 o n r ,:-i n ci 1 n ci f r o ii t: n '2 t o {:, n 3 4 . 

1,111·lh .::ir1 a ve 1-- aq c· c:o 111 :: .. us ii1on o f An ~~O (!< F· r r. J n Ln 1n 



carl.sbad-al.bite twins in p l.aq i DC !. .::SF.' 

(crossed nicols). B ,;1 r r· £l p 1 .. f:! sen t s 0 A '.5 it1 fll a t 4 0 x 
f1"1a qni fic:at ion. 

8 8 
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sect ion 

cl 1 ~; t 1 n q tl i sh .:.1 b I. E· b 'f t l .. 1 t-:· s E· r i c i i· t.:· .::i I. t r:.-.• r .::: ·1. 1 c 1·1 D n t h e c: r· cl i n s <:1 l 1 cl 

t Ii "" b i a x i a I. D p t i c :?I x i s· f i .:1 u r· t:~ , 

Th r- v D I. c: -:·1 n i c: r o c k fr a ci fi'1 E· n t s . or· \IF~ r:· s , h a v E· cl v a 1" i a b I ;:~ 

ii': i n \·:-:· r· a I. Cj q v c:· f p h e n o c: l" '/ ~-; t s . but are c:onsistentl.v prorhvritic 

in Mineral.s present .::15 

p I. -::1 CJ I 0 C: I. ,;1 S i-:~ , c L i nop vr c x t:·:ne, o , .. t h CJ p Yr o x t:· n t:" , 0Liv1nE". .J nc! 

a 1i'1 p h i b o I.•?.· ... ~:. I . .:::: q i C) c l. .::: s t:1 0 C: C ll l" ~;; ii'I (] S '(' as <:'1 

\i_I j th manY VRFs containinq onl.Y Pi.aqioc:l.ase 

PhPnoc:tvst s ., Th c· ff1 .::1 f i c: 111 i n c~ r .;:: I. s I. i s t r:.~ d .:1 b o \.1 t.'• rn .::: v a !. ~:: Ci Ci c: c. u 'i" 

CFiCJ. 

mineral.s never ncc:11t as more than 50% Df the phenocrv s is and 

LIS' U.:) I. I.\! I. ess i:h.:::n iO/:«. T h t7:· s e rn .:?. f i c: 

c o :n i1 ': on I. ":l .::1 I. t E· r i:c .. • cl t D tJ i o ·1: i t ;:_~ Ci r c: h I. o y· i t ;,:'· ( F i q • bu. i: in 

The metamorphic: rock traqments. or MRF s , 

p ·r i li'1 :1 r i :. v t o st.·:· r p C·! n t i n t.·:· • S t.·:· l" P en i: i n .-::: 1~ defined as altered 

rn <:1 f i c: 111 i n er <:1 I. s , PSP E·C i cl I. I. v DI. iv inc:•. 

OC:C:U ':' i:'1S PI thi:"i" of two varieties. a n t i q o r i t e o r· c: h v s o I i t e 

t CJ t h E· s i ri'1 i I. a ·t" i t ">' b e t w E· c:· n 

vt1r ic::·t1es. 

s Pr P E· n ·t i n e i s c: o rn li'1 ei n I. y a I. t <:.:· r e cl t o c h I. o ·:" 1 t .:::·1 ( F i q • 

The 

a ncl 

Other m2tamorPhic 

r Ci c k fr <c1 q fl'1 en 'l s <:·11 .. t::• a I t P ·r 1~~ d -·to b i o t i t e-.. c1 ·r - c: h I.o r i ·t E:'· P Y r n :< t:'• n E·.::: 

~1 fi': n I ' i b o I. f::· s . these 111 i r:c·r· .:1 L nc: cu·: .. 

90 



i:--iqu-re 26 ... F' 1 .::1q i DC: I .35E· and i1ia f i c: il'1 i ner· a I. 
n h t:' n o c r v ::;· t s· 1 n .::l v ei I. c ,,, n i c r o c k f r ,.,. CJ il'1 t:~ n t ( c: r o s s e cl n ·~-~ c: c• L s ) • 
Bar represents 0.5Mm at 40X maqnification. 

91 





F 1 q u r·e , ... "/ 
.A'- , .,\ Serpentine rock fragments 

st::·r::;oi:c•nt int.:· is 
fr,:1C1ff1t.::nts. 
nicol.":: ). B.::i·r 

co mmonl. v seen as the 
Note the large opaque 
represents 0.Smm .::it 40X 

in .::i I. i t h .::i r· ·~:. n i t ·~~ , The 
c h I. Ci r i t e -- .::i I. t >::.· l" •-::: cl CJ r· e e n 

Port..> fi LL (unc:rossE· d 
fl': .::·: qni fic:at ion. 
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1nc:luc!c r-ic1ih cher·t a 11 :I 

usu.;;ll v occurs as 0 f 

i'i1.1clc: l. asts .c1re idt:·n ·tifi<:.·:·d in onl.'/ t!•.JiJ s.01111Pl.E·s .. Tht:•st-.· c l ::ists 

I itnified before deposition bec·ause of their 

Minor deformation. 

Quartz occurs as a rel.ativelv minor constitut:>nt 1n 

the Windsor rormation. It av eraqes onl.Y 

a n d rn -:1 n \.' s t:· c t i o n s c! o n c t c: o n t a i n .:=:1 n Y ·:i u. .:: r· t z • The 

oc:cu.rc:: .:::hows undul.ose:· 

extinction in soMe crystals (Fiq. 29). 

in both cl.astic: an d c:ar·bon<:1i:E· 

b e cl s i n t h t:~ l.J i n cl s o r· • 

-!:h E• i1lOS t c:off:ff:i)n ·r·c:E .<:: i 1 i n t h ·:.·:· c .:: r b o n .:~ t E· , .. o c k s a n ci 

I f~ 1" i i. I. e Ci b v () p :·1 0:1 Ll p i1l a t ·~~ ).. i .:: I. < F i q • ~s (:i ) .·. 

F Ct s s i I. s o c c: u .... !. t:' s s o f t e n i n t h t:> c I. .;;1 ::.;· t i c r o c k .-::: a n cl .:1 1 .. i:::· 

Present in onl.Y eiqht0en ~amp l.es . Faun.::·1 inc l.ude:·s br·.,,ozoans, 

t> c: h i n ci cl ;;:- r f11 s· . c: r i no 1 cl s ( 1=- i ci • 

Opaques occur as two different f o r r11 s i n t h e kl i n cl so r : 

P c r c· f i I. I. ( F i q .. j i ) a n cl p a ,- ;:, I. I. E· I. I ,::1 ri'1 i n .::1 i. i o n s ( F 1 q • 3 :~ l . T h €~ 

p o , .. E" f i L I. or- .:1 " u £~ s .a r P i Y p 1 c: a L L ..,. I. D t1' p c r c: E' n t .::-1 ci c· ::..-: ( i t o ~'} ;;, o i· 

-1.hE· Sd111P l.e) , I i n ea r Cl P a ·:1 u E· s a P P E· a r· I. i nc:-s, 

P CJ s s i b I. .. :/ 111 .a ·!" k i n q b ..:-~cl cl i n ci P I. a n es ., 

"' hiqh':. .. 1 .. ~·r:.:•fcr: .. nt ::i'IE· 0 ·1 i'hE· ::: :'1ff:Pl.•:'! s 1n 1.JJ!·11c~1 ihE·Y ci·. c. ur l'1:> 



FiqU'(i-:·· 2tl ... 
f i l L • I"~ ,~j t e t h t:· i n cc: •":' ·r ,;i i i·1 us f o s s i l i n t h e up p E:· r· p o r· t i on o f 
th~::• P i c: t u r E· ( c: r D s- s- ·~;·cl n i c: D Ls ) ,_ Bai.. i .. E~ Pr•?:: s r0 n ts 0 " '.5 1n rn a t 4 0 ::< 
rn:1cin if i c:,;,t ion. 
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Fiqure 29. Undul.ose extinc t ion in quartz qrains (crossed 
n i c o I. s ) ,. E: a ·i"" ·f" E~ r· i .. est-:· n t s 0 ,. '.5 ii"1 ii"1 a t 4 0 :?,: 111 a CJ n i f i c a t i Cl n • 
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F i ciu.i"'e ::'; 1;.J, G I. D b o q e r i n i ci f o r· d rn s ~'' i t h Ci P <'1 ·:1 u c- p o \ .. E· f i I. I. i n <:1 

ii"1 i c 1.. i t i c c e rn e n t . I'~ o t i:.> t h c.• I. <.1 1 .. CJ t:.' p t:' 1 .. c t.o' n t a CJ e o f f £l I d s P ~1 r 1 n 
this bioM i cr i te ( c~osse d n 1c ol.s). Bar r ep r ese nt s 0 . 5MM a t 
40 X maCJn i f ic aticn. 





F i ci u r· t.~ 3 i . Brvozoan (upper Left) a n cl c 1.. i n o i cl ( I. o IJ.' e 1- L e f t ) 
foss il. s i n lhe ld i nd::::or For-ma ·t i on (cr-osEed n icols). Bar-
represents 0.5Mffi at 40X macinif1cation. 





Fiqure 32. Parallel aliqnroent 
planes (uncrossed nicols). 
maq~if i cation. 

104 

of opaques alonq paleobeddinq 
Bar repr·esents O.Smm at 40X 
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Use of 

/'F.•f I PC ·f '''·Cf I. i qh t identifies this opaque material 

f r· o 't'r i t s v e l L o t<.' ·- q o I. cl t i n t . 

be.c .:::i use e;f its rf.'•l.ativE• inst.::ib1 l.itv in 

t ':" 0 p I c: .::i L f o i .. in .;~ t i o n t~i .::: t e r s . th t~ irlOS' t 

t<:il<inci thE'· form of sericite. 

c:al.c:1te, .:=1nd bauxitt-:· , Sericite commonly occurs 

l!SU.<-:1 I. l.y fel.d spars 

The· ser1c:itE:-:- 1s· found on a i. :Y:os i_· .:::I I. of tht? 

tela~Par qrains of the Windsor 

The al.teyation of feldspar to cal.cite al.so occurs in 

t h r.:· l•J i n d s o l.. r o c k s . the ca l. ciuM-richnes~ of the 

f e I. d s 1:· a ·r s , th f.'.''/ a p P t-!.::i r· z oni::·:·cl ll..I i th t h e r1i o , .. e c: .J I. c i u ri'1 ·-·1.. i c: h 

al.tered to calcite and the more sodium-rich 

Lavers remaininQ a~ f~l.dsPar CF1C1. 36). 

t h >:.~ Li.I i n cl s o i- r· Ci c: k s i :.-; b a u x i t e . Two ob~erved varieties occur. 

o::i1til:;s-1-t·:~ <Fiq. 33) ancl c:.::1 Ii chi tP (!-" i c1. 7; /) \ .._, '( .· . ~'1 i t h q i t; t' ~: 1 1. e 

be inc! C2Lich1 ti: 1F observed on1v 

f: .:.i ,1 x i 'l c· 1 s a w C:! ~1 th~-:.· r i n o:i b Y 1:" r o cl tJ. c 'l 

cl&· r 1 v e c1 ;: r o r1\ i ht:" c 11e111 i ca I b r· Pa k cl o v . .1 n of .::i I. u i:'1 1 no.~· i L 1 c ~• 1 c 

i (·) •'.':'1 



F"iqur0:· 33. 
fr a q ri"1C'.·n t 

Coro~Lete qibbsite alteration of a volcanic rock 
(crossed nicols). Bar represents 0.5mm at 4 0X 

r1i .:::i q n i i· i c <?: t i o n . 
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F"iqu.rc'· ::54 ... C <.1 I. i c: h i t E· .3 I. t E· ; .. a t i o n o n d v o I c: ,::, n i c: r· o c: k 
n i c: D I. s ) • f; a 1- i .. t.~ P i"" es· en t s 0 • 5ii'111·: 

ri'1 -c·1 ci n i f i c: "' t i on .. 

f r· .:,1 -:i ii'! r:::• n + 
at 40X 
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i 977) . Th e bauxite a l terat i o0 occ urs mo s t 

in ~"J .::t r ti'1, h u m i cl 1 .. r::· q i o n s ~" h c: .. 1- P t h e 

n e c e s s a ·r v o ·f" q -:3 n i c a c i d s c .::i n b e P a s 1 I. v cl e r· i v t-' cl f l .. o li'1 t h t:" cl .:~ c a -~,.. 

of th F: ciE•.::1 cl iu nq l.e veqr::• t .:i t i on . 

foun d 1n I
. ('." _, f o u n cl i n c ,:1 , .. b CJ n a t e not t he 

c I. a s t i c cl e P Ci s i t ::: ( C o ii"1 •::.· ·i"" • i 'i 7 / 1, ) s u c h .:.:1 s t h e W i n cl s o 1 ... 

C t.~ r11 t:~ n t J. t .i. C:! n 

It has been recoq n ized b v Gallowa v ( 197 4). in a s t ud y 

of sand s tones from a nor th e a s tern Pacific tE:•ctonic b -:1s in. 

to th e cl e Pth of bu r i a l of th e 

S E-'d i ment s· . Th i s •:1 u El I. i t .::: t i v E·! cl p p I. i c d t j D n w i I. I. b E• a ·( t E· f!'I p t e cl 

he re with th e Wi ndso r se d im en t s . H Ot.iJ ever· . t h i s a p p I. i c: a t i on 

r11 u s t b E~ us Pd ~IJ i t h c a u. t i o n s i n c: e t h e c1 E· o t h E·! 1- ff1 a I. ci r· .::1 d i e n t s 111 a y 

d i ff t. ·r· b t:.' i° ti.it:-'P n ar·ea s in a v a r· i a t i on of 

t emp er at ures with de p th. Th e Win dsor' s qeoth erma l. q rad i e nt 

doe s Lie w i thin th e ranqe of q eotherma l. qr adie nts I ll 

Cr a I. I. o ~ .. J <:·: Y ' s E t u d y <:l r r:· a .. A l. so t he or iqin a l ri"1 i n e r <:1 I. o q v rn a Y 

cJ i ff E• r· • Th e Wi ndsor roc ks c o n ta i n cal.cit e . a l.b i t e . and clav 

i1l <":l ·t t i x a s t h E· " c: E· 1i"1 ;::: n t s " . Th e dept hs a t wh i c h th ese cem e nt s 

o c: c: u ·,- 1..1.1 i L I. b e c o r r e lated with t he r·ocks . 

est .::1b I. i shi!::d tht:: f o I. I. ow i nq sp.;i uE~ n c:r:.:· f or cE·rnent tvpi::~ w 1th 

i n i:: 1 .. t:~ a s i n q b 1J r ; -:i L : 

1 ; i 



earlv calcite facies ( L o c a L L v ) ~ t c.1 c I .:.1 :--- 1.. 1 rii a n Cl 1, en- ) c I. a·~.-

fa c: 1 E· s t o ~ I. a u IJ'1 on 1 i. E· -- p h y I I c1 ~; 1 I i c <:: i t.·:· f a c: i 1"? s i o -7 p r· e h n 1 i e --

P u 111 P e I. L y i t e fa c i E· s t o ~a L b i t t> e p i cl D t e fa c i e s . 

In his s·tudv, at VE·rY sl·1.:1 I. Low deP ths ( l.r::.•ss than 

1 0 0 () f t Cl l" 3 0 Ci ff1 ) a n cl e a 1- L v i n t h e b u r· i -::1 L h i s t o r· v . c:alc:itE~ 

forMs as a cement. As the sediments become buried deeper, 

at depths ranqing from 1000 to 400 0 feet C300 tD 1200m). the 

cheMicaL alteration of unPtabl.e qra1ns Pro duces authiaenic 

c I. "I y s ( i1l a i n L ~1 c h I. D r i t e . 111 on t i1\ o ·: .. i L l on 1 t E, • ii.Litt:>. and 

l<.:iol.inii:t:~ ( G.::i I. I. O!,<.J.i:'1 "/ ' i?'/4). Many times the overburden 

pressure which causes the mineraloqical chanqes Mav deforM 

t h c· q 1 .. a i n s ... LJ h r:~ n ·!" o c k s a r· e.. s u b i E'· c t E:· cl t o q r· 1=.· a t ;: .. ,. ':" d tc' p i: h s o f 

bur i .::1 L (3000 to 'I OOOOft 01 .. 900 tc: 3000i1l), the l"t'•i1·;a 1r11 r:ci Por·e 

w i I. I. infil.l.;:•cl b ';-' 

phYI l.osi l L ic:.::itt:~. Tht:· ff:ost coi1'1ff:on zE>o I i te is I a u111or1 i te. and 

fi'IOSt C Oil'lff1Dn phyil.o;:-i licat e I
., .. 

.::- ch Lo·;- i t e Q)" 

111 on t fi'1 or i I. I. D n i t e . H c:o f ci u n cl t h e c L a v c o .a t f \" o 11·1 t h e P 1 .. e v i o us 

Th e p h )' I. I. o s i I. I. i c a l es t .::1 k e t h E· f o ·1- ii'1 o f 

e i thE:•l .. i r r E> ci u I. a ·r 111 .::i s· st:~ s o 1.. P or· e s· P .::: c e i n f i l L i n c; , Th E~ 

z t:'· o I i i c~ o cc 11 r· .::- D n I v as Po 1 .. e s Pac E· i n f 1 L I. i n ·=! • 

Continued burial of the seaiMents often r·e~ults in 

f u 1 .. t n r: r i n c: '!" e <:1 s j:.:· i n t r·1 e o v er b u r d c::· n p r es s u i" c· <:1 n cl i e f11 P t· r -:: t u ( E'.' 

which produces a 

F' r· eh n 1 i ,, .. 1 r u f11 p E· I. I. v 1 ·t e , <:lncl E•Piclo·ti:::· bE•COi1'1e the 11 C:Pf11('•ni.<;" o·t 

i 1 2 



t 11 i .~:: :t. on•::--·. 

The Windsor Formation contains both 32% calcite (Fiq. 

c-1nd -vu . ' ,,_,,., <:ll.bitt:~ CFici. 36,i ceMents as indicators of shallow 

b 1.1 r i ei I. _, Albite and cal.cite may both form from anorthite bv: 

A ,-u -+· , .. ,. + 

H ;iCl 

anorthite al.bite cal.c:itt:.' 

Althouqh the water chemistry 1c:- not known, for·il"1.::1tion of 

a l h i t E· s h o 1.1 I. cl b P. f a v o r· E~ cl o v e i- the formation of cal.cite 

t h E·:• l~J .:,1 ·!. C·:• ·r JS u n c! i:-::· ·:- .:7 a t u 1 .. ·''' t ,,::· d w i t h r es P E· c t to 

cal.cite. ther·ebY dissolvinq t h f.~ c .::1 I. c i t e . 

control.l.inq factors are the pH and PCO • 

lhe ~ost common tvre of cement present 1n the ~indsor 

.:i ::.-.; C E-' i1l IC·:• n t ,_ Samples with cal.cite or al.bite cement often have 

the beqinninqs of cl.ay coatinq on grains. Thi:::· p-.···?Ec·nce of 

these c L.::ivs is indicative of depths of burial of 1000 to 

4 (-) 0 0 ft Cir 3 () (-"; t Di 2 0 ".·) i11 ·' 

c h I. or i t t::: ph·:.-··1.Losi l.ic:,~:te cement, 

indicates even qreater depth of burial. (3000 to i0000ft or 

T h f' s .::i i11 r I. es ei b s e 1- v E:' cl h a -.. F: CJ n I. v t h P 

t.. C·· q i n n i n q .'.:: o T P h y I L o s i I. i c .:j l P c: e f!"1 c:-:• n t ( F. i q . 3 8 ) c.1 n d 1 .. •? t <:1 i n t h r.· 

c L.:1Y co-:.1t1 nci. T h i s c: e i1l E~ n t c.1 c: c u r· s· i n on L \' 3 !:: c' f i h c s .::i 1,-, r- I ;:_._. s ,_ 

L! :.: 1 n q t h "-" .::1 b c; v E• , i n f o ·,- 111 a t i Ci n . t h i?:! d e P T h t Ci l,1J h i C h t h ·:.• 

Windsor rocks have been buried can be appr·oxim3ied. 

i i 3 



F I q ll )'" E~ 3 ::.~ , 
P J.;:iq i DC 1.-'::SE~ 

Ca I. c i t E·:· ···• c: E" rn t:> n t e cl .s· a rn P l e . 
in the center (crossed nicol.s). 

0.5MM at 40\ Maqnif:cation. 

1 , 4 

Note the zoned 
B .::1 r· r· E'! p r c:=· s 1::> n t s 
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F i q u. 'i"' E· 3 6 .- t1 I. b i t E· -- c: ;;:.· rn e n t t·:· cl s "' it"1 P I. e ... N o ·l E· t h e p e r i c: I. i n E:~ 
t ~1 i n n i n CJ o f t h t.·: P I. a q i o c: I. .,;i s· t.' i n I. o t;,1 .-::: r· I. E~ f t ( c r· o .:.-· :::_; P cl n i c: o I. s ) , 
B .:.1 r ·,-E· P r es en i: s 0 , ~> i;'1 ii'! a t 4 0 X r11 <:1 q n i f i c ,:,·, i: i on , 
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F I CJ Ll r· f.? 3 7 , Cl.av matri x forms "c:ern t:·nt• for· t h i s s a :1: p I. e 
nicol.s)" 0., 5fi'tit"i at 40)< 

ff1a ci n i f i ca i: ion , 





F i ci u. Y' t.'· 3 8 ·' T h r::: b E< ·::! i n n i n q s Cl f p h Y L I. D :::- i I i c a ·t r· c F· ff: ;::_. n t . i·,1 o ·t. t.? 

t h 1:::· c: P ff1 t:'· n t f or· f,i s r- i iii.': .::i r· o u n cl t h P q r· a i n s ( u n c: l .. o s st." d n i c: o L s ) • 
Bar represents 0.5mm at 40X magnification. 

' ~ ' (t J A.. . \ . 





kacil1n1i·i'.:.'. 

:·· ncl i I. I. i ·1 .;::. ) 

b u r· i E·:· d t o a t I. east 1000 to 400 0 feet (300 to 1200m) . 

b E· q i n n i n CJ .::: Ci f p h ':! I. I. o s 1 I. i c a t f.· c e n·1 P n t 1;.) t.·:· r t:.-: f Ci u n cl 1 n "' f E• w t h i r 1 

s ;:.; c t i on s· i n d i c -::i t i v P o f b u 1 .. i "' I. t o 3 0 0 0 t C• 'i 0 0 0 0 ft:' e t ( .:;.; 0011i t o 

3000ffl) ; h o \.\! E• \.' E· ·I°° b e c: "' u s •::· D f i t s ·r (·:·:· I. .::i t i v E·:· s· 1~: .:..1 r· i t y ( 4 :::: ) , i i i s 

inferred the rocks were buried to about 3000 to 4000 feet. 

Th is dr~'·P·th ~<1oul.cl .:..1 I. l.01,..; suffic ie:·nt p·f°Esst1 ·: .. r:.~ foi- i·ht:· fori11.::1t io··, 

of pl1~' L Los i LL i c-::1 tes in some samples but would no1 totally 

tt.ansfor·ff: thE· c:l.dYS to phyllosil.ic: .::1tt-.•s ., A <c rni::~n t i one cl 

bef 01 .. e. a PP 1 .. o ::< i ::·:"1 t t:' d u.e 

t o Possible qeotnermal. gradient variations. 

Co r1i p o s i t i on d I. cl i a CJ i ... a r11 s h a v e b e er: u t i l i z e d 1 n 

sed im Pntol.oqic cata presentation hY Dickinson (1982) and 

Ga L l o t;J -:1 v < i s· 7 4 '.• ,:i n d i n i q n E; o us ci ::·: t -:1 b v M v -:i sh 1 i .. o ( i <.:) 7 3 ) • Th e 

u s E· f U. I. n C'! E ~~ Cl f i h i s ffl E• t h D c! h d s l:l E• t:• n ·i E· ill Ci n s t .,.. "' t C• c! p r e \! I 0 ll E I. ..,,. ' 

In the· fer I. l.ot;J i nci sec: ti on, sever· a L t i.. i .) n ci u L J r cl i "1 q r a i11 :::: t"' i I. l 

b ,_-_, P r E• ! i::-:· n ·t •·::· c! a n d t h t.:· i r· rn in~ral.oaical. lrends d1scuss0d. Th E· 

lil i n f.·:· r .. 3 I. C• q i c: a I. p ,;r r .:::1111 t:' i· E:' l .. s· for· t i .. i a n q u I. .::1 r cl i "' q r· a ii°1 s ..::i 1 .. t.,' 

c<,1'l::1l.oo::iuc·d in Tab!.·-::· J]. 



T.:·1 bl.e IIA C ci ri"1 P CJ s i t i on ::i I. En 1J i"l e ii"1 b r::.· i- .'.7 f o i- Tr· i a n q Ll I. a r 



T i- i .:, n g u L .::, l
D i a cl- a 111 

1]i1 :F' 1J 

.;f,. F-\1 RF - MR F 

Ur p e1-;1:0 ~-:

F'o I. e 

Q t! ::: ·r t : o:: t:-
g 1- a 1 n := ( [l > 

M o no c 1- v s ~· a L -
L i n i:o ·:i.. u a r t :;:: 
g l- a 1 n s ( c:1111 ) 

Mon o c ;- 'I ~ ~ 2 l -
L i n e ·:;. u 3 l- ~ z: 
g r a 1 n s ( G:1 r1 ·1 ) 

Se d ; 11·1 en t a 1- v 

l- O C k f 1- .:; a -

111 e n t s 1: S R F ) 

Lowe 1- L2 ft 
F·o le 

F e l d E" P.3 i-
g ;- a 1 ns ( F ) 

s a r,1e a 5 

.3 b 0\1 e 

F' L a q i o c !. a ::.- e 
g l- a 1 n s ( F' ) 

Volcani c 
l- oc k fr a q-

111 en t 5 ( V RF ) 

Low er R ioht 
F'o Le 

Unstable aph
.:in1 tic li~hic 
fr .:, a 111 en t s ( ~: F :i 

Total aph-
an it i c Lithic 
f 1- .::i g 111 en t 5 (FF \· > 

1J l- t h o c L 2 .s- 12 

q l- a 1 ns ( 0) 

rl e t a 111 o l- P h i c 

l- o c !< f r a a -
(J)t?nts (i'lt-.:F) 



1.h2 t~1 1ndso1 l .. 0 c k .'.: ( F I q • 39) lc t~1 :;ua·i.: 

contE•nt (Less than S;·;'.). The rock fraqment~ and feLci~P~rs 

the bottom axes with nine samples 

cont<~ininq onlv (rel..:itiv•?:! i:D thE• i· \>-) C.1 

constituents) and 14 samp l es containing on l y rock fraciments. 

The compositions are qradational between feldspar and rock 

f 1- a q i1l f.·:· n t s a n cl d D no t t .:~ n d t o c I. u s t e r .:i t e i t h e 1.. en cl f11 e f;l b e ·,.- • 

Co r,·, p a r· i s on w i t h Di c k inson ' s finclincir· of t ht-.· 

composit i ons of th e Ho kon u i Assemb l. edcie of New Zeal.and. the 

Windsor sediments are more feldspar rich and t~nd 

rn or· e q ·,- a cl a t i o n .::: L c o i1l p o s 1 t i o n s b e t t.iJ e en r· o c: k 1"" i .. "" q 1r: en t s a n d 

fel.dspars .. 

C ::i I. i fen· n i «:: • 

Compared with the Great Val.lev Sequence from 

t he Windsor ha~ consiclerabl.v 

This I.ow quartz content is no i s u ·1- p r 1 s 1 n q 

c: o n s i cl e r 1 n c1 t h P q r· e ,;1 t c! i s t t: n c t.:: t c· t h e n F.-' a r e s t c: o n t 1 n c· n t -

(monocrystalline'-Feldspar-Liihic 

Fraqment diaqram or Om-F-L CFiq. 1/(! ) is sirni L-::1r tC\ thP t~FL. 

'j i <:1qrarn,. Th c· o n I. .,., d i s t i n c t i D n b E· t w E~ r:.·! n t h c~ t w o ci 1- cl P h s i s t r·1 E'! 

inclus i on of chert as a l.i thic rock fr ... 1q1!'1 €·' n t ( sec! 1 :"t"1 €' n tar y ) 

:i n d i t s c~ :< c: L u s i o n .::·1 s p a ·I"" t o f ·~ u a 1- t z • The ciiaqram has a 

~;· I ! q h ·l I. Y I. o v..1 .:-.· i" ·~ u a r· t 7 c: Cl n t .:~ n t b u t the other points remain 

c I. u. c:· ti::: r· c-:~ cl ,1 I ·-:-• n q th~ Line between feldspar and liihic: r·ock 

"l"hc.~ nui11bi:~r of l""OC:ks wi t l1 onl.v rc1c: k 1'r-.1cii1:t·~n i ~-: a5 

c:on::;t i tu•?:!ntE i ncreases from 14 to 16 . c D (;"1 r -~1 r E· d ~J I "l r I 

1.1 ; c: 1: 1 n son ' !"; cl a i" a f c:r· t h i::· H on o I~ u i a nc! i"he Great Val.Lev 



Fiqure 39. Trianqular 
of quartz. feldspar. 
represent findinqs by 
~:i:::·d i l 1'1(~j') t .::1 t i Ci)": 0 f t h t:.· 
fore-arc sedimentation. 

cl i .::: q ·1- .:1 rn i I. I. u s t i .. <:1 t i n q t h e r· E" I. .::i t i o n sh 1 p 

and rock fraqments. 
Dickinson ( 1982) of 

Dot ti:-:·d Lines 
c h -=~ y· i:l c t E" )" i s t i c 

Hokonu i assembl.adq~ of Ne ~ Zealand 
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F. i q u r E· 4 () ... Tr i .:_:, n q ll I. <:1 r d i <:1 q r d rn i I. I. u s t r d t i n q t h r:· ~ .. E·:· I. a t i on sh i P 

D f rn o n D c 1- Y ~-; t a i. I i n f.:' q t1.::: 1 .. t z , f e I. cl :::-· P .:?I 1.. • a n cl 1- o c: k fr .::i q 111 i::::· n t s • 
Dotted l.ines re~resent Dickinson's (1982) f1nd1nqs of 
characteristic: fore-·arc sedirnentation of the Hokonui 
as s·r,,-:·rnb I. <;j cl qt::·. 
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fraciff1t.c•nt:.-, an:! 

Rock fraqments ma v be subdivided into volcanic CVRF>. 

ff1 E~ t a ri'1 o r P h i c DY ( SF:F) , 

diaCJram i llustratinci the character of the rock fraciments of 

thP l,..J i nclsor is sho1JJn 1 n F. i q ur·c· 4i. The rock fraqments are 

predominately volcanic:. Thir·t v·-t hr·t.~E~ sa:11Pl.es cont.:?!in or1LY 

vc)i.canic rock fr .::1 q fi'1 e n t s • Metamorphic rock f ·r a q rn E· n i: 5 . 

serpentines and al.ter·ed mafic m1neral.s. account f en- t o t a L 

rock fraqments in s i x samrl.es. The points tencl to c:l.ust;,::~r 

fracirnt:~nts with L Dl~! 

The graph of Quartz-Pl.aqiocl.ase-·Orthoclase CFiCJ. 42) 

l.lustraies the predominance of Pl.aqioc:l.ase over both 

orthocl..::1se .,;incl <1u.artz. The graPh does not incl.ud2 al.l 

s .::1 fi'1 p I. E" s cl u E· i: o f E· I. d s p .3 ·1- <:1 I. t e 1- a t i on ~'J h i c: h rn ci s k s c o rn P D s i t i on • 

Dickinson's findinq s three fore-arc basins 

cl i s P I. a ">' s a :; i '"' i I. .3 r .3 b u n cl ;:i n c e o f P I. a q i o c I. a s E· c. Ci i11 P a r e c! t Ci 

However. aqa1n his data contained hiciher quartz 

PROVENANCE. CLIMATE. AND VIAGENESIS 

I h "" o c: c: u r· 1 .. enc: t:-:· o ·F ;::,· u c. h ;,1 I. ,=i 1 .. ci e a 111 o u n i ei f v o I c .:1 i"'1 1 c 

i30 



F i q u i" t:' 4 i . T i.. i .;;i n ci u I. ;,1 r· cl i ;,1 q r· a 1Y1 i I. L u. s· t r .::1 t i n .:i t h t~ r· e I. .;;i i: i o n ;; h i p 

of sedimentary, volcanic and metamorphic i"ock fraqmentE . 
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Fiqu·i"e 4?,. Trianqular diaqram I. I. u. s t ·:" .::: t i n ci t h <.:· i" •:, L a t i o n s h i P 

D f •:1 1.J •. ::i r· t I , p L.:::q i oc L.:::sr-:. .:ind orthoclase. Dotted Lines 
D i c: !:: i n :::;· ei n ' s· f i n d i n q s of characteristic 

s•::"d i rn•:"lnt<:1·t i Dn ... 

i33 
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r· Ci c '' f r a q in,, ... n t ::; i n d i c a t E~::; d er· i v .::; t i o n fr· D r;·r a v o I. c ,·:i n i c :~; D Lt · · c c· , 

b~cau~e Mos 1 o f the rocks are vol.can1c Lithare n ite s, n .::. r;"' 

c1f th •-:.:· \.ro Le: an i c r·oc k fl"J(lir':t-:·nts ha·/E:· fe Ld~~;p-::-ir Pherrocr-v:-:,· ts .:ind 

thus 1 t can bt." <:issuinE•d the fe Ldspars r11.:":li' h.::1\.<E~ bE~er1 c!E<r i vecl 

<:1 t I. e .::1 s t P a r· t L v f 1 .. o ir'r t h e v o I. c: ,:1 n i c 1 .. o c k . .::.; • 

Furthr:.··r 1:-:· vidence is cibse·ro...<t.'•d 1 n Fi q urt.·:· 4~2 ~\J i th thP 

d o rn i n a n c >:::" o f p I. a q i o c I. .::1 s c: o v t:-" 1.. or t h o c L .::i s e • Rocks· which 

contain I. .:1 r q .;,~ .':J ft'r o u. n t s Ci f p I. J ·~r i o c I. a .:: E· i n d i c .::1 t 1:.:· c! f:.' r i "./ a t i on 

directly froM volcanic sources. Fo 1.k ( ~ '?80) c! i sc: u~-;st.:·d the 

tectonic siqr1ificance of pl.aqiocl.ase arkoses . He suqq c::·s tecl 

p r o d 1.1 c r:::.• ~:: rn .::1 t E· r i a !. t h a t is raPidl.y deposited. r-~o I. I< .:1 I. so 

noted that qranites and qneisses coMMonl.Y viel.d fel.dspars 

wherea s vo!can1c rocks 

contributt:.1 ftc·ldsp.:?.·rs· p I. .::1 (J i o c: I. a s t.• a n ci 

sanidi nE~ . r:· o I. k p o s 'I: u I. a t e d t h <'1 'I: i f t h io~ l .. e i s fi"1 o ·:" c:.. P I. i:l q i o c: I. a s E~ 

t h a n o r t h o c: l. a s e , .:;: v o L c a n i c: s o u , .. c: t.:. i s !. 1 k t:~ I. Y • eSPt·~CiaL!. v if 

the p!.aqiocl.asos are zoned. Tl·: is ~1,1 ou I.cl bt:· cons i E'l ;::.·n'I: ~·Ji th a 

p l" or C.• s e cl tectonic wodel of th e Windsor sediMents to be 

d E· r· i v 1~~ d fr o ii': t h e r a p i cl '°"'' 1- Ci s i o n o f \-' o I. c d n i c h i ·~ h I. a n cl s ,, 

·r he r o c: k feldspars are dist ributed 

about tht:-' 

.-. d1;1::.:. a:11..-::it1nt of sarnp L~-:·s: with .:1 L l r·oc:k f ·r"-:1C1 1Y1ent s· as 5.Jfi\P I.es 

with al I. fel.dsra ~s. Owinq to the re l ative instabi I ii: Y of 

th e fe I osp.:::r . it wouLcl LH:· expected to be cl t:->cor11Po st>d r .:.:1P i cl!.i 

!"i u ir'r 1 cl 1? n "./ i ·r- D n ii'11~'· n t s u c h E: s ...J a :1: <:': i c ,·~ 1: F Ci I k , '] '? c::o ) . 



Tl:i;;· sheiu.lcl ·i-esuli" 1n disPrc1Po·1-tiein<'1t;:,! i:lf11uu.nl eif I itl:ic CJ·~.k 

.1:-:i:::~c .:.1 u.se tht:" amount of i ':°"J 

a b ll n d .::1 n c c:. s .:-i I. r11 o s ·1 e ·:1 u .:1 I. t o t h E• I. i t h i c r· o c: k f ·r .::1 q ii":"-" n ·1 s , 

p E· r h d P s b \' u P L i f ·I o r 

dep osition re l ated to tectonics. 

S•::·r·pc·nt in;? , 

I !:_; tvP i c:a I. Lv i·c·un.:! In isl.:1nd arc environMents ( 1-l \'n cl 1Y1.:1 n. 

1972) i t E .:::1 s s c.1 c: i .3 t 1 on i n .J a 111 <.i i ca 1 ,.. s u PP or· t 1 ,, r:_:, 

of the isl.and arc hvpothesis. Serpentine is thouqht to form 

f r o ii": o L i v 1 n i-::.· b / the" E1dd i ·t 1 on of Li.Ja tr.·r· .::1 n d s i I. i c: <:: ( H v n d ii": .:i n , 

.. r h e r e ,;1 c: t i on 1 s· : 

+ SiCi~ + H ~Cl r; !"'1 Q <,' ., f .. j ( {.) L.J ., •.. . ~ "' ~ .. 5 · .. r ·· '-I ( I A ) 

(oliv ine) 

U 1~J 1 n q "!" c t , .. , ;::, c: o ii"1 ff1 o n o c c u. i .. 1- c·:· n c: c· c:i f s i:.·:· r p '"-' n t i n •::• a s I. :i r q e sh e •::· t .... 

I i k E~ P t::· r i cl o t i i: ;:_:. s ('.~ r· p e n t i n ;:_:. b o c! i t:.' s a 1. on ci 111 .:3 i c.1 r t 1-1 r u. s t f a u. L t ~.-

=is.coc i .::1t i Dn ~\! i th ; s I and .:::res, Hvndrnan 

tha ·t tht:~se bod 1 E·:~ ~·:re upp;;.:·1 .. rn.:::nt Le oct-~an 1 c 

th ·t""us t onto th f~ I. a ncl (obduction). 

serpentinite mav be u s e cl .:1 s a n i n cl 1 c: a t o r· of oceanic c:ru ~t. 

The serpentinit e becomes exposed when the oceanic crust I
, .. .. ) 

not subduct.:-'c! but instead i ,-; t h r· LI S t onto l..::;nc!. l-IYncl11 • .:in 

n c1 l" t.e· s + h a t s u b d u c: t i Ci n , I~· r· I CJ r t Ci I "l E c: '<.:· s s .:1 l i CJ n ' 

produ.c:2 scrPentinizJtion bv the -:1clcl 1 ti on of l!.I?. te r. 

F ;,::. r p r.· n l 1 :", 1 z <-: t 1 CJ r: c a n p ·( Ci cl u c f.' a 

cl en ..._-; i t v o 1- t he c r l.l s· t i :-· o f;l 3 • 2 t o ,,. :"; I. c: !i ·"1 .- ::::: • C) • Th , s· L i c1 h t f" l .. 

.\ -:· '
I · .. J ~.' 



d.::·ns i tY WC'1U I.cl t t-:· n o t c: c .::: u. .-:.: e the c i .. us t r C" 1· I S t'7 ihe 

sui f.:,ic1:.:. f.:.1c.i l.it.::tinq obd 1..1.ctiein ... 

r o c ks 111 i q ht b P ant i c: i P .::: t e d b cc .::1 1.1 s E:· Ci f th E· i:.- r ox i rn 1 t .,., o 1 t ·1 E .. 

subc!u.c:t1on i:Dne. 

fa ult zones as the s ubductio n 2nde c! . 

occur as rock fraqM~nts. 

possibly from bedded deposits. Ehl e~s and Blat t (1982) note 

th c:.- t ":/ p i c: .::1 I. '-issociation of 

s .::1 n d .::: t or·: c: '--.: . 11·1 c· I. .:::1 n q ·~:· s , «'1 n d c.1 P h i o I. i t t:· s • Thev Po st ul. a 1e these 

C h E• t t S fi'1 U S t h d \.<E1 f o r in 1::· cl j n .::1 in a 

i t:~c: ton i c:-:i l l. '/ act i ._..,:_. r .:::·ci ion. T h i s rn o d E:· I c' f cl e p o :::.-· i t 1 o n f i t s 

~.Jc-.· I I. i n t 1· 1 e t r.· c t on i c: ii": o d F· I. c:i f s u n d ll c: i: 1 o 1 ..... 

Low pe rce ntages of qua rt ~ ci i .. a i n s .::i i .. e 

cl l1 (7.• t Ci i: n P cl i ~~· t .~1 n c: E• fl .. Ci(ll pott:•ntial. 

l:l u. .::-i r t z 1 s· c o ii'1 ff: on I. '/ cl i::, 1.. i ·v t:· d f roM the weatherinci of 

co :'1 t i n <:.·:· n t .::1 I. I. o v.J v a l. 1.:. i::~ ri'1 a y incl i c.::1iP 

to 

Cr r:_:. i <:1c.1:.:·o11s. 

<:·ire subduction .. T h •:7 \/ F: F s a n cl p !. .~1 q i o c: : . .::i s c::: f E• I. d s P <:'! r s i n cl i c :1 l •:" 

cl t:.: r· 1 \' ~' t i c:i : : f r c • ii': v o I c: d r: i c s ei u i .. c. E~ s . The rel ative freshn2ss of 

t!1·-:.· · 1 r::.·lcisr·~1·i--:;· Sl!"!'.1(:-.·.:'l.i- r·ap1cl ur»I if·l <:1nci clr;:.r··~J···,·1 inn. 



·t 0• c t 0 n I c -3 I. I.°;' c: CJ n ·t r (J I. I. E· d ' : n th i E h u fi'I I d p E: I. t.• 0 E" n \1 i '( D n lt 0

I ;:. n t ,. 



1HERMAL ANALYSIS 

rJ E (1 J [ L, Ct~! 

The heat fl.ow of a reqion 1s an iMPortant paraMeter 

1 n t t:> c t o n i c i n t t." r· p r- i::~ t a t i o n . b o t h 1 n t t·:· r l!i s· c f b a ::.;· i n t v p f' a n cl 

t i.ow values occur over spread1nq centers. v o I. c .::i n i c i.. i cl q t-:· s· . 

,:1 n d Ci t h 1::'· ·:.. E· >' t r::.· n s i on .::: I. ,::; r· €" a s o f t e c t o n i c <:i c i: i v i t y t h a n t h o s e 

t h e 1- e 1 s no h o t 11·: a n t I. e :11 a t e r i <-1 I. 1- i s i n CJ • A 

back .;:ire bas i n c.::in bE· su.·::h .:_1n r.·;\tr:.:·n.::-ion.JI. sc:-:·ttino:i (i..JqE:"d.::i and 

I< .::i n .:_1 ii'1 o ·r i " ,.;i n ci i s q e n i::~ r· .3 I l v E~ x p e c t E~ cl 1: o b >:::> t h E" r rn .:i I. I. v 

(Aadland and Phoa. 

He <1 t "!' I o ~·J c: .::1 n b f." r i:.~ I. <'1 ·1 . .:·:· d t o t h E.• ci E:· o t h e.· r r11.:::1 I. q r .::1 cl i t::· n i' 

.c1 _-· i n cl i c: .,:1 t E~ cl b ~,.. t h e c: I. a s s i c F. o u 1.. i t> r I: E·:· a t f I. o ~' E·" ·:1 '..l a t i on 1 n 

one di ii'1•::.·ns 1 on: 

cl T/cl Z (JJ.~· 

. . i ' I ~1 I 0 .... 
t\J n "-'' r c-:~ I< 1 '7 d c. on s ·l ::in ·t of ·t he 'i'" 111 a I. con cl 1.1 c ·l 1 v 1 . v . ~ c: .::1 . c 111 .::: t-! c 1_; } • 



T 1 ~; t r:.~ 111 P C' r .·,1 ·t. u r E,· ( ° C ) . ,::i n d Z i s cl F:· ~ · ·1. h ( ii:':.:· t 0.· :- .::· > ( T u :-- c o t ·1 €'! ~: n cl 

Sch ubpr· t. F' e t i" o J a n1 a i c a h a s P r· o ·/ i c! t. :· d .::i c c >::~ s s l c· w F" I l 

CJ ·:- a cl i e n t o f 2 • 4 1 ° C / 1 0 0 ii'1 • U s i n q t h i:::· F o u ·r i E~ ·r h e :'1 t f I o 1,1..1 

eq ua1ion , this transl a tes into Q=0.96HFU, assuminq an 

E" s t i iii c1 t e D f I< - t·.-) <:" ;,; :-.1 b -·. 
l. ,J. -> t . L l... f ()j"" these sedimentarv 

This estiwated conductiviiY was determined fr·orn 

notinq that c1 n a .._,. E·.· ·i" .::-1 ci t:'· _·;· I•. ,,, I. t:> 11 :.:-c "J "' •:;,: · ~ ,,,~ 3 ,-· _., I ,-· 1-:- 1 ~- -, -7 ' 
0 L-, r J'..~ -, .... 1 .. , · - -- - ' d • _, -· I ,. . .. ·:1 . -· II _ t . l . , , •. t. I '/ 

N0. from i000ft to 5240·f1) and averaqe s a ndstone K=4.7 · 1q3 

.::-: s c: o 111 P i L E~ cl b v C L a r· k ( 1 '/Ci t.i ) . 

a n cl a s s u 1Y1 i n q a n c· ·:1 u a L d i s t r i b u t i on o f s a n cl ~:: t on c· s a n d sh a I. E• s 

in the section. Th i s I< v a L u e i s p 1- ob a b L v ~:i CJ o o d t-:· s t i iii a t e i n 

that ii: i E C: I. Ci S 13.• t Ci i: he 4 · i (}:3 C: .:i I. C f1 ·: -\ SF: c: 1 °C d F: t e ':" ii'I i n €·:• d f Ci\" 

::-, i:" .~1 i 1··1 f' n t I. .:::1 '/er· s c .._,.er· L Y i n CJ o c: c:· a n i c c: , .. us t in a well. bor2 bv 

l< 1 nq and Si rnr1 :ons ancl ..=:11.so ":i iE·l.ds· a hc·:·<:1i flow (0,'7'6 

HFLJ) very close to that of a nearby offshore heat tlow value 

( 1 _, 'i El H F~ U > determin ed a1 80.32 °W, i 8 ,, 3~:~
0 

1''1 ..::·:ncl Y'E•P Cii" ·t ·:~d In 

Jf_:·ssoP et a L. 

In co:'1 1P .::1ric~c:i n ~<Jith hE•i:Jt flow v..=:1LuFs , .. eportt-:·cl bv [pp 

f.:>t al.. (i'7'70). i:ht:~ St. 

r.-1 n n ' .:.. B .::1 s i n i E ·r EC· I. <:1 ·t i v <::.· I. y c: o o I. t o cl <:1 v • F o ·r e x ..':i fi'1 P I. c· . a hEat 

fl.D IAi Of , ' 1 • <.) HF~U 1,1.1 .::i s Db t .::1 i i"ll'.-'C! ; n a s h .::i I I. en~· P a ,.. 1 o 1' t h E, C a ~,. i11 -::: n 

f I cHv s of 

'1 • 2 to i . ~; HFU. .::l n cl t h e Y u c: .:: t .::-1 n B .::-1 E' i n h a cl '" \ ' t:' r· .::i CJ E, v .:1 I u t-:· :::;· 

'i .,3 HFLJ i:D i .t~ HF~U. T h c~ C: a v ff: ::: n r:: i cl q c i s <.~ Yo \J q r:· ·r 

1 t:·· c: t on i c b .0 s· i n .::-1 n cl iii a \· tJJ e I. l b t:~ e x p c-· c: ~. <.:· d t D h .:?, \/ C; .::I h j Cl h C~ i" 

i 4 (-) 



hol~1evt-'r, 

t h E· J u r· <.1 s s i c <:'1 s .::: )- c; s 1.1 I. t o f s P 1 .. E· a d i n -:i ( U c h u P 1 , 1 9 7 ~.: ; c::: n d y s:· ·1• 

thi s basin s 1 1 L~ retains a hiqher heat flow. 

YlISJNlIE REFLECIONCE 

The viirinite reflectance of sedimentarv orqan1 c 

is ,:1 c c:i i1l i1l o n L y used i n d i c: a t o 1 .. D f h Y ci .,.. 0 ·~· .:':l l" b D n 

i11.::itu.r.:.:i·1. 1or: by th<:=.' industr·.,., and rc·prr::.·s•-:::nt.::- a kin<:·:·:·'!' ic: i1lt-:·asu1 .. r:.~ 

11·1.:,1 :.:· 1 r11 u i1i t t::· i11 p e ., .. ,.:i t u. r· e th.:?et orq,:in1c i1l a t t E~ l" h a s 

Cons E· ·:1 lJ. E• n t I. y , i t fl'! a y b E· u s i:=.· d t o i" e c: Ci r d t h e 

rnaxiMu.~ temperature t h .:: t sf.:' d i :1: t::· n t s h .:::~ \' e i? x p ·~,· r· i t:·' n c t:~ d . "j hP 

p r Ci c: (::,• cl U. r E· t 0 b E• u s c d i s t h i::·.• s h E• I. I. CJ I I. c 0 ff! I> a n >' fl1 E t !": 0 cl Ci f H 0 0 c! 

l;J h 1 c: h i n c: o 1 .. p o r a t E~ s b o t h F: o ( v i t 1.. i n i t e 

(i979) discuss 

p 0 5 s i I') I. t~ s Cl l.l r· c: E~ s D f f~ )" r () '( i n ;./ () I. v ("cl j n u s i r: q F\ Cl ~I h i c: h i n c I u c! t'· 

sediment reworkinq, o>~ icl;:1t ion. in host 

I. i Hw l.cnv. For tht-'se St. Ann deerwater mudc!v fan deposits. 

t 1·1 ;; .... s r:::· c:· ff•?:! c ts .:::: r E:· pi" C) b <:1 b I y of 111 i nor var· i d t i on .:::: n cl 1 n f I u P n c C! ·' 

i n a v i t r· i n 1 t e r i:::· f I. <.~ c 1 -::: n c: t' s 1 u cl v C1 f 

t h E· ~J i n d ~:: o ·"' s h .:;i I i:: .. s i n D u. t c: ·!" o P , °I" D ll n c! t h C:• lJ I n d S C! '!" t Ci h .::1 ·. ' C:• Ci n 

averaqe value of 0.65%. He:.· 

c o D L t h e r i1l ::: !. h i s t or v , 

) l<'i 



F· r· o;.; 1 11"1 ::1 I. 10 i h f- ci u t c r o P s E< i· 1 en: "' : t.: v i t r· i P 1 t e 

1 .. ;:_.• f I. t-· c ·{ .:.-i n c F.• rj a t <:1 fr o ii"1 t h ;:_,, t..J i n cl s Li r ~:: '1 • Tht:· F-:c; .:1s .:1 function 

of clr·pth is s hov..1r1 1n Fiqui-e 43, 

Let us usi::~ the 0.65% Ro and Make the 

the Methods of Hood et al. 

1.1ncer· ta i ntv for t..J i ndseir clr:.:•PCis it ion i n a cl i a c t=· n t o \J. t c: 1 .. Ci P i '~ 

Late Con i .?.c: i an to Late Santoni an 

Ci I. cl ·' th i2 Level. of Orqanic 

Matur·ation (LOM) of 9 (see FiCI. -44) . t.i.1;;_:. obi-:: in L.ts·inci Ficiu·!"e 

4~> a lii'1-:1x for f.ltli11\/ of 72-fJ C., These vitrinite reflertance 

f i n d i n q s t h e ,-·, a L so s Lt Cl Cl es t -:i c: o o I t h er ii'1 .::i I h i s· t o .,.. Y f D 1.. t h t:~ 

O i: 1 ii'1 p or t :i n c: e t o J .::1 :i: <:i i c: a ' s h \· cl 1 .. o c: a r b on e x P I. o ~ .. t i or' . 

for· t h r::.· a ci r:.·:· o f tl e if: y , t h r:;· r-:: o o f 0 • 6 ~> ;.;, or L Ci M o 1.. '! i:1 I. ~: o P I a c. E· ~:· 

t h e s \'.~ s t.: d i ff1 E' n t s 1~1 i t h i n t h t:~ o i I. Cl •o:· n e 1 .. -:1 t i o n u.1 i n cl o w c f H o C) cl i:::- t 

(, t I 0: a E t i n t P r rn s o f o 1 .. q d n i c: ii'1 a t u -r ;;·, ·t i on . t h i s 

thei"Mal. history then is favorabl.e to hvdrocarbon rn atura tion. 

d r a t !"i ~~· r u n u s u ,,1 I t-:• v P n t f CJ r t v p i c .::: I. f o r F· - · a 1 .. c: b <:i s 1 n s ~..i o r I. d w i cl e 

(F'1.:iott. i9f)4). 

<i i). '°:I 
f '"'· 



versus vitrinite r·efl.ectanc·e va lues 
oh~erved bv PetroJaMaica in the Windsor ~i. 

14 ~ 





F i q u r- t.·:· 4 4 A V i t r· i n i t t.· f E~ f I. t:~ c: '< E1 n c: e v -:1 L ll E· s f 1 .. o r1·: F·' t:·:· t r· c.1 ~.I 21111.:i 1 c: .:) 
.:;, n cl t h E· c CJ r· r· E:! s p r:i n cl i n q I. E· v P I. o f D 1- q a n i c: ii"1.::: ·t u r .::: t i c; n ( L. Ci i'·i ) • 





FiCJurt:; 4~~). 

observi::-:d L.Dr·i 
T h e r1·: .J x i r1: u fi"1 t t:' ii"1 P t:~ i ... ::i t u : .. e c: or· ·r- es P ei n cl i n q 

values for ·the Windsor sediment~. 

to the 





TECTDNJC SYNTHESI S ANP CC1h:LL.LJSJOt'-1S 

The Windsor Format ion 

dePosi ti on of t er· riq enous sediments into .OJ tectonic basin 

s t i I. I. i n 'I' h E· P r· o c E· s s o f f o i .. rn <:1 t i o n o n t h F.'' n o ·:" t h £" ·,· n c o a s t o f 

Jafi'ldJC.:?. . P1l.thouqh i 1: is general.Lv accepted Jamaica was 

for ff1 r::! cl <:i ~~ a r 1 i s i. a n d .::i r c fr o 11·: ,;:- u b cl u c t i on a t t h i s t i fJ'1 e , L i t i: I. E· 

1s known about the specific mechan isms of this subduction. 

U u. t c. ·:" o P a n d c: o r c..· s t u d ":I 1" E· ".." i:." ~:i I. a s P 1.. i e s o f -:1 I. t e r n .::1 t i n q 

s.::1ndstones·. s·i l.t.s·ton;:;:·s, 

o c: c <:1 .::.· i o n ·"" I. i. i i11e.::: ton(~.'.". c:o!'.b I r:.•··s i 1.ecl 

conqLomer·2t2 beds represent pulses of verv coarse material 

into a b<:1sin ... often tens of rneters thick, 

represent deep basinal conditions. 

U E: i n q a d r: !'." u s i t i D n .:i I. s v s t ·~:· ii'1 s a P P r o a c: h . t h E· Lv i n cl s o )" 

interp reted from outcrop data as a subrnar1ne 

f a n c. h <:: n n t.~ I. ~7 ~'! i t h .::1 C r· 0 i· .::i c. t::· c; u s P <:l L c:· o c: u r· i .. E· n t cl i ., .. E~ c t i D n t o t h £" 

NCJr tht::·as·t. fr· o 111 t h e 

~' r P s e n c: E· o f ii': .::i r 1 n r:::· ·f <:1 1.1 n .::i , I a c k o f f 1 .. E· s h ~\) .::i ·1 E· r 'f a u n <:1 , c h a n n P I. 

q e o :'il t:~ t r 1 es , s u b if1 a \" i n e fan f .:':\CI 25, a r1 cl 

qravii.::itional transport features. 

CD r,-, p o s 1 t i on a I. I. v . i. he W i ncls·or· For·111 ~1 i. i o r: i -~· cc.ii11i:or 1 sed 

i L~ '/ 



P >: : L u .:;· i v <:' L v o f a i .. koses. I i th I c feldsp0tl : 1c 

I i t h a r· c· n 1 t t:O s , and I itharr::.·nii:1=.-s. T t 1 e 1 .. o c k s a r e E:' s P e c i ;;1 I. I. ':l 

r· i ch 1n rlaqioclase ana volcanic rock fraqff1t::.nts. 

siqnificant abundano::r:: .. s of thE· pal.'-lioc:l.JsE•s (often zonc .. c!) .::incl 

\/F~F s i n d i c: .,:: t t:_., d >::·~ 'i" i v .:i t i o n fr· o 111 pr t:_., cl o 1!'1 i n ;;1 n t e L v v o I. c: an i c 

SCil.l'i"C:C:::•S ... 

consi dering their potential weatherinq 1n a tropical surface 

Pal.eoenvironMent. T h ;:_.,. s t.·:· u n .::1 I. t E· r· e d f e I d s p <-'1 1 .. s . COUPied wiih 

i n cl i c. :1 t t-' 1 ... :1 p i c! 

u. p I i f 'I: .:,1 n cl d c:· P D s i t i D n fr o ri'1 \.' o I. c .::1 n i c so u r c e s . Sr::. r P f.! n t 1 n ;;:_. , 

c h t::· 1 .. t , .::1 n cl 11'1 _,1 r i n t-:· 1" o s s i I. s· ,:: r e o t h F· ·:- i r1i P o i" t .:1 n t c: on s t i t u E~ n t s • 

Ct:.·rnt.:.nt tvpt:.·~-; found 1 n tht::• Li.Ji nclsor i i"IC: J. Ud(~5 i.O\J..I l'iq 

<:: I. b i t e , cl.:1';.'S. <:: n d P h y I. l. o s i I i c .:i t e s . 

c >:.:_. r;·: c:· n t s· tr·.::: t i qr a p h Y . th E:· (! ;;,:. P t Ii o f b u. r 1 a I. o 'f' the s· i::: .• cl i r11 >-C·:· n ts i ~;· 

inferred to be apProximatel.y 3000 to 4000ft (900 to 1200rn). 

tht:0 se clc·"P ths c:.:1n on l v be us·t:·cl as approx i rn.::i '\';;.,; 

An anal.vsis of the present qeothermal qradient and 

vitrinite refl.ectance val.ues from the Windsor ~i w;:_:_. I. I. 

c:ontr i butt:· i r1i P o 1 .. i .::i n t information conc:ern1nq th E~ th t-:· r in~: L 

hic~'l'or·..,, of thr::: b-::isinA T h E• p )" E· s t:·:· n t -- d a y c El I. C' ll I a t E· cl h E~ <.i t f I Ci ~\) 

C: o 111 p .::1 1 .. •c" cl IA' i t h t h e p r es E~ n t ·-·cl .:1 v 11 E:· :1 t f I. o t~· .s· o f 

i . :;'. i.· o 1 • f' H r-~ U ( r~ f.' r· e t a L • 

I ri V! ' 

1'/70), 

i50 

and t h E• y ll c ci ·t ::l n r. :1 E i n I .~:: 

(1nn'E B.0 sin is 



;· l () W rj ~) ·\ :~ i fl"I P l. i E.• 5 t h [• S t . 

have bee~ a fore-arc: hasin. the St. 

i n d •? e cl .:1 f D r· r:.:• --· a r c b .::i s 1 n , subduction i,.101.11.d h.::1ve bt-oc·n to tht:-:· 

south or southwest. Since the he a t fl.ow data al.one m2v not 

bf: cone: l. us i \'E", other data rnust al.so be exarnined. L\.r 1 dr.·nc.e 

i n cl i c: a t i n q c: o n v t:~ r· (f t::· n c e a n cl :=:; o Lt t h tiJ a 1 .. cl s u l' cl u c t i o n b i:::· n t-:· .::1 t h .J 

fore-arc basin includes: 

i . Sedimentoloqic Constituents : Fresh volcanic rock 

fraqMents and Plaqiocl.ases. the predoMinant constituents. 

are indicative of vol.canic hiqhl.ands. chert, 

.:ind deep tiJ::1ter inclic:.::1tivi::, of or.hiol it;;.~ 

T h r.· s e s a n cl s t c:i :""; c:· c: o ii": r.:- D s i t i o r 1 s a r <:::· t Y P i c: <:1 I. l v f o u n cl 

in isl.and arc: environment~ ([al.Low3y, i974J. 

F'E1 l.PDC ur· ·i""E·nt Di r·1:.?c ti Dn.<::: In a converqent rnarqin svstem. 

the clc-~ep st:~.::1 f .:i ns shedclin~ volcanic s and 

ii"1 a t E· ·r i a I. E q E- n 0"! r· a I. l. v 1 .. a d i a t r:::· a ~v a y fr· Ci ii"1 t h E· E· 1i": r:_:. r q en "I" v o I. c a n i c 

arc into the trench. -r h e r· e f o 1 .. e , t h E~ p a l i:::· o c: u r· 1 .. e n t cl 1 r E~ c: t i o n 

of transport 1~ expected to be toward the trench. The:.'! S·t, 

A n n ' s· B .::1 s i n h a s .::1 p r t-' cl o rn 1 n a n t p -=I l t::· o c u 1 .. r f' n t cl i ·i"" e c t i o n t o t h E~ 

nor t t·1 E· .::1 .::- t , I. Ci c: .::i ·[ i n q the 'Jo I. c <:l n i c sou. r· c E· to th E· ;: out t1 west . 

r' d I l"' E~ d ME~ t a 11"1 () r· p h i c B t:' I. 1. : The existence oi a Paired 

r11P "I" <:1 ri"1or· p ti i c: b t-! I. i. with con1rastinq hiqh and 

i11et.:.~111c.,rph 1 c f.::1c it:'~; inclic:.::1tes .:1 s· u. 1:iduc t1on i:ont:.· clippinq tc 

i :> 'i 



Th'.·· :· ·~·, ... th ~<J ;:::· .:; i ( D ., .. a r.· er ·::· ·1 <:l I.., i 9 7 (, :' . 

4 • F' <:' l PD:·;·, a q n e i i c Li :1 i. a : ho"/f·l1"ent rYrt:.·::isu.r.:-:·c! f""01;'1 Pd l.i::::.off::::.::nc·i. 1 c 

d.::r·I.;,;: (r·l.:ic:Von:.:il.d <:ind CJpd·;'kP , 197:..:::i indiC.<:i'l.'::.·s Ja:r:.:::ic:a 111i.:i·ratc-:·cl 

t Cl t h e nor t h ·r •.::" L 2 t i v t.:· t D t h t:.· ND·: .. t h tr rn er i c .=1 n P L .::: t e cl u. 1- i n q t h e 

c Ci n s i s t c n t ~·J i t h t h c· c: on s u f': r- ·t i CJ n c:i f o c: c· .::: n f I. D n ., .. 

Csu.bdu.c:i. i on'l bei:v..rpen. 

F·r-oir: 'i:hf:: .::1bo\1 E· CC•\' i dr=.·nc:F·, th·-::.· St. r.~1nn' s B.::,5 in c.:-rn bt'-'St 

be model.ed as a fore-arc basin CFiq. 46). A pa LPosu.bc! LlC: ti Dn 

z one d i P P i n ·~1 t o t h (::. s o u t h wt-.· s t b r, n ,.,, . .:~ t h ._J a 11: J i c: "' ' s P r F• E c:· n t 

location formed tne volcanics. As the vol.canoes emerqed and 

debris was shed rapicil.y off the hiqhl.ands, 

ciDl.Vn .::1 s i r't'r i I. <::r to the present-dav 

T h i s cl .,:.· ti .,. i s ~,) .::: ~:- t r, ~:-.· 

s· o u : .. c: c:. f o ·,.- t h •::" \/ f~ F s· .::i n cl p I. ,3 q i o c: I. a s e s • As uplift waned and 

t h E· s E· cl i ir'I en t -:':I t i D n ., .. Er ·t E· s ll b s j d E· cl ' ihe resul.tinq deep b~7in al. 

c: o n cl i t i o n s· L c~ d t o t h E~ cl P p o s i t i o n o f t h i c: k s h .:i I. E~ s .z) ·~ u e n c E~ s • 

In this studv a correl.ation betwee ~ Eed i rne·n t 

cor11pos it i c.,n.::i L typc:·s ancl 1:E!C: ton i c:s was cli"cit~rr r. ·r he 1.~1 i ndso·,-

r:· o i" rn .::i t i on i s l" E·:· p r !:.'.' s e n t a t i ...,,. E· o f i E I <': n cl a 1 .. c s e cl i it:•"~' n l ;,1 'l i CJ n i n 

t h e C a r i b I: C·· ~1 n • The sediMent comnositional tvpes rreseni 

here rnay serve as a quide for 

isl.-:inc! 

WCif lc!~<J I di:·" 

.::1 r· c: st" cl : rn .z.~ n t "' 1 .. ,,... 

l i:;: ·-:! _, .:.. 

t~rE· rc·co.::in it ion of s i lt'r I l..:1r 

1n other a·,·· e<:1 s 



ti::.·c:tonic muciF.·I. 
s u b d u c: t i on b 1:::· n r:.:· .::1 t h nor· t h ,:-:_. r n J a rn .::: i c a • .J .::i if1 .::·: i c ::: 1 ,.. -t h E· i s I .:i n d 

ar·c 1n the southwest abd tqe Windsor sedim0nr~ we -e 
deposited 1n the St. Ann's fore-arc basin. 







t: .J d L .,·;, n cl . f:: , J . . .::i n cl F~ '· S , !< '· F' h o ::i • i S' t:: i . C t.:· c1 i. h t' r ii":.:-=: l. Gr- .:1 cl i t.· n 1 
M .:-i P o f l n d on E'· s i .~: , J n cl ., F' c0 t ·,- .· r.'1 s ~' o c ., , 4 :~ P ., 

A 1 .. cl t:·~ n . D • D • . '! 9 7 4 . G f.." c L o ·~! v o f J a ff: a i c: .:: ,;-i n cl t h t.? N i c a \ .. a ci u -::i 
F: 1 E ·~· . i n (.~ , L , N .::i i r n .:1 n d F .. , C • S t ;;:.· h I i . i 9 7 ~> , e d s • . TI ·1 c::.' 
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Appendix I 
Outcrop Stratigraphy 



The outcrops of the Wi nds or def i ne tw o Limbs 
of an anticline . Therefore, t h e two s tr at i qr aph ; c 
s e c i" i o n s 1 .. t::· p 1- es en t t h f! t liJ o L i f1i b s o f t h E· a n t i c L i n e , 
and thus two different places in the basin. The 
southernmost limb, represented b y samples W-11 to 
~J- 2 4 i s a rn or r=1 c o rn p I. E· t 1:~ sec t i on . Th e no 1- t h er n I. i ffr b , 
represented by W-10 to W-1 is cut bv a reverse fault 
and is not cornpl.ete. Divisions represent Srn 
intervals. Station numbers CW-12, etc.) refer to 
I. o c a t i o n s sh o 1;.m on F-.. i g lff E· 3 • 
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W-13-11J2 

W-13 1ll1 

W-12·2 i 

W-12-2g 

The next dep os i t i ona l 
unit is a 
t h i c k sh a I. e s e ·:1 1.1 t.:> n r: e 
with th inn Ly-- b·?d clt:0 ci . 
f i s s i l e , b I. u e - q r a y . 
non-resistant s hale. 
Cal.cite inf i I. Ls ·fl- ac--
t ur·es within the 
s h a I. e . t.J e I. I. --1- o u n d E· d 
cobble-sized cla s ts 
begin to appear in 
the upper part of 
the shal.e. The shale 
exhibits intense 
soft-sediment def or 
r11 a t i o n i n t h e up p e r -

w-12-2t2 111ost portion. 

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

w-12 ·2d 

W-12 ·2C 

w-12 - ia 
w-11-1ci 
W-lt-lcl 

w-12-1c 
W-11-li 

w-12-1a 

Deposition be gin s 
w i t h a s e 1- i es o f 
alternating sandstones 
and shal.es. Both the 
shal.es and the sand 
stones are fractured 
and inf i I. Led b Y 
calcite. The sa nd 
s tone s ar e br owni sh-tan. 
Several o f th e sand
stone bed s ex hibit 
c h a n n e L g e o 111 e 1T i e s . 
T h e c on '\: a c t s t; e t w E~ e !'1 

the bed s ar e s ha rp. 
The upp er par t of 
t h e s e ·l u •:::, n c e 11 .:.1 s a 
t h i c k L i 111 E· s t one :i s 
a rE~s i ::; t an t bei.1 . 

BASE OF MEASURED SECTION 
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W-14-1aJ 

W-14-1a2 

W-14-1a1 

W-13 -1dd 

W-13-ld 

W-13-1c3 
\V-13 -1c2 
w--13-1c1 

Three beds of con
glomerate deposition 
makes an abrupt con
tact on the shale. 
T h e c o n g l o r11 E~ r· a t e h a s 
rounded cobble-sized 
clasts. non-resis-
t a n t c I. a y ill a t r i x , a n d 
is poorly sorted. 
Interbedded with con
glomerate beds are 
thin beds of sand
stone and pebble con
glomerate. The sand
stones a1-e laminated, 
brownish-tan, and 
moderately sorted. 
The pebble conglomer
ate is poorlv sorted 
with a weathered clay 
matrix. These coarse 
sandstone and pebble 
c on q L o 111 er a t e b F.! d s h a v e 
gradational contacts 
with the unclerl.yinq 
cobbl.e-sized beds but 
a 1- e a b r u p t I. y t i- u n c a t e cl 
b y t h e o v e 1- L y i n ci c o lN L o -
111e1- ate. 
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W-18-lc 

W-17-2a 

W-17-lt, 

W-17-lb 

W-17-1a2 

W·17-1a1 

W-1&-2e 

W-1& 1b1 

W-14-1c1 

W-14 - 1c2 

A reoccu r r e r1ce of 
conql.oMerate bed s . 
forMs a ver y co a rse 
depositional. s e~uence. 
These congloMerates 
are poorly s orted 
and have cobble-sized 
rounded volcanic cl.asts. 
Interbedded with the 
conglomerates are 
alternating beds of 
sandstone and shale 
These sandstone bed s 
a r· e we L l s Oi- t e d , b r own -
i sh a n d h a v e p a i- a l l e l 
I. a ill i n a t i on s • Th e 
shales are thinnl. v
bedded and fissi Li::·. 

Series of alternatinq 
thinnl.y bedded sand 
stones and shal es . 
Th e sh a I. e s a r e b L u e -
gray and fractured 
with calcite infi I.ling 
the fractures. The 
sandstone s range from 
fine ·- to filed i ufll-
g 1· a i n e d • Th e s a n d -
s t ones ,.:n· e wt:~ a t h e i- e d 
to a brownish-gr ay 
color. The contact s 
between the sa ndston es 
and overl y in g s ha l es 
a 1- e s h a 1- p • 
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W-19-2g3 

W-19-2g2 

W-19 291 

W-19-la 

W-18 -1d 

Th i ck, non-i- es i s tan t 
shale deposition with 
calcite infi I.led 
fr a c t u 1 .. e s r u n n i n q 

t h l- o u g h o u t p r e cl o 111 i n a t c~ s 
deposition. The shale 
is fissle and weathers 
blue-gray. A thin, 
b l .. own , rn i c l- i t i c l i 11i e -
stone forMs a r esi s 
tant bed within the 
s h a L e • F u 1- t h e r u p i n 
the shale, MediuM
grained, browni s h- t a n 
sandstone beds with 
channel geoMetries 
f o l .. 111 l- e s i ~; t ~:i n t L a ye l- s . 
E v e n h i q h e i.. i n t h e 
section , the sa nd
stone beds bec oM e 
f i n e r - g l- a i n e d a n d 
thicker and without 
channel geometries. 
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w-22 - 1 b 

W-21-1c1 

W-2.1 -1b 

W ·20 -1h 

W -20-1f 

W - 20-1b 

w-20-1a 

Deposition fines as 
alternating sha l e. 
si Lt stone, 
qrainecl 

and fine-
s .o1ndston c 

cornpr· i se thE· re"'a i ncler 
of the section. The 
s h a I. e s a i- e b L 1.1 e -- q i- ,3 y 
non-resistant. and 
often have 
infi Lled 

calcite 
fr·actures . 

Th e f i n e - g ,- a i n e d 
sandstones are re s 
-t a n t , w e I. L s o ,- t E: d , 
and wea thE?red t Cl 

brownish-tan color. 
Occasional micritic 
Li"' estones occur as 

s·-· 

i- es i s t a n t b e cl s \~Ii t h j rl 

Seve1- .3 I. the sha Le. 
of t he s-ancl ·

have fe s-
r11 e cl i u. r11 

beds stone 
toon C l- 0 S 5 - 5 1T a t i 
fication. 
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W-24 -la 

380 m 

W-23-1b 

W-23-la 

370m 

W-22-le 

At the top of the 
shale rounded clasts 
begin to appea1-
Mar k i nq the beginninq 
of deposition of the 
Ca s c a d e Con q I. o ri'1 e ,- .:-1 t e . 
The Cascade is poorly 
sorted wi th cobble
sized clasts. Soft 
s e d i 111 en t d e f o ,- r11.:i t i o n 
of the directly under
lying shal.e occurs. 
The first Cascade bed 
ri1 a 1- k s t h e end o f 
Windsor de po s ition. 
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W-10 -1b2 
W-1Q-1b1 

W-10-1c1 

W-10-1d1 

w-10 ·2.a 

Over l yinci the ash 
f l.ow are al.ternatinq 
bed s of sa ndsto ne ,__1nd 
sha l. e wi th gL:i da t i on.:i I. 
co n tacts. D eforr~a-
t i ona L forces have 
p 1· o d u c e d r11 i n rn· f o I. cl i 1F1 • 
The sandstones have 
p l a n a i- l a fll i n ,__1 t o n _:, . a i- c? 
w e a t h e r e d t ,':ll'' , a n d h a '-' 0' 
exfo l iation weatherinq 
fe a tur·e s . 

A c l ay bed that was 
f o r me r l y an ash fl.o w 
uncon for ma b ly c uts 
acros s th e und e r 
lying units. Vo lcanic 
bombs are s een wi t h i n 
the be d . The as h i s 
totally a lt e r ed t o 
c I. a Y • 

Ser i es of 31.ternatinq 
s a ndsto ne s a nd sha l es 
coars e r a t th e top. 
The 5 .3nds t orws ar·e 
mod era t ely s or ted and 
weat he r ed to a bro wn
t a n col.or. Th e 
s ha les are b lue-qr ay . 
Th e con t acts between 
t he beds are s harp. 
Th e I. owe,- fll o s t s a n d -
s t o ne bed has planar 
I. a r11 i n -3 t i on s , b u t t h e 
ot hers a ppear to be 
massive. The upper
most beds are e xt re
me LY coarse-qrained 
san dstone and peb ble 
cong l o merate. The 
c Lasts in these beds 
a r e w e I. l r· o u n d e d , b u -1· 
poo rl y sorted. The 
cong l omerates have a 
W p .3 t h€),- E~ d C la'/ i1l -:l t 1- i '-: · 
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140nt 

W-7-1 aa 

w-1-2a1 

'W -7-2a2 

W-7-2a3 

W-8-1211 
w-e-1a2 

W-8·1b 

A non-· ,- e s i s t a n t . b L u e -
qray shale with thin 
f i n e - g i- a i n e d s a n d ~~; t o n t:.' 
beds distributed 
throughout forms the 
next sequence of 
deposition. These 
fine-grained brownish
tan sandstone beds are 
moderately sorted with 
no discernible sedimen
t a 1· y s t ,- u c t tu- e s • 

The next depositi onal. 
unit is a c:o bbbe-sized 
c o n q l o rn e 1· a t e d b e d ~"' i t h 
rounded clasts and an 
extrernely weathered 
clay matrix. The bed 
tines upward to a 
pebble conglomerate. 
At the bottom of the 
c on g l o rn e r a t e a ,- e 111 u d -
clasts. 

Th i s q ,- a d e s 
·1 u i c k L '/ t o a t h i c k . 
black, fissi Le shale, 
l- E~ d u c e d i n s c a L e t o 
represent 12 0m of 
s h a l e cl E? p o s i t i o n . I n 
t h e t1 p p e ,- r11 o s t r ,1 l- t 
af the !rh ":i le. cobb 1.R ·
s i z e d ,- a u n d e d c l a .= l s 
begin in appea1-. 
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. .: . : 

w- 7·1b 

W-7-1c1 

W-7-1c2 

W-7 1d 

W-7-1g1 
W-7-1-12 
W-7-1~ 

Th e f o l I. ow i n g cl e p o s i ·
ti on a L se~uence is a 
series of alternatinq 
sandstones and shales. 
The sandstones are 
browni sh-tan a nd 
thick. The s hale s 
are blue-gray and 
thinnly bedded. The 
uppermo st portion of 
the section consists 
of sandstones with 
planar laminations. 
W- 7-1cl clisplavs a 
distinct channel. 
geometry. The Lower 
part of the sect ion 
ha s gentle folclinq . 
This fol.dinq inten
sifies at the top of 
the section wh ere 
reverse fault clis
pl.acement occurs. 



Rev e r s e Fa ti I. t 
Note that W-4-1ff stratigraphically corresponds to 
1,.J-- 7 -- i h • 
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W-4-la2 

W-4-1a3 

w -4-11 

W-5-1b 

w-s-1 c 

Vf-5-3lJ 

W-5-3b 

W-6-2a1 

After the L1ult, a 
series of al.ternatino 
sandstones and shale s 
is encountered. Sinc e 
this is a reverse 
fault , these beds 
represent a repeat of 
the previous section. 
This corn~Lation is 

interpreted to rep re
sent a repeat of the 
section beqinning 
at W-7-1g1. These 
s a n d s t o n es a i- e 
weathered brownish
tan and have plan ar 
Laroinations and fes
toon cross-stratifi
cation. A few beds 
display channel 
g e o 111 e t i- i e s . Th e 
shales a re non-re~i s

tant and weathered 
blue-gray. At the tor 
of the sequence i s a 
r11 i c r i t i c I. i r11 e s t on•:? 
( 11l u d s t one ) b e d . T ll i s 
forM s a resi s tant be d 
within the non-resis 
tant sha Le • 
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w-i-2d2 

W-1-2t 

w-2-i c 

A cobble-sized con 
g I. o 1111:? 1- a t e w i t h 
1- o u n cl e d c l a s t s i n a 
weathered cla y Ma tri x 
cuts down into the 
sh a I. e , b e q i n n i n q t h e 
next se~uence of depo 
sit ion. Depo s i li o n 
fines upward sliqhtl. v 
as sandstone s , shales. 
a n d s i l t s t o n es f o r 111 

the rewainder of the 
sequence. The sand-

w 2 
L
2 

s t one s a 1- e b r ow n i s h -
- -h- tan. r·esistant. and 

we 3 t h e r e d ~IJ i t h 
W -2-1z2 f l · ~- · f t w _

2
_,a 1 e x o 1 a \ 1 on · ea u r· e 5 • 

w-2-1a1 

W-2-iz3 

w-2-114 

. 
W -2 -2al 

W-2 2b 

W 2 -11a 

A few of the sand s tone 
beds have fe s toon 
cross-stratification. 
The shales are non
resistant and qrJ y 
in color. Contact s 
between units are 
g1-ada ti ona l. 

Deposition continues 
s i <ll i I. a 1- t o t h e u n d e 1· -

lying units with 
a I. t er· n a t i n q s a n d s t CJ 1-i e .:; 
a n cl sh a I. e s . Th e s a n cl ·
stones are weather e d 
brownish-tan and are 
n:~si s tant beds 1,i.Ji lhi r1 
the non - resi s tant 
b l u e - q r a y s h a I. e • 
Contacts between the 
sand s tone s a nd s ha l.e s 
a 1- e q r a d a t i on -:-i I • A 
<11 i c r i t i c l i i11 e s t one 
( <11 u d s t o n e ) o c c u 1· s n P 3 1-

th e tOF' of th i S 

s e ·~ u e n c >! • 
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w-1-2a 

W-1-2b1 

w-1-2.: 

TOP OF MEASURED SECTION 



Appendix II 
Core Stratigraphy 

Location shown on Figure 3. 
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C-148 

Well sorted wediuw-
<:I n cl f i n e ·- g 1- a i n t:~ cl s a n d ·-

s t one b e d s a I. t e r· n a t i n q 

with thinnlv beclded 
sh a I. es 111 a 1- I< ,:,i n o v e 1- a I. I. 
fining of deposition. 
The contact bE·tween thP 
sandstones and sh .:3 les 
are wore qradational. 
than the previous 
deposition. Calcite 
v e i n s a r e r ,- es en t i n 
fractures in the shale. 

Deposition begins with 
alternating beds of 
shale and wediuw and 
very coarse-qrained 
sandstones. The 
shales are thinnl.y 
b e cl d e d w i t h p a ,- a l l e L 
LaMinations . The 
shales are gray - black 
and the sandstones are 
gray. The very-coarse 
grained sand s tone is 
poorly sorted and 
borders on beinq a 
pebble conqlowerate. 
Th e 1n e d i tlfl1- q ,- a i n e d 
sandstonPs are 
fairly 1.iJel.I. sorted. 
The contacts between 
the sandstones <:ind 

shales are abrupt, 
with the coarse--
gra i ned sandstones 
cutting down inl G 
the sha Le. 

-291 m BASE OF CORE 
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Deposition fine s 
5 l i g h t L y a 5 111 e d i urn ·-
and fine-grained s a nd 
stones and shal e s pre 
dominate. The cont a cts 
between these bed s are 
gradational. One 
c o a i- s e - g r ,_-:i i n e d s a n cl s t o n e 
bed fine s to r11ed i ltr11 -·· 
grained sandstone a nd 
then to alt e rnatinq 
shale, fine-grained 
sandstones and si Lt-
stones. The contact 
between the s i Lt s ton es 
a n d f i n e -- s1 i- a i n e d s a n cl -
stones is gr ada tion a l.. 
The shales are a ll 
thinnl.y bedded with 
p L a n a r L a r11 i n a t i o n s • 
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A poor Ly sor· ted , 
coarse-grained s and 
stone unit with angu
lar Mudclasts and 

i- o u n cl e d v o l c .a n i c 
c I. a s t s ill a r I< s t h e 
n e x t s e ·1 u e n c e o f 
deposition. It begins 
.a sequence of alter
nating thinnl.y bedded , 
laminated shales and 
sandstones. The sand -
stones range from 
coarse- to fine-
g r a i n e d a n d a 1- e 
qenerally moderatel. y 
sorted. Contacts 
between the shales 
and overlying sand
stones are usu a I. Ly 
ab 1- up t .. w i th the 
coarser beds down -
c u t ting into shale. 
Muclclas-ts are s een in 
t h e t w o L owe 1- 111 o s t 
coarse-grained sa nd 
stone bed s . 
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0
f , • f 

A L t e i- n a t i n g 

.:.Hid sha Les 
sand s ton es 

p r e cl o ri1 i n a t e 
foll.owing in the 

section. 
stones 
sorted 

Th es e s a ncl ·
r11 o d e r a t e L y 
tend to 

have 
with 

a b ,- up t c on t a c t 
the ove1- L '/ i ng 

shal.e. The 
a1- e 
and 

thinnl. y 
shal. es 
bedded 

a 1 .. e 
thick E~ r 

beco111 i ng 
bet1>Je e n th e 

sandstone b t> d s. 
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Ensuing deposition 
coarsens as a pebble 
c on g I. o 111 e r a t e c on t a i n i n q 

both angular mudclasts 
and rounded volcanic 
clasts. Alternating 
coarse- and medium-
g i- a i n e d , r110 d e ,- a t e l v 
sorted sandstone and 
shale beds foll.ow. 

T h e n e x t ..<re •1 tw n c:: G o f 
dE·Positlon consists of 
coarse-grained s .:.ind-· 
s t one f i n i n q t o ''' e d i u 111-· 

c1ra i ned sandstone. to 
fine-grained sandstone, 
and then to shale. 
A b 1- e a I< 1 n t h e s e c t i Cl n 
1 s r11 a d e a s t h e rn:? x t 
i 2 rn o f d e p o s i t i o n c: o n -
sis ts of alternatinq 
san dstones. si Lt stones. 
and shales identical 
to dE·rosition in the 
last i Or11. 
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At - 183M . very coarse
gra iried deposition 
ensues as a poorly 

con-sortE:~d pebbl.e 
g I. o 111 er a t e q l- ,3 d es i n t o 
a c o .::I ,- s e - ci l- a i n e d 
poorly sorted sands ton e 
to a MediuM-g rained . 
r11 o d el- a t e I. y so r t e d s a n d -
stone. 
section 
aqain. 
sever· a 

Next , the 
coar sens upw ard 
Th e s- e b e d s a r· e 
rnetPrs thick. 
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At - 156 r11 clepos it ion 
fines to alternating 
sitlstone and ~hale 
beds. The recovery of 
the core 111 this 
se~uence is very poor 
a s t h e sh a l e i s v el- y 
friable. The shales 
in this sequence are 
thinnl.y bedded. 

Deposition coarsens 
gradual.Ly and the next 
stage of deposition 
cos ists of a pebble 
conqloMerate qracla 
tionally fininq to 
sh ~:i l e , t h e n c o a l .. s e n i lN 

and finally tining 
upward aqain . The 
coarse-qrained sand
stones are poor LY 
s o r i: E-? d , b u t t h e f i n e l
s ands tones are Moder
ate LY well sorted. 



150 rn 

----------------

An abrupt contact 
between overlyinq 
coarse-qrained sand
s ·to ne and s ha le Mark s 
the resuMption of 
coarse-grained depo
sition. This coarse
qrained sandstone 
qracles into a pt:~bb Le 
congloMerate and then 
alternates coarse
grained sandstone and 
pebble congloMerate. 
Overlying deposition 
consists of alternatin q 
coarse-grained sand
stones , pebble con
gloMerate, and thick 
shale units. The shal e 
in this se~uence was 
unconsolidated and 
core recovery was poo r. 
The coarse-grained 
sandstones are poorl y 
s 01- t e d .. b u t a s t h e 
sandstones becoMe finer 
t h e so 1- t i n g i s b e t t t:~ 1 ... 

C-65 
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Deposition of coarse, 
cobble-sized, poorl y 
sorted conql.omerate 
with rounded vol
canic cl.asts a nd a 
c l a y r11 a t r i x p i- e -
d o rn i n a t e s • Be t we e n 
these thick conglo
merate beds are sand
stone and shales. 
Th e up p er 111 o s t c o n -
glomerate contains 
111 u d c I. a s t s , p o s s i b I. y 

derived from the under
lying shale. The 
contacts between the 
congloMerates and the 
underlying beds are 
genera 1.1.y sharp but 
may be gradational 
at the upper cont .J ct. 
Calcite veins run 
thi-ouqhout the 
sequence inf i l l i ng 
cracks in the shale 
and sandstone beds. 

Overlying the s hale . 
a ve1-y thick, coarse
grained sandstone 
grades into a cobb l.e -
s i z e d c on g I. o r11 e r .:::1 t e . 
The conql.omerate c on 
sists of both volcanic 
clasts and mudcla sts. 
The mudclasts are 
anqu Lai-, wht:·rea s the 
volcanic clasts are 
rounded. Overl.yinq 
is a thinnL Y bedded 
shal.e with Little 
1- e c o v e 1- y • 



---- ---- -------

1~tsm~~7~<~0~1~t~tf ~7.~~~::: 
·:.::. ··.·.·:·.:· .. ·. ··.· .. ·.·.··· ·.· .. ·.·.·;.·. ·.· .. ·.·.· .. ·.··.·.·.·.··:···.·.·:·:·:::-··.·.·. 

I ; : : ; •., • •, ••.• ·, •• ·.::;.: : ·,: • ~ : •• • : • • •• : • •• •• •• .· ; •; ,· , 

i
. . . . . . . . ' .............. ....... . . 
·. · ... · .. :: : ':'::: : · .. :,·:: .·::. · .. ·. ·. '::: .· .. :': 
. · .. : : . : . : ... ·. · .. ·. ·.::.:::. ~:. ~ ·. ·.·::: .· ::· 

0 ' . o I ft I I t I too.· t t 0: f t f lt t f; 't I. t t 

la· c:::Jo .•- ·o .· ~ . , o o · · O · C) ' O · o"'~ 
o ·· .; o ~l> ·.o·a· a~· ·o· ·o o . ".0 ·.·a·c/ . 
? o ·\)1'09.n .. oo":J. .• 9~ l\Q·';;?:o·o.c::i'.c8 '- . 
~·U ~~ )-..) . o .'-....) r~ ·O· . · o·• "-

~
·'--J '. 0 • ' . • ~' · • () 0 . • o·O <>' ' ' .'-' '.• .o ··cs -~ ·0 ·c:; .r 
'- o " c::i ~ ..;:' :0:~ . .-. \) 0 '.<:i". ·~ ".o.~~· ... ,.;.~0. ·a · a 
o .·o • .o. · • · . · . ·o · ' o · o "' o CJ -........ o.-u o\.J. . . 

. ~°Q·6r:>O · -.·o'9:,0o ._o_;, ·c, : ~.o ·:·o"Ci ·o·o .:. cg .. ~ 

.'-J .~<::l <t00<?:6";,S>(S . ·o . . ·c;q; ·c·/.C'5 <?. 
: .. . : . : : : . : : : .... ·:-: . ·: : : : >:: .. ::. > .. . 

' ··:· · .· ·.:.·.:.- ::· .··: .:: ·::.-_:.-·.:: ... 

C- 36 





: . : : . : : ·.:: ·~ ·.' ... ~ .. ··: · .. · .... ·. .. . . . . . . . . .. ·. ~ : : .... .. .. . 
. . . . . . . . .. .. · .. : .. ·. ·.: .... ·• ":: ....... : : : : : . : : . : : : ... . 

...... · :-~ :.'·.'-':. : .· ....... : ::::: : : .:: ::· ::·:::::: .. ·.: · ... · ... . 

·.:,.<· ···.··••••••·\.c·r:yp?U· 

The fi nal se~uence of 
deposit i on c onsists 

o f Mediuro- and f 1ne
g r a i ned , we L L s01- t ed , 

and subrounded san
stones. In several 
places on the core 
no analysis was 
possible for several 
feet due to no 
r e c o v e ,-y • Th es e 
areas are repre-
s en t e d on t h e c o l urn n 

by the b l ank po r
tions. These 1n
te1- v a Ls p 1- abab LY 
represent shale bed s 
which were too uncon
solidated ta recove r . 
The sandstone beds 

were well consol idated. 
A micritic limestone , 
tan in color and con
taining fossils , 
occurs at about -76m. 
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TOP OF CORE 
!Note : Upper portion not 

recovered! 



Appendix III 
Thin Section Descriptions 



Sample Miner a loq y 
N u 111 b e i- .:3 n d F' i:::· t r· o I. o q i c 

Description 

W-i-2a 

~J --- ·1 -- :~ b i 

5 i % f e I. cl s p a i- .. 

i 7% VFR, i 7% 
cla>', 91.'. MRF, 
3 ;~ o p a ·~ u e s , 
3/. poi-os i ty. 
trace SRF (chert); 
c l a y ni a t 1- i x .. 
VF: F s a 1- e P L a q i o -
clase with a clay 
g 1- o ll. n d rn a s s , f e l cl -
spars are altered 
to cal.cite, MF:Fs 
a 1- .:-.:· 5 e 1 .. p i:~ n t i n e s 
An12 and An18 (or 
trn24 and rin28). 

5 9 % f E· l d s p .~·, ,- ' 4 ;.~ 

VRF, 2% SRFCchert), 
24% clay, 9% MRF, 
27~ OP-:':l•lUE-~5 .; feld
spars are altered 
to ca le it•? (85/.), 
clay is both 
11i a t 1.. i x a n cl q r ~~ i n 

a I. t r:• ·r <:i t i on 

W-1-2b2 5% quartz. 33% 
feldspar (20% plag
i o c l a s e .. i 3 ~~ o i- t h o ·-
c l a s E1 ) , ~:) i] ~·~ \I F\ f-~ , 9 ;-~ 
M Fff .. 1 /~ S f~ F ( c h e r· t ) , 
7% clay, 3% opaques, 

2% ca l c i t e.. 2;~ ..:,1 i b b
s it e; fr:.~ldspar is 
b o t h c t.~ lt'1 e n t .,_1 n d 
grains, clay forrns 
grain coat, VRFs are 
al.tered to clay and 
g i b b s i t e , M f( F 5 .,_·H e 
ser· p~~nt i ne 

N-:i rt'1t::· A \' r:::• ·1- .3 q E· 

G·1- a i n 

L i t h i c 0 • 3 i ff1 rn 
a 1- en i t e r11ed i ur11 

s .:1ncl
stone 

arkose 

fel.cl -· 

0. 3 i filftl 

ltl E• cl i ll ltl 

sand-
s tone 

0 A 0 :3 ffl ill 
spathic ve ·ry 
Li th- fine 
a i- r:::· n i t i::~ s a n d -

stone 

Sort inq 
an d 

F ~ o u n cl i n q 

- :::: . 38 
t)J e L I. s o r t e d 
r a n g e f r o r11 

F: == 3 • 1 ( f e I. d -
S P a 1- ) t O 

F: = 4 • 2 c M R r· ) 

=1 ·" 38 
poorly 
sort t::•d 
range f i--off: 
F:=-.:2.fJ (feld
spar·) to 
F: ::: 3 A 6 ( i'1 R F~ ) 

'- :::: () . 98 
r11 D d r:_.• r .::i t e L y 

s-or-tt.~ d 

r c-1 n q e fr o r11 

Rc-;2. 3 
( ·:1. u .:1 r· t z ) 
to 1~::::3.i 

(fel.d s p.:ir ) 

l.v - i ·-- 2 cl 2 3 6 /;'. f t." I. d s p a i- .'.> • ? % l i \' h i c 0 • 7 7 fl) fti (.. c-; 0 • 5 0 

V Fff s , i 1 ;-~ M F: F-- s , 5 O i~ .:: r k o s e c o a 1- s e \lJ e I. I. s Ci r t E· d 

c l a y , 1 % o p .::i 'l u t:• s ; sa nd - ranqe from 

feldspars 6 0% altered s t o n •?:.· F\ == i . 8 ( \/ F: F ) 



W-1-2f 

~J- i --2d i 

to calcite, cl.ay both 
alteration on VRFs 
,3 n d r1l a t r i x , \/ F: F s a r E• 

pl.aqioclase pheno
crysts in cl.a~/ 

groundmass. MRFs are 
sen:oent i nes 

21.'. •1uar· tz, 14/. fel.d
spars, 22% VRFs, 25% 
cl.ay, 5% porosity, 
3 2 i: MF: F ; f e:• I. d s p a r s 
h a v e r11 i no r c1 i b b -
s i t E:! a L t e i- a t i o n , 
VRFs have both pl.aq
iocl.ase and mafic 
p h e n o c i- y s t s , c l a y 

occurs as both al
teration and matrix 

64% feldspar, 30% 
c l .::t y .. 6 /~ Mr.;: F s ( s e i- p - · 

entine:·) ; fE•l.dsp.:ns 
are 75/. altered to 
c a I. c i t e , t 1- a c e 
opa~ues , cl.ay is 
b o t h r11 a t 1- i x .::i n cl 
alteration product 

one Large Vfff ( i 0/. 
p l.aq i oc Lase, 72;': 
q r· o u n cl M a s s , 3 /: 
op a 'l u E! s , i 5 ;,~ h o 1- n -
b l t:· n d e ) ; g 1 .. o u n cl ""'a s s 
is- .:ilti:::·i-ed cl.ay, 
h or· n b I. encl e h a s 
chlorite .:il.teration 

q i b b s i t e .. t i .. ;;: c e 
dH:··rt; chlorite and 
biotite alter·ations 
o c c u r· on r11 a f i c 
rhenocrysts in VRFs, 
fel.dsrar has sericite 
alteration but only 
1 ;.~ c: a I. c i t e .::1 I. t e i- --

a t i o n .. c L a y o c c: u i .. s 
-01 s b o t h <11 a t i- i ;.: 
and VRF alter·ation 

feld
spath ic 
I. i th·-

.:3 1- E~ n i t e 

ar· kose 

c l..Jst 

f el cl ·-

to F<=2.2 
( f e I d s p a i- ) 

0.i4mff1 =0.48 
fine well. sorted 
sand- ranqe from 
stone R=3.0 (feld

spar) to 
F<=4.i <MF~F) 

() . (-) ~s i(I ill 
r1·1ed i ur11 
s i Lt
s· tone 

0 . 65r1"i111 

' = i . 00 
poor-Ly 
so·r t ed 
l .. a n g e f 1- D fll 

F:==2 ., 2 ( i"Hff) 
to F:=2.4 
( f t:' I. d s p a 1- ) 

,, :.-.:2 ... (·)C1 

spathic coarse 
I. i th- sa nd ·-

p 001- Ly 
srn- t ed 

.:i r·e n i tr:.:· s·tr:i ne ·r -=i nq r:..~ f·r orn 
F>-=2.3 (feld
to F;:==4.0 
(\!Fff) 



W·-2- 1 c 1/. quartz .. 31i~ feld
spar, 8% VRF, 20% 
MRF.. 1 i; SF\F. 9i~ c L.::iv. 
3% porosity, 27% 
opa'1 u.es; the f e l.d
spar s are 2% altered 
to calcite, trace of 
f o s s i I. s , t·m F s a l- e 1 9 i:. 
altered pyroxenes and 
amphibol.es and 1% 
s e 1- p en t i n e .. t h e 
o p a ·:i. 11 e :.: o c c u i- i n 
Layers within the 
rock 

W-2-1 f2 48i~ fe l.dspar, 107~ 

Vl~:F~, 1.6;-;, i"lF:F .. ii~ SR~-

4/. clay, 8% porosity, 
i3i:. cal.cite. 1% 
opaques; 27% of the 
fel.dspars are com-
p Letely altered to 
cal.cite with minor 
sericite alteration .. 
cl.a y occurs as grain 
c o a t i n q .. t h e c e r1l en t 
is cal.cite, both 
micritic and sparry 

W-2-1z2 12% feldspar, 70% 
\/RF, ~ 3;,; c Lay .. Si~ 

porosity; 9% of the 
feldspars are altered 
to calcite and minor 
sericite .. VRFs have 
both cal.cite altera
tion on feldspars 
a n d c I. .:.:i y a L t E~ 1- -:i t i o n 
0 f itl a iT i X .• V f°\F S a 1- e 

p l<:1g Ill i cro Lites ~11 i th 
c l a y i11 a t i- i x .. c l a '/ 

o c: c 11 r s a s r11.3 t i- i :< 

W-2-1z3 2% plagioclase. 85% 
VF-:F. 2;-;, Mf-ff, 1 ;.~ c: I. a y, 

'ii~ 1t'1 i c·i- i te cei11E~nt. 

i ;-~ opa-:1 ues; ser i c: i tE~ 
a L t t:' i- .::i t i o n o n a L L 

fel.d spa rs, MRFs are 
SE:·rpt:?nt int:·, VF\ Fs are 

I.it hi c 
.a·rkose 

L i t 11 i c 
arkose 

0. 37r1H11 =0. 45 
111ed i ur11 vJe l I. 
sand- sortt:~d 

stone ranqe from 
f\::.::3. 1 (VRF) 
to F:::::2. 1 
<MRF) 

0. 1 0f1\i1l 
\' E• l .. Y 

fin e 
s<:ind
sto ne 

=0.35 
very wel.l 
s-01 .. ted 

r a n q e fr o ''' 
F\:.::3 .8 (MRF) 
t 0 F-:=3. 0 
(ft:~ l.dspar·) 

VD I. -- 0 ., 7 ~) fft f1) ::: i . 50 
pocn-lv 
so·r t ed 

c a n i c - c: o a 1- s e 

a i- en i t e s a n cl -
stone 1 .. .::1 ng e f 1· om 

F\=1.5 (fel.d
sp a 1-) to 

F: = 3 • 1 ( V F\F ) 

VCJ L -
canic-

4 • '7' t_', (11 ill "-~ 8 • 5 0 

a 1 .. E~ n i t e 
pebble extremely 

p C) Cl l- I. y 

sen- t ed 
r· a n ci e f 1- o r11 
F: ='..:~.1 (fel.d
s-p al-) t D 



unaltered feldspar 
in cl.av oroundMass , 
g i- e .:3 t z o n a t i o n i n 
p Lao i oc l.asE•s 

W-2-iz4 one VRF (20% plaqio
cl.ase phenocrysts, 
20% mafics altered 
to chl.orite pheno-

W·-2-·2a i 

W-2 ·-2 b 

W-<2-· i 1 .:i 

\i) ·--4 - 1 .;) i 

c i- y s t s .. 6 01. c l a y 
g 1- o u n d rn .a s s ) 

one VRF (35% pl.agio
clase phenocrysts 
with 70/. alteration 
to cal.cite , 65i~ 

c L a y ) ; 5 111 a L L ~=i 11i o u n t 
o f c: L a y 111 a t r i x 

bryozoan, crinoid 
fragrnents, echino
dermata spines, 25% 
·l. ti<H t z , 8 ;~ f e L d s p a 1-

i n a micritic cement, 
the quartz and feld
spar are fairly unal
t1.:~rE·d but the toss i Ls 
are completely micri
t i ZE•d 

ii;,~ fe l.d spar·, 71,);·~ 

\/RF, 9% clay, 6% 
p o l- o s i t y , 4 ;.~ c a l c i t e , 
trace chert; see 9% 
calcite alteration 
on the feldspars, 
clay occurs as rim, 
see trace of gibbsite 
a L t e ·1- a t i on 

2 ;.~ 'l U a \" t I .• 3 i /~ f •? l d -
s P .:n , i 1 i~ v r-:.: r· . 4 2 ;.~ 
f1i i c r i t e , i 0 % c l a y , 
i ;.~ por·os i ty, i ;.~ 

opaques , 2:.::: MFi:F .: 
21% feldspars alter ed 
to calcite. VRF~ have 
both pl.agioclase a nd 
altered mafics miner
.:J I. Phenoc·rvsts, 

c Last 

c Last 

i niTa
c last -
bear· -
ing 
bi 0111 i c-
1- ucl i t e 
(fos-
s i Li -
fer· o us 
pack
·':;tone) 

v o l --
c-:i n i c-
.:J l- e n i t E~ 

I. ith i c 
arl<os•? 

0. ?6r11111 

co,:1i .. se 
s.::ind
stone 

(). i 4ti'IM 

·f i ni::~ 
sand
s tone 

l=\:=4. 3 
(serpentine) 

=i • 25 
p 001- l y 

sorted 
range 
R=2. i 
SP al-) 

F\ :: 3 • i 

f\" Of1l 

(fel.d
to 
( VR~-) 

:::;(). 50 
1,1J>:c• I. I. 
s·or te d 
r a n q e f ·r o 111 

( ·l u .:1 ·r t z ) t o 
r~ := 3 • i i: ri r.: 1=- ) 



micrite oc c ur s as 
b o t h c e 11H~:· n t a n d 
a L t e 1- a t i on 

l,J .... 4 .... 1 a 2 4 ;-~ ·l H a r t z , 2 ;:. f e I. d -

spar, 5% VRF, 5% 
c L a y , 3 7 ;:. 111 i c ·,- i t e , 

29/~ MRF, i 2~~ sp ,·H 1-y 

c <:.1Lcite, 6i~ qibbsite; 
much sericite alter
ation on the feld-
5 p a 1- s , \/RF s a 1- e 
altered to gibbsite, 
sparry calcite occurs 
as alteration (pro
bably feldspars), 
Micrite occurs as 
a l t e 1- .a t i o n a n d 

ceMent, c Lay coei ts a 

f e t1J c.i i .. a i n s 

W-4-1a3 1% quartz. 28% fel.d-
s p a 1- .• i 1 /~ V R F , 1 0 /. 
SRF, 2;~ clay, i9i~ 

MRF (serpentine), 
29% Micrite, only 
3% of the feldspars 
a l .. e u n a L t e l- e d , 
micrite occurs both 
as grain alteration 
a n d c e 1n E~ n t .. c I. a y 

occurs as alteration 

l.J -· 4 .... i f f i} /.'. q Lf...:1 1- t I .• 2 4 % f e l d -

spar (3% orthoclase, 
2i/~ pla9iocL.1se), ii. 
S F\F ( c h e i- t ) , i 3 i~ 

c l a y 111 a "lT i x , 3 ;;, MF~ F ; 
VRF phenocrysts are 
all plagioclase and 
111 :i f i c Ir": i n ;::~ r a L s 
altered to biotite , 
clay forMs both rim 
a n d 111 a t l.. i x .• f e L d -
s p a r s a i- e r· e L -~l --
ti v e Ly unaltered 

·,- e c 1- y s t .::1 I. L i z e d 
f o .::; s i L s a 1- e t o o 
ob I. i terati::~d to 
d i:~ t E·~ i- 111 i n e e x a c t 

P h Y I. l - 0 • i 7 111111 

arenite f i ne 

I.it hi c 
arkose 

f el d ·
sr-· -~1th i c 

I. i th ·-· 
eirenite 

fo ss il -·· 
i f er· o u.s· 
wac k
stone 

sa nd
s t o ne 

0. 93111111 

c oa i- se 
sand
stone 

0. 4011)11'1 

(fl{:!! d j l1 (r°I 

sand
stone 

=() . 95 
rn o cl i::~r ,J tel v 
s ortE·d 
r a n g e f 1- o "' 
R=i • 5 
( ·1 u a i- t z ) t o 
F:=3.0 <MRF) 

=-=O. 88 
ff1oclerately 
sorted 
range fi- ofll 
F:= i . 2 
( ·:i. u.artz) to 
F: == 3 • 1 ( M R ~- ) 

=-"L 13 
p 00 1- Ly 
sor· t ed 
1- .:i n g e f r o 111 

R~--= 1 • 8 
( ·:i. u a r t z ) t o 
R ~-" 3. 0 ( V f~F) 



W-5-· i b 

W·-5·-1 c 

W·-·5·-3a 

W-'.5-3 b 

c o 111 p o s i t i o n s .. on l y ( b i o -
i d e n t i f i .3 b l e f o s s i I. s 111 i c r i t E· ) 

are forams, micrite 
C E·:•f11E•n t 

78i~ ft::·ldspar. i7/~ -::1r·kose 
c a l c i t <:::· c E· ft'""' n t , 2 ;.~ 
o p a ·1 u e s , 3 i.'. f o s s i l s ; 
f e I. d s p a l .. s a l- e 
coMrletely recrys
tal.LizE·d to cal.cite, 
f o s s i l s a l- e E~ c h i no -
dermata spines and 
f o i- a r11 s .. t he c e 01 en t 
1s micritic cal.cite 

2 /. ·1 u a r· t z .. 5 4 % f e l d - a l- k o s e 

S P .3 l- , 3 f; i.'. 11'1 i C l.. i t E• , i ;:: 
MF\F, 51:: fossils.; the 
feldspars are altered 
to both sparry calcite 
(14%) and rnicrite, 
r11 i c 1- i t e i n c L 1_t cl i:::· s b o t h 
cement and alteration, 
MRF is serpentine, 
f CJ 5 S i I. S .::·1 l- E• f 0 l- d f1l 5 

24/. feldspar (21% 
a L t E.· l .. E· d t o c: a I. c: i t e ) , 
33% VRF (2% altered 
to cal.cite), 35;.~ 

iii i c r i t e , 5 /. c: l a y , 3 ~'~ 
opaques; VRFs have 
both c.a Leite (2/.) .:ind 
chlorite (16%) alter
ation on phenocrysts 
and qibbsite alter
ation, ~.-r-ace of 
s e r p E· n t i n e , 11·1 i c r· i t e 
is both .alteration 

.E1 nd c: i:·rnen t 

3 % 'i Ll "' l .. t z .' 1 ':n~ f e I. d ·-· 
spar, 29% VRF, 23% 
MRF (serpentine), 
6/~ c Lay, 4~;: 

P 0 l" D S i t Y , 8 i~ q j b b ·-· 
S i t C·! , rl ;·;'. Ci P .J •:1 l.l .-::.• S , 

clay forms a matrix. 
MRFs are ser·pentine, 
feldsp.ars are ex-

f•:?ld
spathic 
I. j th·-
a l-en i t e 

f E? 1.d·
sp.:i th i c 
l i th·-
a 1- en i t €·~ 

0 A 23it'liil 

fin•:'! 
s .::ind
stone 

0 A 38i1ii11 

111ed i urn 
sancl·
stone 

0. 24rnr11 
fine 
s.::ind ·
stone 

0 A 1 ?fi'fifl 

fine 
s.::ind-
stone 

:::: 1 • i 3 
poo1- I. y 
sen- t ed 
·,- -:1 nq e f ·r 0111 

R=2.'? (fel.d
spa·i-) to 
R::::S A 5 
(fossi l.s) 

:=() A 91 
rnode:•r.::1te Ly 
sorted 
1-ange fr orn 
Rc-::2.8 (feld-
5P a i- ) to 
r~=5 A 5 
(fDssil.s) 

=0.30 
very ~<Je I. L 
sortE~cl 

·:- .::1 n q E· f r o 111 

R=2.6 (felcl
sp.3 ·i-) to 

F\::::3.i CVF~F) 

::::O A 85 
r11 o d e 1- a t e L y 
s orted 
r .:i n -:i i:.~ fr o 11'! 

R:::;?. 0 
( ·~ u .:i r t z ) t o 
Rc-::3.3 (MF\F ) 



treMel.y (95%) altered 
to calcite 

3 ;.~ ·~ u a r t z , 2 0 i~ f e I. cl -

s p a l- , i 9 % V Fff , 9 ;-:-: 

MFff, 27i~ c I.a/, i 9% 
P o i .. o s i t y .. i /. op a q u es . 

2;.~ sanidine; tr1e c:Lay 

represents both VRF 
alteration and clay 
i1l a ti- i x , Ca i- I. s b a d 

twinning anql.es on 
the p Lag i oc Las·e 
represent An2 or 
{', n 3 6 .. f e I. d s p .:.1 1- s 
have minor sericite 
a I. t e i- a t i on 

l ;.~ 'l U <H t Z , 2 ::2 ;~ f e I. cl -·· 

spar, 43% VRF, 8% 
c L.::iy, 26i~ MF~F, i-r-.:ice 

S F\F ( c h e i- t ) .; i /~ o f 
f 1:::· L d s p a i.. t o t .:i L I. y 

altered to calcite 
1,iJ i t h ·1- e s t h a v i n g 

minor alteration, 
30% of VRFs altered 
tc c La>1 , the MRFs 
a i .. !::-:' b i o t i t E· .:;, n d 

chlcn-ite altt:·red 
mar1c minerals, clay 
fol .. r11 s t h e f1l .:.1 t r i x 

~J-- 6 -- 3 a 2 2 ;~ ·1 u a 1- t z , 4 2 ;~ f ·= I. d -

spa 1- .. i3/~ \/RF, 4% 
opaques, 30% MRF, 

~J-·· 6--3a i 

9 % c L a y .; f t~ I. cl ST' .::1 1- s 
are fairly altered, 
\/RFs have pl.agio-

c l a s e .:1 n d 111 a f i c 

minerals as rheno-
c i- '/ s t s , ·:i u. a r t z h a s 

undulose extinction, 
c I. -:-1 y f o ·r ff1 s 111 .:j t i- i x . 

tm F s .::n- i::· b o t h 
sePf~nt i ne and 
.:1 I. t 1:.:· r •:.:· d rn a f i c 
li"1 i n e ·:- a i. s 

:: i ;;. f e I. d s p .:t ·,- , f3 i~ ;-~ 

feldspar altered to 

f e L d -- (·) • i 2 r1u11 

spathic ver v 
I. i th-- fine 
ar· t·!n i te sancl·-

VOL--

c: an 1 c -
a 1-en it e 

phyl.L-

stone.' 

0. 29f1if1l 

rned i u.r11 

sand
stone 

a i- en i t e v e ·!" v 
f i nE·! 

s .J ncl ·-· 
~;-tone 

=0 ., 6 3 
ff1 o d t-! ·1- ::. t e L Y 

\vE· L L soi .. t ed 
i- a n q •:? f r· o rn 
F:=2 .,i ( feLd
sp a i-) to 
F\ == 2 • 7 ( \/ F: F ) 

=i • 00 
Porn- Ly 
scn- t ed 
r· a n q e f i- o rn 
F.:=2.8 (ft:·l.d
spar·) to 

(quartz / Vi:;:F> 

:::0 . 6i 
ff1od t~l .. ..,1 t e L >' 
l,1) E· L L s 0 i- t f! cl 
r a n q e f i- o ff1 

F:=2. 8 ( feld-
sp a i-) to 
F: = 3 • i U IF·'. F ) 

I.it hi c 
arkose 

() . i 4 fll fll ::: 0 • ~) 8 
fine Mode rat e lv 



calcite, i2% VRF, 
7% porosity, 14% 
M Fff ; f e I. d s p a i- s a i- e 

a I. t e r· e d t o 5 .::,~ l .. i c i t e 
and cal.cit;~, VF:Fs .. 

have mostl.v plagio
cl.ase phenocrysts, 
MRFs "ir·e both 
SE·r· pent i ne .:J nd 
a L t e i .. e d r'll a f i c 
r'lliner·al.s, porosity 
probably resulted 
fror'll clay dissol.u-
t i o n d u i- i n g t h i n 
section construction 

W-6-3a3 4% quartz, 50% feld- I. i th i c 
.:1 ·:- k ose 

W-7-- i b 

!~ ·-· 7 -· i c i 

spar. 27% VRF, 2% 
clay, 3;,;: MFff. '14% 
opaques; not Much 
ceMent to this rock, 
j us t .;.:i c I. a '>' i1l ,~j t 1.. i x , 

MRFs are biotite 
a n d r:.: h I. o i- i t e a I. t E· i- -

ation of pyroxene 
or aMphibol.e, VRFs 
h"1ve both Pl.-::1qio-
c LasE• .:ind fJla f i c 
phenoc:rysts 

i ~:i;-~ p 1.-:::q i oc: Last.~, 

60% VRF. 28% clay, 
< i 0 ;~ o f c I. a y i s one 
il'1Uclcl.ast), ~)~·;'. MF~F, 

1% OP<'.1'lllE5; fel.d-

sp.:.:irs -::1 LI. shot.i.1 

sericits· al.tE•ration, 
the cla y represents 
both VRF alteration 
'":i n d 111 .:i t ·r i x , V f~ F s 
have Mostly pl.agio
clase phenocrvsts, 
MRFs are serpentine 

'/IJ I. .... 
can i c ·-

'! D ;-~ ·1 u. a i- t z , ~) 3 !~ f e I. d - L i t h i c 

spar<:>;-~ ,:,i l.t t::·ri:.j d t1J .:-irkose 

c a I. c i t e ) ·' i 0 :~: \/ f ;: F , 
4 ;.:, (: I. .:·1 / , i ~~ ;-;'. Ci P .'.;J '~ ll (~ S / 

'7i~ roros i ty. i 3/;'. hfi:F _; 
fe ld spa r alters to 
c a l c i t e i n d i f f E~ \ .. c~ n t 

sand
s tone 

0. i i ill f1l 

\/ f:.\"(" y 
f i nE~ 
s .::ind
s tone 

0. 27ii"1i1l 

i1l E~ d i Ll.f1l 

s.:1nd
::; ton •? 

we I. I. sor tE·d 
F~ ~--= ;~ • 6 ( f e I. d -
spar· ) to 
R=2.2 (\/RF) 

:.-.:(),. 53 
r11 o d e 1- a t e I. y 

we l L scJ"C ted 
1- a n g e f 1- o iii 
R :..:: i . 5 C ·1 t z ) 
to F:==2. 5 
<VRF) 

we I. L sen- t ed 

rangE· f·rofll 
R=2.0 (felcl
sp a i- ) to 
R=2.6 <VRF) 

0 • i 6 (lifil :::: () • 8 5 

f i n r:.:· 111 o d f:.· r ·,·1 t 0: L y 

s a n cl -· 5 o r t c~ d 
stone r <:1 n q r:7' fr o 111 

R :..:: 2 • 3 ( ·~ t z ) 
to F\ =<."~.9 

( \/F\F) 



zones, VRFs have 
Mostly pla q io clase 
p h en o c r y s t s , ·1 u a r· t z 
has und ul.o se extinc
tion 

liJ -- 7 - i c 2 7 9 % "f e I. d s p a r , i 1 % 
VRF, 7% porosit y, 

t.i.J- 7--2<:1 1 

lil --7-2.:i 2 

:~ ;.~ c.::i I. c i t r:::· ; V F~ F s 
a r· e v E? l .. >' p I. a q i o -
c I. a s e:· - l- i c h , t r a c e 
of serpentine, see 
r11 i no·,- c a i. c i t e 
alteration on the 
f e I. d s p a 1- s , p Cff o -
s i ty r·ep1-esents 
dissoi.ution of 
c I. a >' 111 a t ·,- i x 

i -1 ;~ f e l d s p a ,- , 6 6 ;~ 
VRF, 2/;'. clay.. 7% 
ceMent, 2% MRF. 3% 
c1 i b b s i t e , i % o p a q 11 E? s . 
2;·~ cal.cite; the VRF s 
have trachytic tex
ture of plaqiocl.as e 
111 i c l- o L i t E? 5 , t h e 
feldspars display 
z o n a t i on , c e file n t 1 s 
s p .:i 1- 1- y c: a L c i t e , 
g i b b s i t e i s a I. t el- -
ation on VRFs and 
c La>" 

1% 0:1ua·rtz, iOi~ fE:l.d-
s p a l- , 3 ;,; f •= I. cl s p a l" 
.:11.te·.-E~d to c.:il.citE·, 
76i:: VF\F, 3i~ c La y, 
4;.~ c•~ff1E•nt, :~;~cal.cit[· 

p o 1 .. e - f i L l ; 111 o s t o f 
the VRFs con s ist o f 
plaq ioclase in cl.av 
·:i r o u n d r11 a s s , t ·,- a c E• 

MRF (se rpentine) , 
Less than 1% of VRFs 
ar·e al.tered to cal-
c i t P , i no c c: r a 111 us 

fos-5 i L 

23~:: fE·! l.dspar. 
\If-~ \=- . 2/~ c L .:01 y . 

l ., 
' I 
I ' " 

\'O 1.-
C: Jn i c-· 
are ni tt:! 

VO l.--
c-::1 n i c·
a1 .. en it e 

f E· L cl --
,:;- p .;;1th i c 

O.i8rnrn ==(·).40 
fine wel.l sorted 
sand- ranqe froM 
stone R=2.9 (feld-

i " ()7fl'lfl'I 

sp .::, r) to 
f~:.-;3. 3 C VF\F) 

verv wel.L sorted 
coarse ranqe frorn 
sand- R=2.0 (feld
.:;tone :;par) to 

0 ... 4 7ii'1l1l 

1'i':l"?d i Uf1l 

sand
stont:· 

0 .. :59rni1l 

!=(c-::3.4 CVRF) 

_,, 1::--
.... V) • .. i ,J 

111 o cl e r· a t e L y 
sort E•d 
r~1nq;"J 

F::::2 ., i 
spar) 
F: :0::3 • 1 

fl .. Oltl 

(fel.d
to 
(\/Rf--) 

11w d e r a t e L v 



W·-· 7 ·-·1 d 

W-7-igi 

ciibbsite. 67'.'. ca Leite. 
1;~ 1"\F\F; cal.cite is 

a l teration on VRFs 
and ce111ent, c 1.a y 
occ ur s as rims, VRFs 
.=i i- e a !. I. p L a g i o c I. a s e 
and .a L tert:1 d c Lay 

groundmass, gibbsite 
is feldspar al.ter
ation 

·4 % p L .a 9 i o c L a s e .• 6 i~ 
othocl.ase, 1% feld
spar altered to cal
c i t e , 4 7 i; a l t E· 1- e d 
VRF, 2% MRF, 1% SRF, 
i ;-~ c l. .Jy, 1 Sii~ c:. E·rnent, 
1 % poi-os i ty; i-i-ace 
o f c a I. i c h i t e , i11 o s t 
alterations on VRFs 
to clay, bu.t .::1t I.e ast 
one alteration to 
c.:i Leite , cr:.::·rn•-::.·nt is 
spa ·i"" r y ca l. c i t e ( 1;n i ;'2 

or An28 froM angl.es 
taken 

83% VRF, 8% MRF. i% 
ShF .. i ;;, c I. a y, 1 ~/ '" 
cal.cite, s;~ ft:~ l.dspar 
c e rll e n t , i /~ rn i c 1- i t i z e cl 
q r· .:i i n s ,; V r-;: F s .:i r· t:.~ 

mostly plagioclase 
a L t e 1- E· d t o c I. a y 

groundmass, cal.cite 
occurs .::is porr:.::·-1"1 I.I., 
about 30% of MRFs 
have rnafic rnine ra ls. 
MRFs are serpentine 

VF\F, 9% calcite 
c "-~fl1E•n t , 1 ;.~ MF.:F; 
111ost l.y VF~Fs l• . .1 i th 
pi.aqiocl.ase pheno
c:·rvsts in an 
a I. ter-ed--to-c: I.av 
ci l'" o u n d ii'1 .:3 s s , c .-:i L c: i t E~ 
c E~ rn en t 1 s s p a r 1- y . 

M r;; F i s .:i l t e i-- t:-: cl 
.3 fir P h i b o I. e 

I. i t h - s .:1 n d -· 
,:, 1- en i t E· s t on f! 

felcl
spath ic 
L i th·-
a 1- en it e 

\'0 I. --
Cd )l i c ·-

0. 35 rrif1l 
111 e cl i ll lr'r 

sand
stone 

(). 73i1)ff1 

coarse 
a 1-- E'· n i t e s <:l n cl -

stone 

"JO I. --

soi- t ed 
r .:·1 nq r:-.· f 1- or11 

R :.:: 2 • 7 ( f e L d ·
s p .:i r·) to 
R=4 . 2 <VRF) 

c-::0. 45 
WE• I. I. sen- t E·d 

r a n CJ e f 1- o rn 
F<<~.4 ( pla 
c1 i oc Lase) 
i:o F.;::<L6 
<M RF ) 

' ::-"i.50 
e x t i- t::· 111 e l v 
p ()Cl 1- I.'/ 
SO l"' t t~d 
·r .::i ng r::.• fr 0111 

1:-.:=i.9 (MRF) 
to F:=.3.2 
<VFff) 

=(L30 

canic- verY verv well 
arenite coarse sol'"ted 

sand- ranqe fl'"OM 
stone R~2.1 (fel.d

;;· p .a r· ) t o 
F: =~ 3 • 7 ( V F.: F ) 



W --· 7 -- i q 3 1 % ·1 u a 1- t z , 9 4 i~ V F: F , 
4;.;, c ei"11en t , i 1:. 11Fff; 

lJ ·-· 7 ·-1 h 

c e rn en t i s s P a 1- ,- Y 

calcite, the VF~Fs 
have mostl.v pl.aqio 
c L a s e p h t:~ n o c 1- v ~-; t s _, 
but some have maf ic 
minerals_. MRF is 
serpentine:· 

3i; '1u--·ntz .. 25% feld·
s p a 1- , 6 ;-~ f E-! I. d s p a r 
a I. h:~ i-- E~ d t o c:.::.~ I. c i t e , 
i 4 ;~ p 0 ,- 0 S i t y I i 6 ;~ 
op .:iq_ ues _, s:i~ MRF. 
31 % \/F:F; the MF\Fs 
.a i- e a L t e r· e d t o 
chlorite pyroxenes, 
the porosity is due 
to dissolution of 
c I. a y m .::i t 1- i x d u ·i- i n q 

thin section con
s-t-r-uction 

W-7-iaa 8% plagioclase, 1% 
orthocl.ase, 74% VRF_. 
3 i;: S R F ( c h e 1- t ) , 6 ;-~ 
porosity, 6% feld
spar cement, 2% MRF 

W-8-ia1 

( s E~ l- p e n t i n e ) _; \I F\: F s 
are pl.agiocl.ase with 
.3 L t e l .. E~ d ·-· t o ·- c I. a y 

qroundmass, poro
sity due to clay 
dissolution during 
thin section con
struction 

1 8 ;/; f e L d s· p a ,- , 3 ;; 
feldspar al.tered to 
ca Leite, 44~: VRI=-_. 
8% cl.ay, 19% fel.d
spar cement, 7% MRF. 
1% opaq_ues, trace 
sr.;:F ( ch•:?r· t); VF\Fs 
,:i l- e p I. .:1 q i o c I. .:1 s ;::.· --
r· i ch t~iith cl. .:1y 
groundmass. MRFs are 
s •2:· i- p -r:::· n t i n es .:::·1 n d 
a I. t e ·,- •:? d .:;i rn p h i b o I. e s 

v o l - 2 . 2 ; rn i 11 = 1 • 6 3 
canic- gr.anul.e poorl y 
arenite sorte d 

f e ld ·
sp.:i th i c 
I. i th·-
a r E·n it e 

\'0 1.-
c an 1 c 
I.it h-

0. 09filill 

'/er· y 

fine 
sand
sto ne 

l- .:i n ci e f , .. o i11 

F:==2 A 5 
< ·1 u a , .. t z ) t o 
R==4.0 
C VFW/MRF) 

=1 • 25 
POCff i.Y 

soi- t ed 
1- -c-l n g f.• fr o r1i 

R= 1 • 9 
< ·11.1 a 1- t z ) t o 
R=3.6 
Ul F: F~ l VF~ F ) 

0 A 3 4 fl) (1'1 :: (·) A 8 8 
medium moderately 
s .:1 n d -- s Ci 1- t ;:;.·cl 

a renite stone r a n CJ e f 1- o f11 

F:==i A 8 ( fE:· l.d
s· p ""1 1--) to 

fe l.d -
sp .::1 th i c 
l i th-· 

.3 1- E:· n i t .::~ 

F:==3. o omF) 

0. 'j t 'fflili ::::0 . 70 
very moderately 
f ine sorted 
sand- range from 
stone Rc-;2.9 (feld-

;;:p.:1r) t·:-i 
F\~:::3 . 7 ( VF\F) 



P Yi-ox e n es 

W-8-i a2 1% q uartz. 18% pla-

l...J·-·8-· 1 b 

~J--B--1 c 

!~)-- 9 -- ~~ l:i 

9 o c L .:.1 s e , 6 :1; f e I. cl ·
spar altered to ca l.
cite, 57i~ VRF, 11% 
cl.ay, 5% MF<F, ii~ 
opaques, 1% calcite. 
VRFs are al.I. p l.aqio
cl.ase with clay 
g 1- o u n cl r1i a s s , f E· L d -
spars have minor 
sericite alteration 
c I. a v f Cl r 11'1 s 111 a t r i x , 
MRFs are 1% se rpen
tine and 4% amphi
bo l.r::!S 

4 ~,;, f t-! L d s p a 1- .. 9 /~ 
feldspar altered to 
c a L c i t e , T? ~~ c l a y .. 
2% MRF, 6% oPa~ues, 
2 /~ f o s s i L s _; f o s s i L s 
are al.I. forams that 
are now recr vs tal-

1. ized to cal.cite, 
clay may be alter
ation of VRFs (too 
o b L i t e r«3 t e cl t o cl t:' t E~ r· ·-
r11 i n e , M F<F" ,;; a r e 

St.·:·rpt:'nt i ne 

89% VRF. 5% SRF, 3% 
cl.ay, 1% opaques; 
Vr<i:--s .:i ·re pl..:iqio
clase phenocrvsts 
in a cl.ay ground
mass with pyroxenes 
and arnphibol.r:.:•ts, 
SRF is chert, minor 
q i b b s i t E:• .:i L t e ·1- a t i on 
on VF<Fs 

i ;.;, 'l l,l a )" t Z I 7 () ;-;: 
f i::1 l ci s P a i.. , 4 :~ f ,-:_:: I. cl -
.::: P .::1 r· -ol I. t e ·r t:::· d i: o 
c ~1 l c i t e , 2 0 % 111 i c i- c ·-
s P a r· . 3 ;-~ o p .::: ·:1 u ;,.:: s , 
2% MRF; micro s par 
is cement, rnicri
tized qrains occur 

fe l.d
sra th i c 
I. i th--
a r en i h:> 

a·i-kose 

\'0 1.-

0. i '3il'1rn 

fine 
s a rid -·· 

stone 

:::() ... 9() 

111 o cl e r a t e L y 

sort E·d 
; .. a n q e f i .. o 111 

F\=2. 1 
( 'i u d )" t z ) t 0 

f(::-.3. 2 < MRF) 

0 • 1 0 1'iH1l - = 0 . 3 0 
very very well 
fine 
s.::in cl 
stone 

2. 0411l(1i 

soi- t eel 
r .:i nq E· fl- Dii'I 

F\c:::2.9 (fel.d
sp al-) to 
F~=3. 9 
(fossi Ls) 

==0. 50 
can ic- qranul.e moderately 
arenite sorted 

r a n CJ e f i .. o rn 
F<<2 ., 4 C VF:F) 
to R=2.9 
C SF\F) 

() . i i li'I ii'I :: (·) • (:, 5 
verv moderatel y 
fine sorted 
sand-· 
ston1;j 

i- a n q e f i- o rn 
F: == 2 ... 1 
( ·~ u a r t z ) t o 
F:=::J. 3 ( MF:F) 



(possibly fossi l.s) 
1i"1 i nrn- g i Libs i te 
a I. t el- a t i on on 
f e I. cl s p .a i- s 

i>l - 1 0 -- 1 b 1 2 ;.~ 'l IJ. <ff t z I 5 i~ f E· l cl -
s p a i- , 1 % f e L cl s P a r 
al.tered to cal.cite. 
54~1:. VF\F. i 0% c: l.ay 
grains, 9% porosity, 
10% cement (sparry 
cal.cite), 2% opaq_ues, 
2% MF<F .. 7% f oss i ls 

W - 1 0 ·- i b 2 3 /~ f e l cl s p a i- .• i % 
feldspar al.tered to 
calcite, 80% VRF, 
1% VRF altered to 
cal.cite, 5;; SF\F, 
Si~ por·os i ty, 4i~ 

fossi Ls, 1% calcite 
pon.~--f i l L; li"1ost 
feldspars unalt ered, 
~:; F~ f=- s· a r ~~ 3 ;-~ ftl u cl -
clasts and 2% chert_. 
trace cl.inopyroxene 

I>! -- 1 0 - 1 c 1 2 ;.~ f e L d s p a r , 7 0 i~ V F\ F , 
1% ofVRF altered to 
calcite, 2;-~ clay, 
21 ~-~ ca l.c i tt:'.. 1 !. 
0 P d 'l ll E~ S , i ;.~ q i b b S i i: 0.• , 

2% MRF (serpentine); 
calcite is both 
cement and alter
atio n, Vh:l~-s are both 
plagiocl..ase- and 
mafic mineral.-rich 

W···10·-1d1 '!O;~ feldspar· .. 89% 
\m F. , 1 ;-~ o p .:i ·~ u 1::· s ; 
feldspars compl.etel. Y 
altered to cal.cite. 
V fi: i:· s c o 111 p I. t-:· t '~ L v 
a l.t ered to qibbsite 

1;.1 - 1 0 - 1 d 2 6 !. f 1:> I. cl s p a i- , 7 '!.. 
·f P l d s p a r· -:3 l t e i- 1:- cl t o 
c:.:i l.c i te. 4:2:1;. \!RF .. 

VO 1.--
C-:3 n i C ·-

.:1 i- E• n i i: E• 

··./O L-
C an i c -
a r en it e 

vol.-
c: an i c ·
a r i:-! nit e 

VO l ·-· 
c.::1n i c
ar1'?n 1 te 

0 • t; 7 (1)(1) = 0 • ~>8 
coarse moderatelv 
Eancl-- sorted 
stone range frow 

F\==i.O 
(fossils) 
to F:=2. 5 
(\/RF/feld
spar·) 

0 • ~ 6 l"iHil ~-= 0 • 8 8 
fine Moderately 
s· a n d ·- soi- t e d 
stone ranqe froM 

R=i . 9 (feld
sp a 1-) to 
R=3.0 
(fossi L) 

0 • 7 i fiiill :: 1 '· 3 8 
c D.J r ;;<:~ p ocir I. y 
sc:1nd- sort€:·d 
s· tone 

Ci • 5 4 ffl ill 

coarse 
s,;1ncl
sto nt:: 
( fe 1.d·
sp a 1- ) 

r· '"1 n q t:~ f r ei ri1 

F: = i . 5 ( f e L d -
SP -.1 i- ) t O 

r,: == 2l • ~:; ( i"1 F: F~ ) 

;:; i . 29 
poor I. y 
S' C) )"' t t:.· d 
F\==2. 6 
( f e l d s p a i- ) 

\' C) J. - \\> • 9 l ii"I ill = ~ • 2 5 
c.::inic- co.::1rsr::! poor· J.y 
arenite sand- sorted 



1 ;,~ S R F ( c h I?! i- t ) , 3 2 % 
c I. a y , cl /. p o r· o s i t y . 
6% qibbsite; VRFs 
a i- e a L L c L .:i v , ~1 i b b -
s i t e i s a I. t e 1- a t i on 
on VRFs, clay is 
both rnat ·r ix <.ind 
VF\F .:3 L t•?.·r.::1 ti on 

1.iJ -·· 1 0 -- i d 3 CJ n e VF~ F : i 8 i:. b a u x i t 1~ 
alteration of feld
spar phenocrysts, 
72% clay groundmass 

~J -- i 0 -- i g 1 i ;~ ·:i. u. a i- t z , 8 ;~ f e I. d -
spa ·r.. 73/:'. \/RF. i T~ 
SF: F ( dH:-:· i- t ) , 5 ;.:, c I. -c-i y ; 

VRFs are pi.agioclase 
and mafic mine ral 
phenocrysts in a 
c I. <:1 y c1 1- Ci u n d rn a s s , 
cl.av forms matrix 

~! - i 0 -- 'i q 2 2 ;-~ 'l l! a ·r t z , 8 ~~: f P I. d -
s· pa ·r . 66:,:: Vf~F. 1 ;.;, 
SF~F ( chi:::·r t), 1 ()i~ 
c I. -:.1 )-' J 3 i:. p 01- 0 5 i t y ) 

i 0 i~ op a ·:i. u f.• s ; c on -
t .::i i n s b o t h f e L cl ·-
s p a 1- c t::· rn e n t .:;i n d 
c I. a v fi'1 a t r· i x .. \If( F s 
-c1r·e p La g i oc l. .:is •:.:· 
phi:::-:-nocr·ysts in a 
c I. a y g 1- o u n r:f fn .::i s s 

W-10-1g3 2% quartz, 16% plag
iocl.ase, 69% VRF, 
1 /.'. s f-\'. r~ ( c h t:' r t ) , 1 1 !:'. 
c I. .J "/ , ; ;.~ f'I F;~ F. ( s e r --
P t::· n t i n e ) ; \/ f ( F ~• a l- e 
rl..::igiocl.ase rheno
c 1- '/ S t S \~I j t h C I_ .J )I 

q 1- o u n d 11·1.:i s s , c I. a y 
forrns both matri x 
and al.teration of 
qra1ns 

!;)- -· i 0 -- 2 <:l :3 6 ;-;'. v F: F I '? ;-:. c I. .:1 y . 

2 /~ p 0 l"" 0 5 i t )/ .. 3 /~ 
ca l.c: itf~ ; dbout iO;-~ 

of \/RFs are altered 

s ·tone 

cl.ast 

r a n q E· f i- o 1i1 

R:.-c2 . 0 
( 'l u a i- t z ) t o 
R~--=3.4 (\JRF) 

\! (j L - 0 ·' :> 4 l'i"I i1'1 :::: i ' ::l 0 
canic- coarse poorly 
are nit e sand- sorted 

\'D l--
c an i c ·
a r· en i tE· 

\' D L ·-· 

stone rancie from 
f;: :: 2 ' 3 
( 'l U <:I l- t Z ) t 0 

0 ' 7 (-)ill 111 :::: 1 .. :5 3 
c:: o a 1- s e p o 01- L Y 

s ,~·1 nd-·· soi- t E·d 
s tone r a n g e fr· o 111 

f-\'.:::i.:} 
( 'l Ll .J r t I ) t 0 

~~: :: 2 .• 4 ( \/ R F:- ) 

c a n1c- coarse ModerateLy 
Ci r t:' n i t t:-:· s a n cl ·- we I. L !>or t E~ cl 

stone ·r .:·1 n q i=.· f ·1- o ii"1 

f( ~-"::: •. ~, 
( ·:t ua 1-- t z /VF::F) 
to F\ :=:2 .8 
UiF:F) 

\'DL-- i.i2rnrn :::i .. iO 
can1c- very Poorlv 
are nite coarse sorted 

s .::i n cl - r a n q r::.· f r o f11 



to c1ibbsite. clav 
forms matrix, cal.
c i t e CJ l- a i n s a 1 .. e 
altered feldspars 

W ·-· 1 1 ·- i a 1 ·<l 6 /. p L:i q i o c L a s e . 
30i~ j>jfff I 1 o;·~ Ca l.C j t0:• • 

9% cl.ay matrix, 5% 
op a ·~ u E~ s ; i"m F s a l- e 
.3 L L .:::; e 1- p e n t i n e .. 
opa~ues are al iqned 
p a r· a I. I. e L a s i f a L o n q 

b e d d i n g p I. a rH::· s , p I. <:t -

g i o c Lases are very 
altered to sericite 

W-·11-1a2 1% quartz, 16% pl.ag
ioclase, 20% ortho
clase, 27% VRF, 28% 
c I. a Y , 2 ;.~ o p .::1 ·l U e s , 6 ;; 
calcit.? _; the clay 
l- e p l- e s r.:::· n t s b o t h 
cement and alteration 
upon grains, cal.cite 
is feldspar altera
tion, VRFs are mainly 
plagioclase with 
altered clay ground-

~J -- ·j 1 -· i d 6 ;-~ ·:1 u. a l- t z . 2 0 i:: f e I. cl -
s p a r· . 8 ;~ f e I. d :s p <71 r 
altered to calcite, 
:) (-) i; \/ F~ F .. ~ 2 /~ c L a )/ .. 
12;~ po-ros i ty, T·:. 
SP.:."HTY ca lei te 
cement, 2% opaques, 

gibbsite, 13i:. MF\F 
< a L t e r· t~ d 111.a f i c 
g l- .:1 i n s ) , f o s :.: i I. s 
a r· e t o o 111 i c: r i -
tizr::.•d to identifv , 
VRFs are rlagioc:Lase 
phenoc:ryst s in -~1 

c I. a v c.i r· o u n cl 1,-1 ,-:i s s 

~! -·· 1 1 -- ; E· ; 2 ~~ ;~: f E• L d s p .::i l- I 4 ;-;'. 
f t:: I. cl s· p a r a l t e r· i::~ cl t o 
cal.cite, 17% VRF, 
'.2 :~. s Fi:F ( c h t'.'l- t ) ' 4 % 

L i th i c 
a r· kc s r::.· 

lithic 
al- k ose 

fel.cl
spathic 
L i th-·· 
ar·t:'n i te 

l i ·th i c 
a r· k o st~ 

s t o ne 

0 . 3 i (!)fl'! 

r11ed i U i1l 

s- .::incl ·
stone 

0 • 4 ·=-~ (1'1 ((1 

rr1ed i ur11 
sand
stone 

0. 22i1ll1l 

fine 
s <:1ncl-
stone 

(-) . i 6 ffl (1l 

fine 
sand
s tone 

R'::<> ') 
'-· ... ..... 

( ·:i. u e:1 l- t z ) t o 
F( =:3 .5 ( \/F;:F ) 

:::O . 4 i 
1,1J e I. I. so r· t e d 
i- c1 nq f~ fr· Of1l 

F: == 2 • 6 < f e I. d -
spa l- > to 
F:==3.6 <MRF) 

c-.:0.35 
ver y '~Jel I. 
s·o1 .. t eel 
l- .::1 ng e fr Oi1l 

F\===2.2 (pl.a

qi oc: l.ase) 
to f;:c-=4.0 
(VF: F~) 

==O .. 425 
ti.JE· L l .::: o r· t ed 
l- "'' nq e fr 0111 
Rc-;1. 2 
(fossi l.s) 
to 1;>-.:3.6 
( MFW) 

:-;() . 60 
rn o cl er3 tel. y 
w0l.I .:: o ·rt p d 
r· "' nsi e f : .. o r.1 



cl.ay grains, 4% MFff 
(st.~1--p ent i ne). 7i~ 

f o s s i L s , i i~ op a ·~ u e s , 
25% ca lcit e Caltera
t i on a n d c E· rn en t ) 

kl-11 ·-·i e:2 35% ft:? Lei spar. 27i:. 

Li.I ·-· 1 i ·-· i 

VF:F I 3i i~ c L.:1y I 7i~ 

opaques ; opaques 
occur as strinqers 
c o n c t-~ n t i- a t e d i n 
I. a ye i- s , r11 i no 1- g i b b -
site alter atio n on 
clay occur s as both 
alteration of grains 
and coating, VRFs 
a r· t:~ c L a '/ fll <.1 t i- i x 
W i t h f E• I. d Sp a 1- S 

2% quartz. 27% fel.d
s p a r . 2 (·) ;~ f e L d s p a r 
a L t e r t:, d t o c .::i L c i t e , 
1 t°;i:: \mF, i ;-~ sr~F, i 7% 
c I. a y .. T<. P en- o s i t y .. 
i 1 ;;: MF:F--, 3;.~ op .::1 ·:1 ue s; 
v ;:_~ ·!"" y a L t e i- e d s1 i-- a i n s 
i n .::1 c I. a y fi"1 .::i t ·!"" i x , 
MRFs are serpentine. 
0 p J 'l U E• S 0 C C u 1-

linearly through the 
1-- o c k , SF: F i s a 
f;l u.d c I. as t 

lo.) - 1 2 -- i d i ;-;: ·:1 1.l<H t z I :> ;-~ f E· L cl -· 
s p ,;i r· . 4 4 ~~ \/ r~ F , i i:. 
VRF al.tered to cal.-

Micrite, 11% MRF. 
1 % s p a ·r 1- y c a L c i t e 
c:r'"1c k inf i I. I.; fr.:"':' I.cl-
spars are under-
q 0 j n q l1l l! C h ( C/ 0 ;-~ ) 
c al.c ite and sericite 
.;:, I. tt.~r·.::: ti on. tlF:Fs .:::rr:..:• 
.-:.: c-:· r p ..-:~ n t i n e , fi"1 i c: r i t e 
r·r:.·prc•sr::.·n"ts both 
c i:~ 111 e n t a n d .::i : .. -:1 i n 
.::i Lter .:1·l ion 

lo.J ·-· ·1 ::: ·-· i c 11 i ~(. f i:, L d ~~; P .0 ·r , 4 ~~ 
feldspar a l tered to 

l I th i C 

a i- k ose 

L i th i c 
a r kose 

R==i .. 0 ( fe Ld-
~-;p a i- ) to 
R==3.6 <MFff) 

C• A 08111111 ::::0. 50 
very Mod erate ly 
fine 
sand
sto ne 

0. '?3r11r11 

coarse 
sand-

wel.L sorted 
·,- a n g e. f i- o 1n 

R=2.7 (feld
spar·) to 
R::::3.6 (VF\F) 

::: 1 • i 0 
p 001"' I. y 
sen· ted 
·,- .::1 n ci e f 1- o r11 
R=:?.0 Cfe ld·-
spar·) 
f~ ::::J A i 

to 
( l"if~F) 

vol.- 0 . 06M M =0.50 
can1c- coarse Modera tel y 
.;:, i .. c n i t e s i I. t - 1>1 e I. I. s m- t E:· d 

L i th i c 
a1 .. k ose 

stone ranqe froM 
F::=2 . (-) (f,:::-1.d
sp a i-) to 
F.;=3.0 (r·ff\F) 

0. 3.<~11"1fll ::::i. 03 
fi'1 •:.·cl i l.I. fll p Cl 0 ).. I. y 



calcite. 24/. VRF, 
i o; .. ; c Lay, 4% poro-
s i ty .. 17/. op.:iques, 
t ·r a c E· c: h E· 1- t , t r .:i c e 
s e 1- p en t i n e ; t h e V RF s 
have both pl.aqiocl.ase 
and Mafic minerals 
a I. t e i- e d t Cl c h I. D ·:- i t e 
and biotite as pheno
c i- y s t s i n a c L a y 

g i- o u n d 111 a s s " c L a Y 

f o ·i- r11 s 111 .3 t r i x 

W-12-1e 6% quartz, 4% feld-

l~J -- i 2 -·· ::_; c 2 

spar. 48% VRF, 3% 
c L a y· .. ;2 1 ;{: s· p a ·,- r Y 

cal.cite. 3;.;. qibb
site, 15;-{; fossi Ls, 
t i- a c e c a I. i c h i t e ; 
\! f ~'.F s a l .. t:.• p L a g i o -
c I. a s e -1- i c h , w E• I. L -
p l .. •?:! ~; >?. i- v E~ d f D s 5 i L s , 
s p -::n· i- y c a I. c i t e i s 
both cc·ff1ent .::ind 
a I. t e , .. .::r t i o n o f 
f t:.' I. ci s r a i- s 

-.. Ci"/ .. ._ ~ '" 
;2 i /~ 

1 9;.~ 

p l.c1-:,t i DC l..:)S•?, 

o i- t h o c I. a s e .. 
\tr-::F~. 24;'.: c Lay 
111a ti- i x .::1 nd 8~-:: 

g r-.:i i n s ) , 1 ;~ p 01- o -

.::;· i t >-' , 6 ~~'. M F~ F _; 
M F::F" s a ·r e b o t h 
altered amphibol.es 
and pyroxenes (3%) 
:3 nd serpent i nf.:>5 

( 2)/.'.) , 1JF;:F s have 
p I. a q i >J c: I. a 5· E~ p h .::~ n o ·
c 1- '>' s t s i n .::i n 
a I. t e i- E·~ ci .... t o .... c ~ a y 

q 1- o u n cl 11·1 .:1 s s , c L a '/ 

f 0 l .. fl) 5 fi'I .J t r i X 

c:· •/ 
_,; /11 

pl.,:i·;iioc:l. .;:1se, i/.'. 
ci·rthoc: l.asE·, 87;-;: 
v Fi: 1=- ' -4 ;,;'. c: I. -~l y . 3 ;,;. 
p o r o s i t y , t 1- c1 c ;;.~ 

MRF (serpentine); 
c I. a v fr o r11 s 'I: h t.~ 

v o L -· 
c,::in i c
a i .. en i te 

I.it hi c 
a i .. kos·~ 

\'Ci I. -
can i c-
.::il"•-::.·n i te 

s .,;1 nd
s t on0: 

0, 7 ;?.111r11 
coa i- SE· 

sand-· 
stone 

0. 1 6i1lfft 

fine 
.:::.:1nd--
5·tone 

0. J4ri'1ffl 
fl'tt?d i Uff1 

sci nd-
s tone 

soi .. t ed 
·r .::1 n q E· fr· o r11 

R :.-.: 2 • 0 ', f e l d ·
s Par) to 
F\= 3 . 5 (VRF) 

,-"1 • 50 
poo1- l.y 
5·01- t ed 
·r a nq .-=.· f i- Ohl 

R=2. 2 
( ·n1 a i- t z ) t o 
R,-.:3. 7 (\/Fff) 

:::: 1 • 00 
POOl .. l.y 
so·rtE·cl 
rancie 
F-:=2. 0 
SP al .. ) 

F-:==3.) 

fror11 
(fel.d
to 
Ci"l F\ F ) 

:::: i . 1 3 
p ocn· Ly 
sor· t c~d 
l .. an LI e fr· o 1i'1 

F;~ =<! • 5 ( f e I. d -
s p .:3 r > tc 
F: =~ 3 • :> ( M F: F~ ) 



i1L:3 iT i x . VRF ~; ,:n e 
ve·ry i- i ch in pheno
crvsts with mafic 
minerals altered 
t o b i o t i t e rn-
c h lo rite, plaqio
clases have a com
position ·~>f t1n9 
( 01- r~n31 ) 

W-12-2g carbonate rock: 52% 
111 i c i- i i: e .. 7 % f o s s i l s .. 
i ;-;: o p .::1 ·l u e s , 3 6 /~ 
feldspar, 3% VRF .. 
1% sparry cal.cite 
a I. t e r· a t i o n .. iT a c e 
MRF (serpentine); 
f o s s i l s a i- e f o i- a ri"1 s .. 
opa~ues are inside 
f oss i ls, VF\Fs have 
both pl.agioclase 
phr.·:·nocrysts .:ind 
.al t•:.:ir·ed to bi ot it•? 
and chl.orite and 
n1 a f i c 111 i n E~ 1- .:i I. s 

~! -- 1 2 - 2 f 2 ~~ 4 ;-~ f €:' l d s p a r· , 1 3 ;.~ 

feldspar altered to 
c:a l.c i ·tt:-, 36i~ \/Fff, 

~! -- 1 2 --:~ i 

i 6 i~ M F~ F . 7 ;{'. c I. a y .. 
i;-~ porosity, i;;: 
o p a ·1 u e s , 2 ~,~ c: .::i I. c i t e _; 
\JRFs have both pla
gioclase and mafic 
mineral phenocrysts. 
MF~ F s a 1- •? .3 l t e r· e d 
:·11 a f i c r11 i n er· .::i I. s , 
clav forms matrix. 
111 i no r q i t; b s i t c• 
al.tt?r-.:ition 

c l. .:iy; VF:Fs c-1·:-e P l..::1-
g i oc lase and mafic 
mineral. phenoc:rysts 
in an altered-to-
e L a v g r o u n d ff1 .:1 s s , 
trachYtic tex t ure 
in pl. . .':1 ciiocl..::1s•? 

Ph•?noc:rysts. -:11.l 

feld
sp .. :i·r
'(" i ch 
bi o·-
r11 i Cl" it E• 

( f e l.d-
sp.::1r·
r· i ch 
(fl tl d -
stone) 

feld
spath ic 
I. i th-

0 A ~~Oi1lii'I 

fine 
S.Jnd-

.c1renite stone 

VD 1.- 0 ... 42m111 

c: .:i n i c ·-· 11'1 e d i u m 
.:1tt:!n it;._~ sJnd-

stone 

=(-)A50 
i1W d e i- .::i t e l y 

~'JE• I. I. 501" t ed 
i .. a n CJ e f ·!'" o 111 

F~=i ·' ? ( f E• Ld
s·p .. 11-) to 
F~=~3.8 <MFff) 

::-~o . so 
111 o cl .o~ i- a t e L Y 

s en- i: e cl 
r· a n q e f i .. o 11·1 

F-: "= :2 A 2 ( f e I d -
.s·p.:i·i- ;i to 
F;=c 3 .2 (\J F:F·) 



mafics a re altered 
to biCiti tt::·. Hw 
cl.ay represents both 
matrix and a~tera
tion on VRFs 

W-13--1b i 16 /~ ft:·l.dspar· , 60/~ 

\/RF .. i Oi;'. c La v, 61. 
p o i- o s 1 t y , 5 ;,~ o P a ·1 1.1 E· s ; 
VRFs and fel.d sp ar 
have much feldspar 
a l t •? 1- a t i o n , c l a y 
represents matrix, 
VF\Fs a Lso ha 'l/e 
a I. t e r e d - t o -- c I. a y 
CJ i .. CJ u. n cl 111 a s s 

W-13-1b2 10% plagioclase, 69% 
rn .. t h o i c l a s '-"' , 6 /.'. c a L -
cite, 7;.~ c l.a'l, 8;·~ 

VF<F, spar-i-y ca Leite 
occurs as cement, 
cl.ay occurs as rims, 
trace of qibbsit9, 
iii i no i- f e l. cl s P a ·r 
al.teration, seE) 

cal.cit•? \.'ein infil l 

W - 1 3 -- i c ; \/ F: F. : 3 (-) i~ p l. -~·, q i o c l .::1 s e , 
11.MRF .. 61.: c La y, 3% 
c: a I. c i t E· , ~~ ;-~ o P a ·1 u c:· s , 
5 8 ~~ q r o u n cl 111 '" s s ; f e I. d -
spa·f"s havE· ff1ino·r 
calcite (3i.'.) and 
sericite alteration 

W·-13-1 c2 VRF: 30% plaqiocld se. 
1 i % M F: r I 5 tl ;-~ q r Ci u n d -
fl) .:3 s· s .. ~ i~ (j p a q u. t-~ s .; 
\/Rr has both maf ic 
rnine r al ancl plaaio
cl.ase phenocr ys ts , 
zonation pronounced 
in thE::~ f;:;.· l.dspar, 
C 0 IJ°I p 0 .:> j t i 0 l'l 0 f 
1~ n ~l ( o 1- An 3 0 ) 

W-13-1c3 VRF: 30% plaqioclase. 
6 ;~ ;~ q 1 .. o 1.1 n d 11·1 a s- s , 7 ;;'. 
l1 F\ F .. 1 ~<: o p a ·1 u e s _; h .::i .._,.. e 
both p L.::i q i oc I.as:=.· and 

\'Cl I. -
can i c ·-· 
.::1 i- f:." n i i· e 

c I.a st 

c Last 

c Last 

0 A 2 0 111 (J"J = 1 A 6 0 
f i nE· poor l y 

sand ··
si:one 

0 A 05fl'lffl 

sen- ti:::· d 
r::inqe 
F\==2. i 
SP a i-) 

F\=3. 4 

fr· ori1 
(fel.d
to 
(\/RF) 

:: () .·. 7 3 
coarse moderately 
sil.t - soi .. ted 
stone range from 

F\ ==2 .• 3 ( p l.<.-i
q i oc Lase) 
to F;:=3.3 
(\/RF) 



mafic mineral s rh eno
c. 1- y s t s i n .:; n a I. t €· r d -
to-clav groundmass 

W-1 3- id 30% feld s par, 22% 
feldspar altered to 
calcite, 42% micrit e, 
4% s parr v vein cal-
c i t e , i ;.~ o P <:l ·1 u E· s , 
·j /~ c L a '/ .; iii i c ·r i t e 
occurs as cement 
and grain altera-
t i on , t 1- a c e 11i i c r i --
ti zed fossi L 

W-13-idd VRF : 35% rlaqio
clase. 3i~ c .:31.cite 
<:1 I. t e ·1- a t i o n , tS 2 ;.:, 
ground mass; ground
r11 .::i s s i s a L I. c I. a y , 
find a I. b i t e h.i.1 ins 
1J.J h i ch y ii::~ I. d corn-
p os it ions of Ani0 
( Ci i- ?'1 n 2 s> ) 

W-i4-1a2 VRF: 5% feldspar, 
i 2;-~ fe l.dspar· 
a L t e 1 .. i::-:· d t o c .3 I. c i t e .. 
60% groundmass, 2% 
cal.cite vi:-:· in infi LL, 
~();·~ g i bbs i tr~. i ;.;, 
calichite 

l.i) -- i 4 -·· i .::'! 3 \IF: F : 2 ~) i.: f 1;;• I. cl E p d 1- ' 

5% feldspar altered 
to c:a l.c: i l:e, t;3;:, 
groundrnas::.-;. 7!~ 11"1a f i c: 
ri'1 i n e r .:i L p h E· no c. ·r y s t s ; 

c1 r· c:i u n d ff1 ,.;i s s i .'; .::i L L 
.:i I. t el- 1? d -· t o -· c I. .:1 / 
Cl'i"OU.ndff1,;i::_;5 

~j -- 1 'l -- 1 C 1 2 ;-~ P I. a q j 0 C I. El .:;: E• , ~:; ~·;'. 

orthocl.-:1;;;·::-:, 72/:'. Vh:r-- .. 
2 ;.~ i'·l r-:: F. .. i 9 ;~ c I. .::i y ; 

c: L 21 v f o i .. ff1 ..._-,. :r1 .:;:: t r i x . 

VRF 99% al.tered to 
·=1 i bbs i te. fi:? l.dsp,;irs 
<:i 1- e r 1?:.' I. .::1 t i v c· I. v 
l.l n a L t e 1 .. t-> d . c I. .::1 y 

f o r ii": s it'1 a i: )- i x d n d 

c I.as t 

cLast 

c:l.ast 

.._,, o L --
c: an i c -· 
.:1 ·r E" n i t '7'' 

0 ., 'j 4r1Hli ==0. 38 
fine well sorted 
s a n d - F::::: 2 • fl 
stone 

cei .::irsr:::· 
s.:?i nd -· 
Eton1::'· 

vt:~rv poor· Ly 
sorted 
r .:?I nq 2 fl- or11 
F: <?. .. 2 ( p I. a -
q i oc l2i s·e) 
t o F;: ::::: it ·' i3 
( i'lF\F) 



grain a lte ration 

LiJ -- i 4 - 1 c ::~ 7 4 ;{. VF: F , 2 i ;.,: c a I. -
ci t e (bo th mi cr ite 
::1 n ct s p a l-J y ) , i i~ 
c L.ay, 3 % MF.:F .. 1 % 
f o s s i L s ; s p a n - Y 
c .a L c i t e f rn .. 111 s 
c e ui e n t ( i 'I 1; ) , 
iii i c 1- i t e i s a I. t e i- -

ation of VRF and 
p o i- e ·- f i L L , f o s s i L 
is e chinoid, MRF s 
ar·e a I. ter· t:~ d 

aff1Phibol.es 

W ·-· 1 .:, ·- i b i ti- a c e q u. .:i r t z .. i 0 /.'. 
feldspar, 13% fel.d
s p a r a L t E-? 1 .. E~ d t o 
ca Leite, 66i~ VF:F--
{ 1 i~ alter·ed to 
c a I. c i t e ) , 4 ;~ c L a y 
rim, 5% porosity, 
2 ;~ op a ·l U E• s ; \IF: F s 
are mostly plagio
cl.ase phenocr ys ts 
l>J i t h «3 f e tJJ i1l a f i c 
mineral. phenocr yst s, 
plagioclase has An9 
( o r ~~ n 3 2 ) c o 11"1 p o --
sit ion 

w- 1 6 - i b 2 3 ;-~ ·:1 lJ..:H t z I 2 8 ;{. 
f e l d s p a 1- • 8 /~ f '"' I. cl -
s p a i- a I. t e 1- e d t o 
calcite, 8/. MHF 
C s e 1- p E· n t i n i::~ ) , 1 i:: 
S Fff ( c h En- t ) .. i 0 /~ 
c L .::: y 11i .::i t r 1 x , i 0 ;-~ 

.:i l h:1n?d to c l. ay 
r.;.1r.:iins, 29;.~ \/F;:F, 
3 ;-;: o p .:i •1 u E~ s ; V f ff 
p h en o c r y s t s .:::i 1 .. r::.· 

p L a g i o c I. a s t:· ·~1 i t h a 
f e '>! i ii .:i f i c r11 i n E· r .::: I. 
Pht:'nDcr vs ts. c l. .:::y 
gr ai ns a r e ~ Lte re d 

VF.:F s 

I;! - · 1 6 --2 E• 2 ;.~ ·~ U .::J r t 1. , :?) (-) ;-~ 

P l. .::1g i o c l. ,::ist:~ . ::23 ;1~ 

vo l 
canic-· 
.:irE·n i te 

2. 30rnr11 == 4. 2 5 
qranul.e e x tremely 

poor l. y 

f e I.cl
s p a t h i c 
I. i t h 
a 1-e n i t e 

0. 3 i flH1 l 

rned i urn 
s a n cl 
s t one 

f e I. ct - 0 .. (-) 9 rn i1l 
s p a thic very 
l.ith- fir·,,:_;i 

-::l i- e n i t e s a n d -
s to nr~? 

s01- t ed 
ranqe fro i!l 
R::::2.5 <MRF> 
to F\==4.5 
(fossi l ) 

:=0 A i 3 
ve i-y we I. L 
soi- t ed 
1- a n q e f ·r o rn 
F.::=2 .i (fe l d·
spar) to 
R= 3 . 2 CV RF ) 

:::O A 75 
mo derately 
sorted 
r a n g e f 1- o 111 

F:::: 2 A 2 
( ·1 u a r t I ) t o 
F:<.~ .•';) 
( M F~F / VF\F) 

I. it hi c 0 o"• i 3 (1"1 (fl : : 0 A tl 8 

ar k o .s-0~ fi ne mode r atel. Y 



or thoc l.ase, 1 s;1~ \/RF, 
9i~ c l.ay , 13% cal.cite 
ceMent, 2% opaques. 
6/~ i'rnF; the \IF;:F s en- e 
P l.dg i oc: Lase 1,1.1 i th 
.;j I. ti::·ri::~d--to-c Lay 
g , .. o u n cl 111 a s s .. p L a g i o -
clase angl.es yield 
An1.:, (or 1~n24) 

c o 11i p o s i t i on 

W ·-· i 7 - 1 a i i i /. f e I. d s p a i- .. 6 4 ;-:: 
\u;:F, t:;:. c Lay, i 6% 
fe l.dspar ce1Y:ent .. 
i ;~ o P .:i ·l U. •2 s ; \IF'. F s 
.:?J i- e .::i I. 11w s t a l I. p L .:i -
gioclase phenocrysts 
in an altered-to
clay groundwass with 
lf1 i no r q i b b s i t e 
alter·ation, cl.ay 
inf i l Ls c:r· .~1c ks, 

c e (i'1 •-:3! n t i s .:i I. b i t e 

W-17-ia2 92% srarry feld
spar (both ceMent 
and altered fel.d
s p a 1 .. s ) , i ;.~ p or o -
s i ty, Ti:. ora·:i ues; 
one.::• fel.dsp.:ir·s 
t.vith c.Jlcite 
cernent but now 
eve i .. y f c~ I. d s r a r 1 s 
alterc·d to calcite 

W-17-1bi VRF: 6% plagiocl.ase. 
7;-~ Oi" th oc I. .:i St? I 

c.irounclff1ass .. 2/~ 

r) c:· ... " 
Q_j /u 

op .,71 ·:i. u es ; rn i no r 
.alteration on fel.d
spars to cal.cite 

W-17-1b2 trace quartz. 21% 
f E· I. d s p "' )" I ~> ;·;'. f f:' l d -
s p .:i r a L t 01 n:~ d t o 
ca l.c i tr:::·, {;t;i.'. VF'.F., 
trace serpentine. 
t i- ,,, c e c h e r t , 3 ;.~ 

clay, 3% porosity, 
2 ;~ 11i i c ·:.. i t e ; V r-< F s 
have both plaqlo-

v o l ·-

.s·ancl
stone 

0. i 4fflf1l 

c a n i c -- 'f i n e 
a i- t=.C' n i t t-! s -:3 n d -

stone 

-:.1r·kose 

c I.a st 

.:{). i 5 ill ill 
f int:~ 

s.::.:ind
stone 

sort eel 
i- a n q e f i- o r11 
R=2.i (pla-· 
qioclase) 
to R=3.5 
(MF\F) 

c-::0. 30 
VE·ry we LL 
soi- t ed 
r ::1 nq E· fr 011i 

R:.-::3.3 <VRF) 
to F\==2.7 
(fel.dspar) 

c-::0. 25 
vei-y 1~ie I. l 
sorted 

(feldspar) 

ft:~l.cl ·

sp.:ithic: 
l i th·-

() • :?\ 0 l'i'I Ii'! c-; () • 4 3 
ii'1 i::" cl i u 111 1.ii e I. I. s o i .. t e d 
sand- ranqe froM 

F~:::2.'.2 (\/F.'.F/ 
f i::~ I. d s p a i- ) 

to F~=3.0 

( MF"F) 



c I. .::1 s e a n cl r11 <.1 f i c 
Mineral phenocrysts. 
twinninq anqles 
, .. e v r::.· .:.1 I. ?~1 n 1 0 ( 0 , .. 

An20), trace s1 i bb·
s i t e , c L a y for r11 s 
111 a t 1- i x .• p o , .. o 5 i t y 
1- e f L e c t s c L a Y 
dissolution during 
thin section con
struct ion 

W-17-1c trace quartz, 12% 
pl.aqiocl.ase. 4% pla
giocl.ase altered to 
calcite, 75% VRF, 
1% VRF altered to 
clay, 7i.'. cal.cite 
cement, 1% cal.cite 
p o i- e f i L L : .s· p ,:HT >1 

c<:ilcitt:· C•?il'1ent, VRFs 
have both pl.agio-
c I. a s e a n d "'a f i c 
mineral phenocrvsts 

W-17-ie 5% feldspar, 63% 
\IR F . 1 /~ MR F < s e i- p ·

en t i nie·!) , 1 ;,~ SRF.. 6i~ 

c e111i:~n t, 1 3% pen e-
f i I. I. , s;~ q i b b s i t e , 
3% cal.ichite: cernent 
is sparry cal.cite, 

1110s t VRF s .::n-1::· 
.:.1 I. t e r· •? d t o b .;:, u x i t e , 
plaqiocLa.::;e angl.es 
reveal compositions 
of Ani8 (or An27), 
A n 2 O , t, n 1 cl < o r· 1~1 n 2 2; ) 

W-17-1f VRF: 47% feldspar, 
45% qroundmass. 8% 
feldspar phenocrysts 
.01 I. ft:·:·, .. t:~ d t o c .J L c i t e 

w--1 7-1 h 49% feldspar (47% 
pl.aC1ioc:l.ase. 2:~ 

or·thoc I.as>:.~), 26i:O 
VF\F. 1 c./~,~ c Lay .. 
2 ;.~ C. h r:.·:1 ( t J ·4 ;·;: p CJ ·1- Ci .... 

sity; \/f.;:Fs a ·i""e 
<11.:i i n I. y p l Et q i o c I. d s E• 

vol
c.:rn i c ·
a 1- en it e 

'JO l-·· 

(-). 4 i it'til'I 

ltlt~d i Ufll 

sc-1nd
stone 

i . 1 0 fl'I (fl 
c.01n1c- verv 
.:iren i te coar SE·' 

sand·
st one 

c l.<:1 st 

I.it hi c 
a, .. kose ltled i Ufll 

s<:·1nd-
s· tone 

::::: ()A 75 
r11 o d e r a t e L y 
s 01"' t t:·d 
r a n q e fl .. o <11 

F:==O. 5 
< q u a 1- t z ) t o 
R:::4.i <MF\F) 

:::; " 75 
poor I. y 

sorted 
l .. a n g e f l .. Ci fil 

F\ :: 2 • ~; ( f E· I. d -
S'par> to 
F\ == 3 • 8 ( V F.: F ) 

=-~ 0 .. :rn 
1t'1 o cl t-~ r a t e L '/ 

wt:~ I. I. :; Dr t e cl 
ra n q e f ro i.1 

r::==2.i ( pl. a-
q i oc Lase ) 
i: D F;; :::: :) • 1 



Phenacrvsts with an 
a I. te ·i-ed-to-c I.av 
qroundmass. minor 
ca lei te a l.te ·i-at ion 
on the ft:.1 1.clspar·s, 
pl.aqioclase an ql.es 
indicate An11 (or 
An29) composition, 
c l.::: >' i .. e p 1 .. E· s e n t s 
matrix and grain 
a l t e 1- a t i on 

l<J-17 -2a 84;~ VF:F, 15/.: ca L-
e i t e c i:~ fll en t , 1 ;.<, MR F 
( SE·r·pE.•nt i ni:~); 'Jj;:Fs 
.J n~ a l t E· i- e d ·-· t o ·-
c a l. c i t e f e I. d s p a 1· 

Pht:.•noc:r·vst s in a 
c I. a y CJ 1· o u n d ma s s , 
s p a 1· r y c a L c i t e 
rn a k •?! s u p c E· :i"1 ;::_. n t 

l.i.1 ·-· i 8 -· i c c a i .. b o n a t e r o c k : ~5 /~ 

feldspar with onl.y 
minor alteration, 
24% altered VRFs; 
(1l i ci- i t e 1;..1 i t h f o s s i L s 
not icientifiabl.e 
(if present) 

~J ... i ::l -·· i d tl ;.:, 'l \1 cl 1· t Z / i ti ;;: f t·:• I. d -
s p a l- , 6 /~ f e I cl s P a 1· 

al.tered to calcite, 
8% VRF. 3% MRF (ser
p1?.:!nt i ne) I s;.~;~ c Lay I 
5 ~<: o p a ·1 u e s ; t h e c I. a '/ 
is both matrix and 
VRF alteration, feld
s p a r s a 1- e h i ct h L y 
a I. t e i .. t~ d t o c a l c i t e 

L~ - 1 9 -·· i a t 1· a c e 'l u a 1· t <. , 7 i~ 
p L.:1q i oc L<.1Se, 2/:'. 
o:::i 1· t h Ci c I. a s E~ , 7 A ;·:: V F: F , 
5/~ MRF, 12:~~ c Lay: 

VRFs are pl.aqioclas~ 
rhenocrvst-rich with 
an al.·tered -to-cl.ay 
qrounclff1ass .. fe 1.d·-

vol- too 
canic·- co.~11-se 

.:: 1· en i t e t o d e --

pl.asiio
c L .;:, SE·, 

\/f(F·-· 
bea1 .. 1 nq 
fil i c: i- i t e 
(pl.aqio-·· 
cLase-
\1 F: F r11 u ci -
:::.;tone) 

I.it hi c 
~Ir' k Ci Se 

t ei- li'1 i ne 

0. 021i'JfJi 

111ed i ur11 

5 i I. t -
st one 

(\/RF) 

=i.,~>O 

p ()0 i .. l )I 

so·rtE·cl 
r a n q e f ·,- o r11 

F'.= 1 • 9 
( '1 u .a r· t z ) t o 
F\:::2. 5 ( ~mF) 

vol.- 0.44mm =0.88 
canic- medium moder.atel.v 
arenite sand- sorted 

stone ranqe from 
F:=i ., 5 ( p La-
ci i oc Lase) 
t C! ~:<~ . .5 
(\/F~F) 



W-· i 9·-1 b 

spars are fairlv 
unaltered, MRFs are 
s e ,- p t~ n t i n e . c L a v 
f o i- rn s r11 a t l- i :< 

1 /~ f e I. d s p .:n- . 'i 3 ;~ 

VF::F, ii~ VF.:F .::i L tered 
to cal.cite.:?./~ cl..::iy, 

ii:: calcite pore 
fi LL, 2/. gibbsitt:.' .; 
see a trace of a 
fossil, gibbsite is 
alteration on VRF 

W-19-2c 20% pLagioclase, 
i 9'.:·;'. rn- th oc L.::1 sr::·, 20;-~ 

fel.dspar altered to 
c a L c i t e • 7 i:. 0 p d 'l ILE•.;; • 

2% c.::ilcite, 32/. c:l.a'/ 
( b o t h g 1 .. a i n s a n d 

111 a t i- i x ) _; o p a ·1 u t~ s 
o c: c u 1- i n I. a v t:· 1- s , 
.::i I. 11·1 o s t a I. l o f t h e 
calcite is at I.east 
p a ·1- t i a l L y a L h::' r· e d 
to calcitr::~ 

kl ·- 1 9 - 2 e i ~(. ·1 u a r t z , 3 0 i~ f e L d -· 
s p .:i i- , 6 /~ f e I. d s p a r 
altE~·red ' to calcit1?, 

W·-· 1 9-?q i 

( c h e i .. t ) .. 4 :.:;; M t~ F .. 
i i ;:, c. I. a y , i ;-~ c: .:i L c i t f.· 

por1::-~ f i LL _; c: l..::iy 
f o ·r rn s 11"1 a t l- i x a n d 
a L tt:.TE~d sFa ins, \/RFs 

h,::1\'i:::· p l..::iq i DC: l..::isr::.• 
phenocrysts in an 
.::1 L t e r· 1=.· d -- t o -- c: I. .:~ y 

groundmass, Mav be 

the beginninqs of 
phy· L Los i I. i C:.J te 
C E~ff11'!.•n "I: 

p I. -o·: q i o c I. .:;i s i:.~ . :> ;.;, 
fel.dspar a lt ered to 

c.:1 l.c i te J 3,f:,;;. vr:.:F I 

i~~/:'. c:lay, i4/;'. i'if-\:F. 
2 ;.;, o P .:;, ·:1 u e ~; ; t h i c k 

cl.av coat surrounds 

vo L - 0. 40ri'1i1l 

c a n i c - rn e ci i u rn 
.,;irenite sand-

.::i1 .. kose 

felcl-

stone 

0. 2 i itlill 

f i nE? 

s J ncl
s t On•? 

0. i 5rn111 

spathic finE• 
l i t h ·- s a n cl ·
a ·i- t:! nit e stone 

fel.d
sp.::ith ic 

I. i th
an::·n it e 

0 . i 2 ill ff: 
ver·y 
fine 
SE1nd

stone 

:::: i . i 5 
poor I. y 
sen- t ed 
l- a n q e f r o 111 

R=2.2 <feld
sp a 1-) to 
r.:~-=3.7 (VhF) 

:::: i . 00 
p 0(J1- I. y 

soi- h:?d 
i- a n q e fl- o r11 

R:.::3 . 2 (pla
giocl.ase) 
to F\ :=3.8 
( o p a ·:i. u e s ) 

:c;O . 60 
r11 o d E• r .:i t E· l y 
we LI. sorted 
i- a n q e fr o 111 

F\:.::i.O 
( '{ U <H t Z ) t 0 

R=3.7 CMl-:F) 

:::(). 38 
l>Je LI. sorted 
r· a n ci e f l .. o ill 
F.;::::2.5 (p I.a
ct i oc Lase) 
t 0 f~:::3. 0 
( Vf-\:F /MF\F) 



a L L Cl i- a i n s . m;· F s 
a 1- e s E· r p en t i 111::.· • 

VRF phenocrvsts are 
mafic mineral-rich, 
fi"r a y b e b e g i n n i n g s 
of phyl.l.osi l.icate 
cer11en t 

W-19-2g2 2% ~uartz, 47% 
feldspar, 2% feld
spar altered to 
ca Leite , 16;~ VRF .. 
9;.~ MF:F, 16;·; cL.:iy, 
5 ;{. ill i CT i t e , 3 /~ 
calic:hite; cl.a >' 
f 01- r11s frla ti- i x , \/RF s 
havro:- p Lag i oc l.~rse 
p h t·' n 0 C ·1- }' 5 t S l.1,I j t h 
an al.tered-to-cl.ay 
c.1 r· o u n cl 1r1 a s s , M f-\'. F s 
are serpentine and 
pyroxene. mav ha ve 
beginnings of 
Ph'/ll.losi Licate 
c errlc•n t 

W-19-2g3 25% fel.dsPar. 9% 
f E) I. cl s p a i- a I. i: e i- E~ cl 
i:o c.a l.c i ·ti.::· .• 43% 
VF<F, iii~ cl. -::iy 
r11 a iT i x .. 4 /~ a l t er· e d 
ci 1 .. a i n s ( t o c I. .:i Y ) , 

3% opaques, 5% MRF; 
op a ·1 u. e ci a I. i g n e d 
parallel to bt-:·dcl i ng, 
much al.teration of 
p l. .::1LJ i oc las·e in VF\Fs 

W-20-ia 5% quartz , 10% fel.d
spar, 12/~ feld spar 
al.ter ed to cal.cite, 
1 /~ V R F , 3 7 ~{, a L t e r· <:~ d 
to c: Lay 
MRF. 4!~ 

. .· "' g 1- .:1 1 n s , .j 1~ 

fossi Ls. 
2 ~) ~·~ 0 P .:,i 'l li E• 5 i f 0 S S i I. S 

a r· e f o 1- a r1i s .. c: L ,;i >' 
q r .:-1 i n s a i- ,~. p ·,- i:; b -=i b I. >' 
r e L i c t \/ F~ F s 

W-20-ib 5% quartz. 13% fel.d

s P a r· .. 2 31. f e I. d s p ,3 r· s 

I. i th i c 
a,- k ose 

fel.cl-

0. 1 3111(1) 

fine 
s.:1nd
stDne 

0 • 1 1 l1li1l 
SP d t h i C '/I~)- / 

lith- fine 
.:i 1- E• n i t e s .;:1 n d -

stone 

:::: (),. 63 
lr'r o d t:' i- .:i t e L y 

1;J e L I. so r t e d 
r· a nq e f ·,- 01'i'1 

F: :: i . 6 
(quai- tz) to 
F:=<3 .. 2 (\/F'.F) 

:.::L'JO 
p 001- I. y 

s·orti::?d 
·,- .:i n q t.-:· f ·,- o irl 
F\:c;2. 8 ( f e l d
spa·,-) to 
f~:.::3.6 (VRF) 

.:1rkos;? 0 • 0 :; fl'! fr'r = 1 • ~) 0 
c:oar5:;e poor Ly 
s i I. t -- ~;· o r t f! d 
stone range from 

( ·1 u a r t z ) t o 
F:=~ 3 .. 6 ( MF:F ) 

fel.d- 0 .5 4MM =0. 75 
spathic coarse ModerateL Y 



d l t e ·r e d t o c a l c i t E-' • l i t h ·- ~; a n d - s·o1 .. ted 
3 4 % V FY , i i~ SR F ( 111 u d - a i- en i t t:! s t one ·1- .:1 n q ~ f r o iii 

R= 2 . 1 clast), 11i~ clay, 7/. 
MFff, i;~ qibb s ite, ~-:ii~ 

micrit iz ed grains; 
111 a n y f E· l d s p a r s 
( 11; a i n l y p I. .a q i o c l a s e ) 
and VRFs in a clay 
matrix, MRFs are 
se rpentine, pl.agio
clase angles reveal 
c o r11 p o s i t i on o f 
.~n2 (or An32) 

W-20-if 19% pLagiocl.ase, 

t,l-·20·-· i h 

8 ;-:: 0 i- t h 0 c L::i s E~ .. i % 
VF:F I ii~ MF'.F I 2i~ 

SRF, 11% clay grains. 
4 0 i~ in i C l- i t E• , ::; % 
PCffOSity .. 1371~ clay 
111 a t 1.. i x , t ·r a c e f o r .:1 111 s ; 
pl.aqioclase angles 
( .:i l b i t e ) l- e v e a I. 
i'.'h1 i 3 , A n 2 ( o i.. tin 3 4 ) , 
t 1n6 (or An34), the 
Micrite is micri-
t i :::;:~ d g i- a i n s , t h e 
c L a y SJ i- a i n s .::1 r e 
probably altered VRFs 

i ~'5 ;-:: o r· t h o c L .J s e , 1 4 % 
p l.aq i oc las1.:.•, ::'.6i~ 

VRF, 37/~ c L"lY. 4;-:; 
cal.cite vein infi I.I., 
13% sp.Jrrv calcite 
c i::.· 111 i::! n t , ~;: ;.~ d r-;: F ; c L .:i y 

represents altered 
q i .. a i n s ( p r o b .::1 b I. y 

onct:.' \/F(F) 

W-21-ia carbonate rock : 28% 
fe Ldsp a r , 69;:: ff1 i c·-
·1- i t t.·:• ' 3 ;·;: Ci p .:;, 'l l.l t?• s i 

111 i c 1- i t e i s c t:~ i1l e n t 

l,1 ·-·2 1 ·-· i e 1 'l· !. ·1 u .:.:ir t z , 3 7 % p L i.l ·
g i o c I. a s E· , 6 ;-~ o ·r t h o -

c L ,:i s C' , 3 'i ;1~ V f- ~ F , 2 i :.:.:; 
111 i c r i t E:· . ~~ 1 ;.~ i1l i r.: r i t e 

(both qr.::1 ins .::ind 

f e I. cl·-· 
spathic 
Li th-

.:J r •7!n i te 

f,:_~1.cl-· 

S' p .::1 ) .. 

ii) i c ( i t ,~, 

( ill u. cl -
stonr:.") 

Li thic 

( ·1 u -:n· t ;: ) t o 
R=4 . 0 (MF.:F) 

0 ·' 1 9 111111 :::: (-) • ~} 5 
f i n e rn o cl e 1- a t e l y 
s.:::1nd
ston e 

0 • l 6 f11 l1l 

fine 
.:;·and
steine 

0. i Sr11r1i 

f i n1-::.· 
sancl
st one 

1,1)1? l L scff t ed 
i- a n g e fl- o 111 

F:::::2.8 (p l. .:1 -

qioclase) 
to F:== 4. 5 
<MF\F) 

c-;i . 00 
poorl.v 
soi- t ed 
r a n q £, 'f l- o r11 

R<?..0 (fel.d
spar) to 
R==3.2 CVRF) 

c-; ( 1 • 38 
~,J ;:_~ I. L s o 1 .. t e d 
1- a n q e f 1- o rn 
F: == 1 • 'i' ( f €'.· I cl -
spar) to 



c E· 111 en t ) 1 % o P a ·1 u es ; 
VRFs are altered-to
cl.ay groundmass wi t h 
both plaqioclase and 
mafic Mine ral pheno 
c 1 .. y st s 

W-21 -1e2 27% feldspar, 25% 
feld s par altered to 
calcite, 23% VRF, 
6;{. t--mF, 16;·~ ca Lei t .<? 
C E• l1l t~ 11 t , 3 % p 0 l .. 0 S i t '/ ; 
fel.dspars are 90 % 
a L tt~ l- e cl t o c a L c i t e , 
vr::Fs have rnc:.ist l.y 
pi.aqiocl.ase pheno
c:·rysts in .::in 
.a L t e 1- e d - t o - c L a y 
ff1 a t :- i ~( , c I. a y ·r i 111 s 

a 1- o u n cl t h E~ s.i r ,] i n s 
MRFs are serpentine 

W ·-· 2 i ·-· 1 f 1 1 3 i; p L a q i o c L .::1 s e , / -x V/ 
I ·--' .t. 

o·r th oc Las•~'!, i ·-:; ;{. 
feldspar altered to 

VRF altered to cal
c i ti:::·, :-;;~ MFa--, 6;~ 

c L .::i Y , 1 3 i:. s P .::i , .. , .. y 
~) i~ f:) j C r· i t E! , t "( .:·r C E1 

c h E·~ 1- t _; t h e ii: i c r i t e 
·r "-~ p 1- e s 10 n t s f D s s i I. s 

c: o 111 p L t-' t ;:_:: I. y a L i: '°" r e d 
t o i11 i c ·r i t e , c I. .::1 y 
f () l .. III s i- i f1) a 1 .. 0 u n d 

grains, VRFs have 
plagioclase pheno
crysi: s in a c l. .J'/ 

groundmass. plagio
clase coMpositions 
a 1- t:~ An 1 4 ( o ·:- (~ n 2 6 ) 

W-21-1aa 23% feldspar. 30% 
feldspar altered to 
cal.cite, 10% VRF, 
1:~:'. SF\F (cht.:·rt), 2!~ 

cl.ay riM , 11% sparry 
calcite cement. 1% 
poro s it/, i4;~: 

rn i c r i t e . fj ~;'. M f ~ F . 
feldspars are verv 

L i th i c 

L i th i c 
a 1- kose 

I.it hi c 

0 . 1 S;nrn 
'fine 
s-:1ncl
stone 

0. i 71i'lfl1 

fine 
sand
stone 

0 ·' J111'111'1 

f11ed i ur11 

sand
stone 

R:::2. 7 
( ·1 u a r -t z ) 

:=:() . 30 

v e 1- y ~'' e L L 
soi- t eel 
·r a n q e f i- o ri'1 

R=2.i (feld
sp a 1-) to 
R=-;4.0 (!'iRF) 

:-co. 37 
wel.I. sorted 
r a n g e f 1- o ff1 

F:::::2.4 (fel.d
sp ~11- ) to 
F: =3.9 <MF\F) 

::-ci.05 
r 001 .. I. v 
sort E:~ cl 

r,1nqe f ·rorn 
F: ::-c 1 • 9 ( f e I. d -
s- r a r) tc 
r;:=~3 _, 6 ( VF:F) 



W·-·22 ·- i b 

W -· 2 :"2 ·-· i e 

li.l·-·23- i a 

a l t e i- t:~ d t o C:3 l c i t e , 
Micrite represents 
a I. t •?. ·,- P d q l" a i n s 

2 2 % f e L d s p a 1· . 5 i % 
tel.dspar altered to 
c a L c i t e .• i 5 % s p .:.:i n- y 
cal.cite cernent, 
5 % op '-' ·:i u es .• 3 /~ c L a y .. 
4;,; MF~F. r11 i no·,-

f o s s i L s _; op a ·1 u E~ s 
oc c tu- as i n f i I. I. i ng 
of fossils, diffi
cult to distinguish 
b i:::· t wet:-~ n f e L d s p a i-
a Lt ere d to cal.cite 
cement, MRFs are 
5E"t"Pent i ne 

3 q-:1 
J •'A 

p l.<.~g i oc Lase, 28i~ 

c Lay .. '7'% ca Leite .• 
i 0 ;.~ o p a ·:1 u e s , 7 ;~ 
MRF (serpentine), 
7i~ toss i l.s i c Lay 
o c c u r· s a s i1l a t 1· i x 

and as grain al.ter
ation, plac.iioclase 
is fairly unaltered, 
f o s s· i l s a 1· e 9 L ob o -
gerinid and echino
d e 1· iJl .:i t a .. c a L c i t e 
o c c UT s a s p 01· e 
f i l l ~ind ve 1 n 
inf i l L 

5% f E~ lcisP.:'ff, 4/. 
feldspar altered to 
calcite .. i:i~~ \/Fff. 
7:5;~ c Lay, 'I;~ t-mF. 
i %: o p a ·1 u e s . :2 ;~ 
foss i Ls; f•::.· l.dsp.::irs 
v e r· '! a l t e i .. t:·: d t o 
calcitE•, fossils 
.:i r t:·! f o r· .::i i11 s .• p I. a q i o ·

c I. as e compositions 
.::i r· 1? ,~ n i :2 ( o i- ,'.~, n 2 (, ) 

f e I. cl s p a 1" , 4 ~{. f o s s i L s . 
3 ;~ D p a ·1 u E· s , ; 0 ;:, M i:\'. F. , 

a i-- k ose 

ar·kose 

f e I. cl·
spat hi c 
I. i th·-· 

0. i Sil'1i11 

fine 
sand
stone 

0 . i .S rn r11 

fine 
sand
s t Cl':l•?. 

0. 2'i i1)i1l 

fine 
sand-

.::irr:.-:·nite stone 

f ·~~ I. cl -
s· p -:1 r· . 
MF::F .... 

:.:: 1 • i 3 
poorl.v 
sorted 
i· a n q e f i- o r1i 

R=:2.9 (MRF) 
to F;:=3.4 
(fel.dsrar) 

=i . 75 
p 001- I. y 
s·oi- t ed 
r.:-1nqe frorn 
R~-=3.5 (pla
qiocl.::ist:·) 
to F<=4.i 
( o p .=i ·1 u e s ) 

:.::2. 00 
poor l.y 
S'Cll" t t! d 
i- .:1 n q e f r o <11 

R:.::2.0 (feld·
spa'i") to 
R::-:5. 0 
(fossil.) 



54% cal.cite; opa·1 ues 
f m- r11 p or e f i I. L for· 
f oss i Ls, a few 
foss i l.s ha vi::~ been 
r E~ c: :- v s t a L L i z i:~ d . 
f o s s i L s a i- e f o r a rn s 
and E·ci1 i no ids·, MRFs 
a i- 1-=:- s E:~ i- p en t i n e 

l.J ·- 2 3 ·-· 3 a .:, !.'. 'l u <.1 l" t z . J} m~ f e l d ·-

W-·24-i a 

C Dl" E• i ~~8 

s p a i- ( c o 1n P L e t e L y 
a L t e i- .:~ d t o c a l c i t ·~ ) . 
35% clay, 4% poro
si t'/, ii~ calcite, 
6 i~ o P a ·l U E· s , t 1- a c e 
f o s s i I. s ; c l a y o c c u i- s 
in I. i neat ions, 
t i- .::1 c: t~ s i::~ ·1- p >::> n t i n e 
cl.ay represents both 
1r1a i-i- i x .:rnd a l i°t·)r a-
t ion of VRF grains 

VRF, 3% MRF (serpen
t int::'), 2/~ clay, 32~'.'. 
calcite, 1% opaques, 
:2 3 /:'. S R F ( f o s s i L s ) ,; 
f o s s i L s a i- e e c h i no i d 
p I. a t .-::.· s . i n o c i.:, 1 .. a ff1 u. s .. 
a n d f o ·,- a ri"1 s , so r11 c.· 
micritized and some 
rt:~c·ryst<.1 LL i ZE.·d, \/F:F~s 
are rel.ativel.y unaL
t e i- e d , s p a r 1- / c ei I. c i t e 
includes both cement 
and recrvstal.lized 
fcj5:;s· i Ls 

20% MRF, 61% fel.d-
i/~ qu.::1·rtz. I HI 

O/u 

o p .::·1 .:1 1.w s , i 2 ;.~ c L a '/ ; 
MRFs are both ser·
pent i ne and mafic 
minerals altered to 
c h I. o ·1- i t c\ , s r:.~ r:::· t r .:,1 c e 
of echinoid frag
rnent. on•:? ~'JE• I. L 
P i- es e i" v e d c L i no -
p y r o :( 1z;) n r:"'f , op a ·:1 u e s 
oc:cur Linear!. '/, 
fel.dspars are too 

bt::·ai- i net 
b i o--
111 i c r ite 
(fos s i L
i fer·ous 
f1lUd
stont~) 

.J l" k OS•? 

fe l.d
spa th i c 
l i th·-· 

0. 0711H1l =2. 00 
v e , .. y p Cl o i- I. y 
fine scH"ted 
sand
stone 

1- -"1 n q e f r o r11 

R=::Z.3 (feld
spar) to 
Rc-=2. 9 
(-:iu.:.1rtz) 

i . 3 0 fllfll = 1 • 1 0 
'./ e 1- y p o 01- I. y 
coarse sorted 

::1 1- en i t e s a n cl -
stone 

i- a nq e f1- or11 

R=::Z.5 Cfeld
sPdr) to 

() • 1 4 fl) (1) 

fine 
s .:,1nd
stone 

Rc-;4. 1 
(fossil.s) 

:::(·). 38 
we I. L sorted 
r .:i n q e fr o 111 

F::::: i . 0 
( ·~ L!Cl r t z ) t o 
R:::3. 3 
( f e I. d s p a l" ) 



a L ter·ed to C:.J l.c i te 
to distinquish type 

c o i- e 'I 4 8 i i.'. ·1 u a r· t z . 6 2 i~ \I R F . 
i1% feldspar, 11% 
MF\F, 2% ch er· t, 13i~ 
.::i I. b i t i::~ c e 1111::· 1-i-t ; VF; F-- s 
ar·e all plagioclase 
and cl.ay with al.bite 
cement, MRFs are 
s e 1- p en t i n e a n d 
al tt:-!r·i:~d i c.ineous .. 
sPe ~50;~ of VF;F:-s 
a I. t t:~ i- e d t o c L a y 
cornpos it ion, ti-ace 
opaques, feldspars 
Looi< to bE· a I. I. 
pl.agiocl.ase 

c o ·i- e t.. 5 2 :~ :•. u a 1- t z , !:; 1 % 

core 5 

vr~F) 1 2/~ MF\F' i 5/.: 
calcite cement and 
vein infi LL. r~ 
p l.aq i oc I.a SE!, i ;;: 
o r· t h o c: I. a s 1? .. h r-t: F s 
<:ir1? both serp 1:::!n
t i n1:> .::i nd al ter·ecl 
rn a f i c Iii i n 1? 1- a l s , 
\/ r~ F 5 h a v E~ fll 0 s t I. y 
pl.aqiocl.ase but a 
fe w i11.a f i c 1Y1 i n E~ r a L s 
d s p h e no c i- y s t s , 

f e L cl s p a ;- , 
MRF (serpentine), 
'1'7'% c:.::11.cite vein 
infi I.I., :=;2;-~ cl..:1y; 
cl.ay is both matrix 
and al.teration of 
CJ 1- .J i n 5 , 5 E·' P \/ E~ 1- '/ 

I. a r q e c .:i I. c i t ;:_:· \' ;:_~ i n 

core 52 74% VRF .. 9% quartz, 
6% fel.dspar al.tered 
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