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ADS RACT 

fhe liwd s. pttriocla. tr. _vel t t or P' 

a . PP have b n 11r- • Reaul t in41ea~ . bat thfJ 

plee·ntral 41 tanee of the in pt. tooal point vari a with 

Pft:r&Od. · -lStude could tiOJla indicate t t t~ roo 1 

point fGr •hort ptl'l • 1• . near 14'1 deCGreea J to~ len r 

pe-rlOd "'"'' tn - poa1tic.m ia b l1eY'ed to lie 'betwe . n 14"1 

141 cf r •• • 7M P••1tion of the end of th .-e"Vl ·ra d 

h th t r eore U believed to be near 167 

de ~ee·•· 

!n · .. 1 

• thr - oupa ••·pa."t d ,,. lntern.ls ot about 10 and ao 
eeeonde .• oh -~P vld n e•para tee 1 ph•no • 

Th1 riation eug _ ta 4ia.pertion an expl _ tion. 

Variationa 1u .•• ,. · rio of the P" phaee with 

dittanee ·ar re -oue..b ly interpret : s eonaequeilce o·f rapid 

looity incr ·aee with 1ncr a i n.g depth _ pp- ohing the inn r 

core tr. ition zone lout n rgy rati t07 11 pt 

pbaett indi te _ ompl•xi ti hich ar not y t tully u - ratood. 
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INTRODUCTION 

Putpo••-!!1!. Scoe !!.. :tnve,,t,etitn,l 

~ pre-aent at g of ee1e.ntif'!c inYe8ti . tion of the in-

t rna.l oonet1 tution ot the • rth baa 1'Wt yet pro reesed oey.ond 

the t'tage of infereno a.rui . xtrapolation tr·• oba rved phye cal 

phenomt•• Pollod. this pattern et endea or th fo11mting 

ciate. re pre.&ent to a.dtl to the array upon which our logte 1 

deduo"tona are b a.tt • lt 1a hopf)d that. from t ·• pa,- ioul•r 

d -t.a t ·Glle additio l intereno•• '3 be -d • • ·- current 

diY r geno-& of opin1-o:n t\lrther ole.l'itie4. 

!hla· inftstl tion ba• bMtt direct d to shed more ligld; 

upon the· properti&a of the oore of th• earth. To t hic n4 

ticular core pha$EUJ have been ·rec.erd.$·4 trom number ot earth~ 

qu ••1•mog.re:m4. In modified form th se ~ro-pertiee _.,... 

t1vely referred t.o 

ami u oeie.ted '\Ulllaln d. phase•.. 'the•• an la -_ tudiaal •v•_· 

whioh are reooried a the tirlt di ·tinet arri•l• at etations 
0 0 

who• ep1eentr l 4iatancee a.H betwe- n 11 and lSO of the 

their time distece rel tiona are . hotm di gramnatically in 



Pig.- lJ -_ th J'el tio hi · .a ahown in Fig. 1, b. _ ·· taken 

in .. ifi ti to fTQlll Gut nberg nd Richter (l9&9a p lU). 

n.. · ~ be$1'1 reeor · to prorta b 'ffi th 

which the p·t 4ata y b · COinp&l'e<i. 

L?Z 
The fir 4o · ·, nted - 1 molo leal · 'ficl .ne.e ·whieh 1ndlc t'td 

th • i•tenc ot t he eo·r t;f the e rth · turnis· 

(1106} · Whll · the htQi'l • ot dt · . . t tioMl nd di to-rtiolllal 

wa to ·Olly ~e -ted . 014 •qr 4 hi 

b•li t th!.t th lime. o•t tour-t ·~th et the artb (by • ·· lu ) 

wa . · ·~' · et$rleed by to~ . o fl. '-lid et t$. 

miaint ~ retl. ~t CO:UI t);tl· .ntly. hi 

th'& r d · ·. · or t · Gore o! th rth 11. 

•f the co to be $410 il t ra. • tip~ till r in d. 

Ina . n ently or ·Gut · b r . _, Kne t (l91g) pre •nt. d hl thitd 

~ · pe!" n ener ~tn . looity relt.t ona et elastto: 

'9i OD th roth•· interior lar ly : ·:indl r to 

th e expPe by Old . ~n 1 · 6. 

ttl 1925 •l n · (1925) mlOUllotl4 teit ·•logical ·'rid uoe 

tcr h · ,_ .r 41· tonional •• thl"Wgh the ·ore. (Gutenb•rg 

in 191 .d pre• at d o leu ~i~ 1n pr$dietion of th• tre.Y•l 

t . ot the · p . •~ • whi ht t ~ · n. not b.-n obs•~•) 

r, Je.tfre (1U6) h · d that th ri icl1ty ott~ a.rth 



-
UlJit b oontine4 1· !':ely to the ntle to b e pat1bl.e with 

lunar tide-s obe r.ved in the e rth,t the implio tion from 

Jeffrey•• work a• to •nuidttcore po ·· • 1ng little or no 

r ·i gi-Qity ha been 'V'ariO\lsly c·cept. d. Retult ot turth r 

iavErtti tionu by ·C lwane (1930) ha giv•n this author 

ae1 mologi•t to- th belief that l"1gi4ity within th core ·. y 

be a 1\lnot,ion of the p$rio4 et vibration. To date,. no en•rt.lly 

accept.ed e'rid. no:e h • b•en presented lthich indio . tes that 

ehear . ve~• aN )ro . ated through the cor of th arth. 

Lar ·• ampl1tudee obaerved at ngu.lar diat · ne a :round 141° 

we:r tn~erpreted a.a indi•ating tooal petnt J two branche ot 

·1oeity 

._,.i t1on with d .:pth inside the core. !he obe natione haw 

le4 to amplltieatiQU ot t · origi . 1 theo17; not . bly by 

Gu-nbertt (1921). 

0 at d1atan.e a b.W.e n 110 and 

143° were initi lly interpreted ae being the reeult of acme 

th characteri&tic ot the p• ph ••• 184 Lehmann (1987) to th• 

be1.1•·t that these v could be b-etter explained ae phases 

retraotact o,- retl ete4 h a high loo·i ty "inntu• • CO!'$J •• 



bnO he · 1 • -tenb -rg Ri r (19 .·s) cae. 

By) ;the•t a pl"$ ent qu nti ti · 

di . ribuid.on e. t l t · * 
ft. Uti · by G\lt nb . ~ and 

trey ( ·. 9 nted two pa · . X' on 

ithin t 

di concepts.. · · 

. lo ty 

ht 1" ( 9:19)~ J•t

lootty nd ti 

r l t ·,. ampli• 

J ffrq 

rl•· · i . t · ••loot ty . iftr1bution t th e.on~a.ct 

in li ht ~r 

I .ttr 1• bat cu·rt t hi la · · ti 

of looi~ · h th toll 

<• n • · ) ... 

det rin .. 

to· ity with d pth; 

tiEl in U ht t pi 

by •n a'b 

r . lo~ity 41: tri t!on uet ou tide tM b ary 

th nner ·CO!' 

C tn . i • 1 

th •P:1C t . 1 

·te-nee ()f th . 

Acutor 'in 'b J · ff' ln ·v. oct ty t 

t inn ~ eor . bo m· 17'. t . 1•t .. 

it probably ret1 .. t 4 p -t (I tf'tey 1&. · .,. · 600) •M.le t: e 

point c, o ording to llen (19 V • p l'Ti), oo 



the rev~· d 

aee:m.ell't dO$' . Q;d · by r a · on o£ ref . ·<rtion. whil. . the· point C 

: sult o.l t ·rigi 

· . of Knott (. 899) · 

l!.e tie . ple, it the dy ot t o. i . • 

b 

H1cht$:r' in t . . 'budy of ntl tru • d by 

(1950) . ·nd · rtner (1948) ln tudi o 

plli..tud oo-tl id tio ot t P roup by Lebl!l'lfUm. ttr t 1 

to t ·h · 

e-n r 

.- glve 

. ·ne , 

tt.te.d ih thi · tu y ot core wa 

oretio .. 1 nd Ob ·. rv d 

io form - . fer ditpl:a • nt t th e r h'· , 

1 f) 



• 1 -- ain ~ eoe i 0 

th rt · · tion ·• thie qu tion,b .t · d upon the ori ~1 t ry 

f Z PP'i1u~, y b tou in the or1g1nal ~pe-1' ·ol z pl'ita, 

S.1 ·J', _ .d Gut :nb l' (1912} J Guten r ~ ( 9 .4., 194 ) 

qu nti 

which rt'iVe _t th ·arth'• rf .. · e 

10 t th . derl tion y 

th qufUttity v'i'i7 . 

tront wi h . 

~ th 

ich 1nto· e -

. di • 1 

eti tJn t · 

0 ::. e • log Q 

. .. 

w ria Aw.r i · be heoretie lly det 

ob · n-ationa pa . ter. · tini i&n ot 

plan . otiGD. in... 

l 

infer tr · iaotr py that otian y 'be pur ly oompresaio:nal 

nd pur 1 · · h l'• oint 

* Evaluation of A0 is discussed on pages 11 and 12. 



... -
i ro . te equ ly in ll direction. • Thee · 

ptio - knawn to b ha .en i ~orporated in a .rly 

· tion. 

ion nn. t lution ot 

'r· n . a ion a ha bee.n e r ·r1 d out in thi etudy 

ti-ty 1 a di tJ>ibution t he 

tortional r in u netl 
-

· t ti 'till lly fr o . n tion· n4 ia ubj et t ·o t 

afore ntio · d 

y 

. hlah 

l!1 q 1 

HVl.l!UU.ctt!'io&l t · fOf!' DOndl.l G$ h {25 b) 

Ia th le . · ri thi_ ot thia quantity 

d t<:J t acou~ . ey with hieb i tiler

hat ih• th n .le ~ 

• our , i · , qu _ 1 to 10 , the ~~1' ce 

-1• of ine·16 nee of th1 · ray .t n 

. y th n b xpr :8 d · t 

lar dis-t . 

• ) a tan · di A A 
0 !!.~....-. . 
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te o .he ratio of t e tru 

i l v looi • • th app r ·nt velocity long 

i · qu l 1Jo the in " ~ d ~lope of th t 1 

ti a rv • 

C·om in · fiat given di tance t~ corns otldin 

10 y b.e d .te ined. :ro a plot ot 1 v raul 6 the 

c!i/o A a1 pe 1 t k n. 

In 'hi in'Vft ·ti tton th ppe.rent 

o 1 taeto? 1nc • 11 variatt.ont in lead to appr 'Clable ch ng 

in f. ; 
0 

11 enot'i in re 

intmiz s from thi· f: cto:r, ap . r nt lo . it • 

by 

by mee.eurement of t~avel ti e alo .. 
te diofd D. • Gut nb r g•Richte1' travel ti d. t 

b referred to in thi · pa · r a "'G.-i " travel t 

data 

y h. rearter 

d ta. · od.itied 

valu • ot di cf 6 t "G• " tra ·1 ti . dat dettt · · ne-d by 

.· na (1944) ha · been used i thia ·~ . • 

a ...... thit factor . y b · e pr s .aed a -
t1$n c~tf olent er unit o~ ray th • A d termin d 

ate:ti tlo .lly by Gutenbe1"g (1946 ), k e a lu ot 

0.00012!4 tor lon ·1tu41 1 oe!'e v a. Ab. o7ptlon thus 



. . ' 

prodnoe• an a4dittft UlMUlt ot a~Ottt o.JI 1• ~"-· p&l'll•t•ro 
j jl 

't tor tbe oon pha•••t tor PP t~ •rteot 1• of oou1'•• 

mor• wri•ol•· 

ergy which t• r..fiee;ied o,r retn.e-t,_. at . :tftecGn'ttnu.l.ty. 
, , , I 

Detenrd•tlo;aa or thla ft.octor 1• tta: •• d upon the equ•tioq 
. ' ~ ' \ : •' 

o.t· Knott (l&t9) and Zoe}t~it·& (191\,:•)• .'A fli•·•uion ot the 
• •' • • )! • 

i 
bott •quattou in •O<Iltie« tora •ind t~1r &pplicati.on it 

g1.-n by G\ttenoerg :(1944). It1 t id• t ·t u'tV' only t.he ~or• 

into •ntle fU\4 t 'he aatl• into O'O ~ J"' . f M·ct1ou •-.rlbute 
' . 

' •tgaifieutly to t .t. taottntoal ,. . .._'tel' t_. oen phU•• • . . 
~ 

V•l••• of F toP oore ntre.-otionf. -~ b·een det.•·miad ._, 

»ana (l9.U) rcrlluwin th fftlltthO<! amd toftll\1• · eat 'bli•he« . . 

by lnott (1.899) • r tor- earh.u r.tl\e:otd e~u ent•r . iifttO 
. . 

th• th•ol'•tt•l pu1tme:ter ~.,. PP p..'-l•oa tht • •• be•a. 

oaloulat•d hy SQ~e:bhttJi~ (1:944). :tti a 4t · tn'lntinu1ty be-
. . . 

tween •wrl•l• bt given properli•' • e wtu• ot 7 tl 
4•pan4ent upon t h-e a·nrle ot' inotd~e. ~ n 1• ot 

ille1dellOe at e di. oontiltulty 1 . d. te-mined lra th · rt.y 

p&M'lllet'•Jl• p, -.hioh !.• Q<)lltt&At fo-r eaeh paAi.culat' ray 

thJ'oughQll:t 1 ta patll. 
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The following v~locity distribution £-rom Bull n (194.?, p 209)· 

~&ed i n th1 calculation s 

~eptL_ 

bOVi 3 

t · 2900 

64 

s 10 

Q -- the ineid ttt · plitud ot - ve otion 1 pingin~ on th 

earth • • rurtac , is r-eg1ttere-d by vertical (g) al'Ul hor1• 

to · tal (~ } ni•mo . raph•· In ord r t:b t th · tliaplaoe- nte 

be pro rly Mlate4 to 

· • ootual ground motion under dift n nt ngle · ·of ino1.-. 

tienc· , . th t ctor QH., z bae b&en d t nail'W)d, t- eu lt of 

thi wo:rk navv bMn pr nte-d y Gut.ub$rg (l$U) t 

tio, up:o·n which fac1Jor 

It will be no 4 t t At ha,e b en d te · ine:d tor PP b • 
0 0 . 

'b¥ en 100 and l by Gut ziber ( 19 5 b) It baa b n ind•· 
pttndently recalculated re for oonci tency in " lta • Th table 

below t how: the ri noe · betwe-en th two seta of data. Re· 

aiduala • At (tlutenber.,., 194-6 b) mlnu ! (her oaloulated) 

tor hor-izontal (B) au rtioal (Z) d ta. 



B z H z 
100 -0.01 -0.03 135 .. o.ot -o. 
105 +0.09 +0.08 140 +0.04 +0.01 
110 •0.17 ~0.17 1~6 +0.09 .. O.QG 
115 +O. ..0.1 160 -o.ao -0.2? 
120 + .01 +(}.06 165 -o.at -o.so 
125 -0.08 -0.03 160 -o.os -o.oe 
1.30 -o.1o -o.l• 166 -o.oa -o.CM. 

r th a . cU. tano t ntt r a 

lL r ·• 

berg. who •1•• aPe b.a d on e: p1r1oally a4juate4 data t r 

p. calculated . lue ot A tor horizontal and _rt1 al o -

po at • shown in 

and 10 t t" phae a 

•• 3 and f for phase PP; in ·ig • 9 

llfl P1' • nd in P1&• 15 tor pha e ' • 

i lu d by a urin ph otiou on • 1 -.ograa written 

by -t o di tvbanoee of known nitude alld looati 11. 

plitud • (A) and period• (1' ) as~eci tro 

!he ab olut- ntal 

pplied 

to pl1tud /period ratio• (A/1) ia oaleulattng cliapla nt • 

(• ia · .at; u. horlaoatal 41aplaoe nt. is the 

otor ot the eli pla at •) r ina nt • 

ab olu gnitic tio or which haw not 

r 1 ti gnitloatio V w r• oalculat d trem • to . ula gi 11 

by Benioff (1932. p 164). 



. . ~ 
v • <s/!l• l/ra) ·.<lit'! ..;l}tl). 

•h y 11 t 

peri 

by iat 1 • tio ~ • 

lri ·. 117 'by · ehtet- (l 38) in 

att\14• ~lat1oa, riati i n tke cluratioa ot .. pna • with 

oorrecti n faotora t · ~ • oOllaider i 

t n erg (tt· · )J thea . 

In nl4W t t t tf oi; ef the G( 1) te 

••" 4 M ult r the ob em tiona 

• th t 

t G( f) t .. ant n incl . e4. t 

'thil t e ·-



c;bJ.t 

A aad •/tr horltonta.l and ertice.l in t nt• ·re · hown 
. 0 0 . 

and 1 t • 

Velooizz Rel_ . io . 

pi;h·-.. ·ooity -di•tributiOQ Within tb oo,. 

d w~in.4 by GutenbePg and !enter (19$8) and by J ftrey (1939 b). 

appr oh u. ed by tbes · -uthor ·. 1 · one hioh he. b ecn att~ibuted 

to ada.ti a.nd !hi me-thod •'ll be described r1 fl 

tin · J tfreys and Gut :rib-e.rg• ·1 h. l" h v both . ella -! thJ. . 

e leul&ti~n rul it ha be ·n parti lly follo n the pr• .ent 

study• 

·h p.roc dnr i to eu'btr c _ fro: t - tra · l•ti e and di'l• 

te.no _ f the P 1 (and ~ t) eoN 

• the PeP (a ren locity•• 

h ·o • _he of inoideno t the e ~th*s- 1' ee. 

ra$ulti .f1gu:re nt nd :tl r i t no or 

t t th· ravel ti~ s b aocurat~ 

To travol-ti data or the core Gutenb r.~ and RiehteJ! 

(l9- 6) hAve pplied the method of tee rt* · rgletz~ nd. 

5 teman to d te in the . lo-c i ty•depth elatiGn 

(19$6. p 21 · ) di cuss~• th lim1ta.tio · and -r04-- dure of th1• 

meth d: the li ting actor i t~- rate f' change of lo:oity 

With d ,ptb ill r•lation to the velo~ity t ivan de th.. Thia 

ve 



requites that M ahe.aow _zone itxiat in the "" tnvel tt·me ourv•.t. 

From ·ec.rttld.erat~ &l~ ~~ the ray para•tero. p, equation 6 

page t • and cor• tra'ftl time data J e.ttrey• ( 1·9$9 b ) fi:tldt that 

a d•or.ease i n velocity ie ne-cs.1utary a.bout 1400 ltm below the 

inoreaee • F·tlr ag-r·••n•ent lfi th the aurfae• obaerutiona of P" 

at 110° • a Te-lQ-Oit,. deereate with depth ia neo•aa1tate4 to 

pro4uoe a ae•:trabl$ variatien i.n the paramet•r P• By •uoh 

,, travel tim• data. Th$ V$114'-t¥ er thit v-elQ<)ity ••ow-ea•• 

$«itt•·noe the~m ie baeed upon pr&b&b1l1ty,' that the branch 

~~~~! Oll GWAJ!O~~~~ 

h&e.d-eu. z 
~ 

1'8 
us 

• iW 

~ayo. S 

• 

l?$riod of 
calval'!O'Il\8ter 
~-· ',l ail · ~ 

o .• as 
90 .,0 
0· •. 2 

90.0 
o;a 

t.o.o 

-

Peritt>d of 
M1.emometer 

1 .. :0 
t.o 
t.o 
1-.o 
1.0 
1·.<> 

e:;.~--s .. s 
fl .... 5.6 

P•flk 
ma_ gaftica_ tion 

' ' . 

-ehort 
lon~ 

- ehort 
long 
sht:n-•t 
long 

long 
lon~ 
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In d41t1on to th abo 

plitude. riod, and ~ re tak a t r• the a'bation 

bull tine or: 

z 
I 

11.? 10.0 le 
loag 4.5 to 3.6 -

Peak gniti tion 1 . arbitrarily aipat.d a · ort it 

l _ a . at 1 " • a . loq it equal to or greater '\Than 1 eo. 

In ot th cor 

tioul~.r ehoolta at ep1 ntra.l di ta.ne ot about 146° • th• ie• 

o.gr were \1 d tr La Jolla. 1'1 

1 raid 1 ,unt il&Oll; &M Jla· dexaa. fhe· atatiOJt &11 haft 

ort period '9frtica.l iRatr whi arr1 val tilre 

aooura . y obtained. 

DatA troa earth uake reoordi a h l9J2 t.o 1946 a.r 

1.-t• ata d con · ta.nte differ at frOIIl th a aow 

·u ciJ a no ab olute g1'd.f1oa""tioa our"'' ••itt fer eee 

y 

uaed with relati · gniticatio tor p ri•ea of a p11tud / 

per1o4 (.&/!) ratio a. 
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In thte tudy a t from bout 661 t tion rthqu · 

1"9 in ot d. 4 ta proporiioned follow : 

100 
12 

71 
50 
15 
1 

h the•• • tion-e rthqu about 741 re din . weJ-~ 

,cu);•pted fro ae1amog o-n whioh ab·· ·olute gnltic tions r 

P" · n P1' $02 
p2 ·t 119 
pp 3!~ 

About 60 r din u ed for Rtio co ri on ar not included 

An ineuttioi nt ·~ of hoFt . r1o4 horizont 1 P' 

re: di and ding of , S s. nd S wh1eh er 

~ t 100 t tio l d pth 

a 

d on d ta of P_ aad P], • • 2 • , 

which have b ·en o rri d out t r 

a. (J.o•J.r)P:P•P' 

b. .Af(P )•A,_.( •} 

e~ AG (PP)-A0 (p•) 



The tirat of th e qu ntitie _ • . •• r late th · observ -d 

ampli t\tde/period (A/' .) ratio · for pha• to the th o:retio 1 

ratio for that pha -•• Th$ qu ntiti hi d fin · thi 

fUnction r•• 

(u.w/T)T 
(A0~) • lo - --- . ._ ,._ 

• (u,.w/T)0 

whe~ - log(tl .a /!)f ! · · defined by equ t on • pa . 6J (u, rt)
0 

luat d fro • it-moo- m aur ent.a. The qu ntity 

M-G ( •7)-G•lo ~ 

s hould be qual to zel'o; hi toll owe tro d fini ti«lln of 

gni tud (' ) 'by Rieht r ( l9S5) • tr · nitude 

by Gutenbet iohte:r (1942} d r e lu _· ti n 

ot cone. nt e by Gut nb r (1 5 a}. rro~ to 1fhioh (A0•A.r) 

le tubjeet :re 4ic/d.6 • '• and _auri Fr r ) ln tM (A
0

•A ) 

c leulatione the 

A-r haa been u ed tor 11 p se exoeptin P2•, or P2• 

pr' ci bl diaere noi bet _en the tw.o A, ' e ha~e rr nt d 

idu 1 computations. 

A re id.u l {A0 'f) qu 1 to ~- ro metuta that the th . oretieal. 

reaidual indie tee that obc rv d ratiot P 

pected :trom th•ory, a ne · ti -r .. 1-du 1 indio te the observed 

rt tiea are larger than expe-et.ed from th.,ory. ( ;q•-'!) res14ue.ls 

re plott d for a ll component and all ph e,e - :tn Fige . 8, 14. 

and 18 .. 



the aetrond quantity• b,. 1vee the oom 1"1 ·on of theoretieal 

amplitude/period r tioa of pt p , ·• o thecret1ee.l ratiot 

ot the stand· rd pha _ e PP. This· oe.leul 'tion turni he be. e· 

to whieh the oorre1ponc.U.n quanti.ty tr·om obeer'9'ed ft.luee (e.) 

Af(PP)·A-{ . I) :1 lo · (u;w~)p• -,. Cu~• !)1P 

where u,w/! it de·fined- by equ tion ~~ pa. s. !he taotora 

whieh :y 1ntrod.u·c _ :_.rrore re di/4 .6 and P. ·fheee. r . tto 

com ri•·on . re plot~ d in Figa ~ lt ud ,. ~0 1 1" th• • tigur•• 

the ntiloge o-t Af(PP)-A.r(P*) 

legaritbm1c · r. 

!he 1 st qu ntity, o. • r pre·aents the comparleon ot 

o'b: rved plitud (l rlod tine of the P' phatcut to ratio• 

of PP. Direct me au 

) ·{u ~~P' A (.PP ~ · (P*). • log · ~~ 
• & · • (u • . · .PP 

8r.FO?t to 'Which this ealeulation are aubjeet are m.eaeuFing 

. r'OHJ· these arise in vi . ot thfJ eha.~ ct r of the motion 

which 1s r .corded. lt ie otten difficult to d.- "t-ermia the 

peroiod r•lat·, d tQ •xiliWft a.mp1~tudes. Supe ... poeitioa occur 

which can prcxlue :rrobeou• re lts if' not ~oognieed, 



D1•er p nc-1e arie-~ng from epics-ant'"' lee tion and ori in time 

are· b li • .'<i to be ot u appre.ciab l · ~~ nt; earthquakes to 

which thi ·tuay ters re . hi i'ly tho -. e 11 . .a in au tenb·erg 

anf lUehter (1949} • Inatru - tal. re pon · 

to n -ecu ey 1dthin th limit · impo-· by a su ptian 

ot the theory upon Whi~h thi · -tudy i~ ba - ed., Ob· · erv d ._ tia 

ct ,. t-o n F$ plctt d in 1 ~- !1 to J6 !n • tor hori~Q- tal 

and . rti oa 1 1ntt . nts 1 in thee ti 

lues plotted on lc-~&ri't e pap$~• 

OB ERVATIO 

In the proc 

which 1 i ted t~t no ooh it· nt pieture ow d o ·.-taitrl r , ·m 

ene-r · l'elati On8h1 unl the pl1 tud v';-erl - . -4 ta oeul4 

be pt-opeJlly r: la·te4 to tiw.J! _ yond 145 • multiplicity ot 

inetrtt · nt _ reeponded diff · .rently to incid-tnt _otton.. Thie· 

. g eat 4 t t differ nt pha tni ht eon-tain 41 r·~ re t en ·r 

on-yin rio«•• Tor o.lve thi - co · 1 aity pb t - · vel 

time re d ·te.rmt:ned nd plotted~ Ol"i in ti•: i"'F a by 

Gutettber n<l . i b . r {194@) we.re u -ed in this d ter-mi - 'tion. 

In c rtaining rri val t -, 

upon hort p _ rio.d vertical r$-eo:rdln"a· thaD upo.n long riod 

reooriinga tor two 1" sona • Fint,. th short psriod ~" corcf1nglt 

whioh w r vailabl a:re Wl'itten with larger ti _.cal tban 



~ th loa ;:. ptfliod. r or-dinga which we"' vailabl•• $ttaoad, 

ahort r1o4 iut:ru _ nt-a by vlrtue of their oharao · r1tticl • 

ore ~•itive 'to fir,•t :t on han 6t-e lon er J*P1: 4iapla -, nt 

-· · u :\a ot th · tra 1 tiu e.natv• ta a.r-e •hown tn i 2? • 

ThrM 14 ntltt•ble roup_ . t P1 11&:· · -• .,.,.. f ow.td to ••itt 

e oh o· thee:e h&• ita oe tocal pint · at•ociat 4 ,•. ·- 1•• utt 

P2' phn '• 111 •t th ·•• r-ou -- • g• •ral\7 tatered _a b _ 

eho.rt n lo g ~1o4 lnttru n -., howewr~. tlt• squ&l"' ot of 

tb t of •n r wte _ 1 re i .ste-re.d. for • ba.••• -a. "ride· 

by - 1 · 11 rlod rati · • ,-ari dep ndUl: ___ - .pon iut -- · ·-_ 1 

Ot 3 1 • ph& •• (whieh ar · .. n oori 

on eho ·· t pert iu nt.) "'" - nt a •t t 1u" 

thl'ou t 1r -~t and tf· late arr1 l (or kt• 

ph& . ) .. ,. nt>ted 1 h r, • l P. · • it falrly 11 "P"• _ t 

by al1p _ e.rrt - l t ' •· -em thori J*'F1H Hoor tllg• fr• 110• t -t 

-baa · rec: rdecl _art.. au • 

i:ttt:&a ibl - • 1 t ud " phae • are well d'&o 

P1 1 
••• r . nat ori :4 p~ 

to 160 spl•tnt •• nt. ., taa•• t ,.-<m4 1$0 • Qp - p· a 
p• - -ot1: _a H - .· t•4 with ftr;ylm.g ·.U~4H at cti · , nc •Ju,"•r tnaa 

110°t a l&tuct•A ri > rat1ot forr thta pbae:e at •h ner 41•t&ne••· 



haY$ net b •n ent•re<t in this etud.y • 

The No, l grOtlp ptt 09n 1 · t ef 

V$·:ta.g tU. lue of th· · e impu 1• 

not tmpoa8ibl that th tm ls 

l1lUJ1b:e r of' 1m , 1 ee • An 

• been plott dt it 1 

tu lly r pr sont • 

aerle.a of o . ·PUpping •• nt • rn traY~ r: ing th t .. - 1 ti 

ou~ 1n ig. 1~ , rom A to B to 0 to D to , th Ol"e ie 1 

conaid · re.tio ~equire that on the · scendin~ b~nohe tb 

o£ incidence 1-t cr · -· th t he incre . i ng 41 "" nc , hef'i ... 

tort , braneh a BC ami D ehou ld be oenc · · toward the d.iat c 

Jda. Sin.ee th lo. 1 curv: a · pl$tted is· oonv x t rd the 

disttu1o· utif · round 1$1° • · t le •t ~o ••~ra te • " 

impUed. 

the out-.-t nding feoa tu -oo i t 1d th the t · : v 1 t 

ou 1• th_ t the oup• rr a · t · pria· i · 1 -ene r:~ carey-in 

pe.rioda. o t i gni fie ntly 

by tnort period in-•tru nts · th the f-ollowing exe p'tiont trom 

1 .70 to e.bou 15? 1 period: inttFUm nta r - ord d No. 1 P·1• 

oti.en · itb · nitud· • roompa 'ble to th ·oo.rd.t)d m~tion f1'om 

O• J 1 ' • · t di•tanc gr t -r than l5r' lon period inst • 

n't_ reoord-6d o ~ ble mplitud _ _ • 2 'l' nll 

• • grc:mp pn&· ,e · ~-- lly oat $1gnif'i nt on long 

riod ~" oo!'4inga .J t h · pluuro are ge rally reeor.d d a low 

energy •rg nt on hart period i tru ent • No. 2 otion ia 

· - ~ lly rogl ·t ·red. more ei nif1cantly by a:hottt period than 

by long roiod in tru. · nte but on t -hort. perit>d reeoniint"& gr p 



8 .otleu 1e fNqu.ently elouc&.ed by ill'terf4tN'rlM trom grou.p 1. 

The •rl1•et t.J''ri'Yal:t between lfOO and J,60o an ••t ott•n noted 

on ·thert peri eel. ree-o-r4i~e. ~om ampli tllde oens.i4uation. d 

the •t•r:tala Which ••:re inapsottJj the p"ition of t ·he toe·•l 

poiut is qu•l1fi•~ t~t: 

for mo1d.OM <tt ,.rlQCI around 1 t:e I e•c• 

Far motion~· o't p.-riod around (J to a .• s ••• •) 1tti0 •l460 

Fqr aot~ont of pe~to4 attoul:\d 3.i. ~e 10 '"• . 11~•1''0 

Ff>l' lo~tg period ldtl'WIIIl!lta the 14$0 toe«l . poltrt 1• th• 

ldtt ~om.unt. th• e.n.•i:on to 11.~ u fill b• •h-nn1ater 

_l• ba•ed. upon vory tn available ob·••rntiont·• Aztrlul t1111U 

haq bH:n aa~mi.-4 •• el•••ly ae ,oa•ible f'rOil t.mplitt.tde 

o•u•• unnrtainty •• to the tla and diett.noe ot ~he W.o.,. S 

tooa:l point. ,._ aPrl•l tl•·• whioh have been ·•••oot.at•d ..tth 

the tooal •o11•• &N •• toll.,.., 

t•v~ 

14&0•14&0 

1'Ji0 
•1t'1° 

± l9a .... 

± 19a lOs 

up •e 10. &. 

I' !a 1D4'Md pf)ft.ible that the toe:tll 41ttan••• and t11a• 

•• g! . ._n •1 be •llbjMt to mOtli t1oation from oonlide~ti• 

ot 4l.ftraetlon phen~. Airy·'• theory ot dittftc·tion at .. 

eaut~io ba• ~•n 1n'\e!1'f"et•d by J·tfh.-y• (1tS9 ·• ;• p 568) to 

be •ttioi·•:nt to produce •ppl-'eolali>l• loag period (10 teo) 
. ' . ' 



ca\tltiel howe~·er, tor short.r period rn:ot.1on (1•2 eec) thic effect 

i• not believed by Jftftreyt, to b& appreeiabl• 'beyond e. few 4•greee. 

Examples of r e:Oe-pticm to g_rOllP' 1. a, an-d I phil•• motion• 

by 1Mtrument• with different conetanta are ah.own in 1'3tu 

I• II;. III~ 

ln•:rR p _ra-met•l"•· ~ ;ena••;a . 
••••. PP 

Th•ortttitlt.l data •. ftga., 3 and 4~ indicate that t ·or 'ftrtioal 

componente enet'gy ahoul4 re-main etl1•nt1al1y con1t-ant from 100° 

to 180° epio-ent~l clia.tu.ee, hort~o-ntal ooaponent,• •hould -a-how 

a alight <iecrttt.H in energy ~lnoreate in 't) W.ith iaerea-atttg 

dtttanoe., fae'\Q-1'• wh1•h. a.o~umrrt 1n the. main for 1'a:r1atiou 

! (a.t au:rfa.ce Fef'leet1on) •. 1,. fUl4 !. inor••• 'With i:ncl-e.aaing 

-di·t~ tthile etn .6 an4 angle or ineid.enc• teru a•oreat• 

with tnorea.ling ii•t.e.nee it). -tuoh amountt that ~ ef'te-et h 
~ . . . . ' 

neaJ"·ly e.onttantJ fqr b:or1$ontal oomponenta d-.ol"M.Jint; term~ 

pttoduee t.he domillabt effect.. ObM1"9'ati-onal .uta on PP are 

thotm in 'fige •· 5., 6., . a1ld 1.. fh..-. wide ••tt•r ot point• at 

aherter eittancea will be diarcuaaed $·l ·ortly1 · thi• &Gatte? MY 

b.- Nlatod t3 attgle ot 1neiitelte• 10 • . 

(.10-.A.r.} reli4ual..s of Fig • . 8 indic&t• that theoey and 

ob••na.~ion ··a.re. in &xoellen't agH•n•m t-or th• .loDg pi;rt,Od 



hortao~l ... , ... or the ·Mt , •••• ~ ,,. .ellch• upSlting at 

1100 •7 be 4u• '\O U_ tJJ.t~U ·ftl•t•t _..,_ ot obternt.to• or· 

to ••l•t1o~ _ l~ 41 . .,14 ~ , 
~n ~Otl ~~1ul _ FU~4u-.l• anon~ .-1:g. e. lrMito-.q 

ta:lr &ll'-at ~G tn.o,., alJ4 oWJn••tlcm \tf tt l-4&•:~ tbl· 
- .. . .. . . . 

I• at lli0 (p.oj!Un re•i.!t~ah.) t.ul1eat•• ob••~ "'t.1ot •'" 
~. ~ . ' .... . . . . . . 

tq .. ll~ ........ ~ ~- t~ry~ lq • ftftO:Jt of iibou't 1.-0. . 

lhll.ltf~t , ••• ~:·~ - t:ar-.•• ~~ -~\··---·· ..... ,.., if~ 
ta4ia~•• ~~'-· ·~~ . rat·i••• ._,..~ to tbt01'1i • ·" "* 
high a, fao'hn: u_p t~o- ·1 .•. 6 .• 

P,:a the l~r . P4fr\~- ~i;u~ ot ·tW· ~- ~·~ w .tcht 

_,..,. wr long Mftoi S.ut,...att.1 ¥ta to · *PJ)tath 'htoNU•1 
. . . ·.. - - .. , ' ... . .. . .· , " ... '. . - . . . . . . . . 

wl•• ~"- - ~.-.-11_ t~a ~o -- ~~·~· ~-,~-~- ~·•• ·Y4J~ loq 

p.rt.od l\o.ri•ont.1 4a .. , •• eppett4 to •hort ,-rlecl ~-1 
• • ' '' •, I ' • • • - ..-., • -,; • 

dat· tht• 1.• ••• ncn... ... -r.,. "'•t'fttiobal aata tor 1~ ,.,ta4 
. • . • . • l,. ~ • ···t • ., . - - ., . . • ' ... !' l • .• • ~ . 

"*fit!OI.l littt~tC:.t ·tllOWD in J1tt1t .. ~·-t ·~-poor figN_,_ut with 
• • · ... "'· ' ... • • • r , ~ • ~ • ~ • .. _ ... 1 ") ... , • , ' 

thtto~, Y~l~el ~t Af , :l•t~-~~- or· ~t .. ••i• ,.._._ ll-• ~id 
~·· ~OAg per-te<J ' -~tc~.l :r•a:tdu•lt ill fil• 8 bf- ·p a..-.rac

amQwrt ot (h1 trCJm ·lo:&ct- ito ,110° •net lJO\\ld. ln.o""•• l"t•itlu•l.l 
, . 

'Cthcmt o ,1 trtntt :u~o·o .-'~ 135°~ 1&. -~ a~~o~. !1} fUt1 ~--..nt,. 

~-~- •• tha,:t -~~--· ~!~ perlo.« ..,..r-t~ft.l -~~-·~ ,, ra~io•· tfo.a 

100° t~ 1Sf0 · .~ ~oo ball by a. t •tor ~.,- a, or iibat tbd!NU•1 

nt!OI .,. !•rre.p"O~ing~ .. la_•~· 

. -~ ~J.Aall ot rt~~ -- ~ -~~-~ \o . a~ .-1.1.t1etly. nla~.a 

to c ... .-Dh :hd tMir ~.,-~••• .tht• nlat:t.on ean a.tttet 



borisontal ocapon«tnt• bttt· .aliob.tlJ• Ctnainly 1 tU. enly 

te.ctct 1 0".1r theoJ')!'" to· , hi · tlti ,_l""bi li t.r t: o .. _ .:. onen-t• 

11 d'i $tclen~ ~n -..i~lt.y na ·1· .'..t a · ,-lorl .• e. l1 tt~tton ot the 

r ·.c~':detl p l"iod ~- ftV l•»gtltt tn li~h-t of tbit< ·i t ·_ 

re jQ , b1e t t OQlflfonerrt of wa;-.. motion ar di ffe"*!lt y 

af£.-ot~ by t h nath over -wblch t~ t .J' v 11 de _ ndil.l _ O:U 

per-l<ad .·ancl w len ·h . · ecent J'tu4i'J . by Gut&nb •J'E .and 

.liebt.r haw · teat-mi. oomple~lttse in tllG· ntle •t~c·· ri 1 

eff'"ttct. of· whioh •re_ not "¥' t ~lq known. ~lm p •eaent rHUlt. 

l~ietl~ 1ih t th s. pa nt vsloo,ltiea of lo-:ng period ot1~ · . 

a · · att•otttd . t J:h~ 41. ·tu#e 1tbi1e iihe . ho-:- peflti.Q4 

SD.O''biau &M rte t .. at lo~ . dittanee . . lt .... re . -~bl• 

th•t tili-' ¥ be r.>_ lateo to « 41•pera1oa ett · · t ln t • .. -· 1•1 

wry 'Of1ft ·. ·t'"Mb-ly -tble •thet eC)uld bt dependent u t.M -.~1• 

o~t 1n•1<le.u•· of en ~n~n~ •• train• tt 4ttpe-rtion t• tN 

M-ule o.t thee •·~~~ott ~ ~t •hoRe~ ~~ t.n-.· (. ·and lar •~ 

• l• o~ 1nei4en•) i-On · P -,.rio4 OOllpOM-ntl o'f i!loi«•nt 
# • .. ~ ... • 

••t.• tb.o.ul-4 atn...-. ... t th •ll-~&oa o,-e ••• 17.• h•••-•-~'t 

·~ll•P -~~lu . ot S:tt~id•no - • lhu•, ·at .1ho-ri .tr d1·etanau . 'l/4 C>_ 

w-ou,l4. · •cl'-· _ - • htl•, at · ~- -· •r ~-!. tallO\i •t.fci ~ ftUld- l~orea••• 

lt ·~- re•••na'bl• that laye~ . . ~h ._,_e !ty' · l"it:hlont tn 

~h• uppe~ · ott . · nt1e -oou~4 ea~ . a .d:ltl*r•1on u deeo!'ibed.l if •~• 

theor:v •%14 obt ·l'ftttiea tcr the .pp pbfta 1 
• r be brwght into 



:D«iia for theae .PM:ttta whio will be furtur ,diaeu.· ••d lat•r 

ue •h'Qtl!l in Pt.:g;a.· t '\o 14 tn.e. Fa·oto.r• wa1C.1h lartt•lr control 

the ~heor$~.lo~-1 ul.u~ (Pit.f,·~ ·~·· . lO) are, 

·cil/d ~ ••thlt ta·ct-&l' tncr~•••• •1 • 1Aoro.t-in~ Qia~oe. At 

ar·oaDd 1~S·e _.~ i/d~ . b~on!~Hl·l intWt · fpolnt B. Flg. 

1. a): following 'he 0\ltenhet"g~ . · . t.e't i.o~-l'tf t&t1on 

i ----

41/4_~ . b-eo·o~ea . iutlnlt• t llQif' ·~ 169° alt~·· (tt. 

l6t0 ~Mill P!in~ . ret-era tCJ pol=~ t . Fi ·• 11 At in n• 

ot wr~a~ee ett op!lrl:~tr •• _ t _o t -he t.-.ve1 ti. ami d.fa• 

te.nc• ~ ot point c • . tOO.u • . ing •fi -~t· .. ,. l'l<>'t ehotm u .r. 
• • ~ • ~ ~ • # 

in th• · tb oAtic l ·pa....-tertt j itfeet• ct the f~onttng 
. • • . • .' . .. " 1.•·.: ' ·' • - • • ·• 

in - ~~ati·on __ ~o. ·~~§' ·4iatr-il>ut-iort · re un pr"i·tflY 

~Oint• lA~~ a~p1itu'd 8!r• he~ •h~ teo pentat only 

• . ·'Jho~ 4il~o~ (S:
0

) tJiO:tA t~ oau•tlo. 

-~r1e· _ 1i'ttl• ter w·rtloa·l tumapo$tata,, tt>--, ho1:'1-&0llV.l 

a~pmot;f Q deoH~• _,, 'Wlilh tnoraa•ln -ii•tanee (ancl .. , . . .. 

~"".- •~•·4~~t '*n.tle , o~ 1~c~4•~!)-•, A' 180° Ar tor· hori• 

lcktta·~ ~~porw~"•· ah;®U •hott ••~o en.r · · tlfoa bou14• 

•ra tiott of· -Q. 

Oht4r-.at!~1 data fo.t" p• ana ' l" ... :~-h~ i .n rig •• 11:, 

11• and 11• · ! _ •• d ta .-.., beta ta•·-~ Ira· p:~aea tn .~.,_ 
' . . . . . 

1 •lid a, ·t.oa~ ~~~-~ 4a~#. . ~~,,~pt tor 1nft*11"e~t o\l.fortat1N 

ar. _· ~en _ ·lre gt~p ~ p~··6J •h.Uft ~rlm! dat# with ••tt...t 

•~c•P*ont ·tl'e ·t«h• trrom ~r-on p 1 l)hl• •• 



ftcm.noant. tea.tuM' · Which thH·• ob•e~ttonal data 4ilplq •H·t· 

l Greater s·o t t ering o ene:rgr 11 not b•twe.n 110° ad 

lti ·than b . .en 145° and ).'15° • 

2. 1..-ll.S ,.rio« -..rti- .. . l U.tl"WneQ.t• t hw an &bJ~Upt rite 

111 •a•r~ a . 146~ • while •bo-rt p4tPi __ ·: •• · toal i ·natrtuaent• :l'h'OW 

t.A a.bFQpt F1a bet-.en 146° uwl 1t~r (no nadlac• ..,. ... obt&tuct 

at 146° tro. 1nttrw.nt• whoa•· &beolute •gn1ttoationt· &N tuf-

tlo1eat11 knOWil)t 

_ ·• t.oJtg. pe"rtod · wrttoal. &at& thow u •eng · drop in a• 
. - . 

ettgy t.t 160·0 , thol't ·t•ri<Wl ~nioal 4•ta en• • gt"Uual 4-••r· •• 
. . 

from 1'7° to arrout 160° bu't •hort peJI'iod obte.-ttoq O'Vel' the 

lar;er ,..-t ot tlde tli1tane re too lflf!t and toatteftCI to.r ooa• 

olution • Both of the long ptr1od component• ha" .&0 ftll.let ot 

•• Y•rtt.•l iu·tru nt1 . aha- ·• g....Su.al r-iJe tn •••,.!'3 
pan l$0° Q4 •PJJlO&o-~ ·- lf6°1 horl•t:tntial 4•t .. ~ tntloat• 

. . 

th1• rite poorly. 

~6. V•rtloal Cl ta tor P0 Rg ••t that em.rglet· o our in 

ove.rlappia• 1e'"f'tlt. &:lnoe 4•ta at-e H ·l•tiwly •bu.llclaniJ .,.,. 

aOJr* lltte.rw.lt- ot-d!.ta.nc• ~·· rlktl.,.ly tpar•• Oftt- oth•• 

tutena.'lt tM• owrle.pping ot ltnlw may. w'll b.e ctll_ly a pted.o-

•tt~o.t au eel 'by ttWUf-tlcient data •. _ A* pon~,._d, ~h9MlV4tf:' • 

th•o etata are ~«~-~~·~· WU~ly "a-tt•r•<l A0 4ata ot high 

e.vttre. · r. {low e~ttg) -.lu• 'b•tltwn 110° Ud •&out lfOO toll·OYr•4 



by te1at1v•ly well gr~ped data of ~·1' t.-..M;ga •1•• ·a'\ 

gtteat$-r distance• might -suggeat ·-. wbdow z~n•· '•t ita"Vueea 
. ( ~ .. . .. " 

·•hortElr ~han _ lEO~ .• _ L~tag ~,~io~ verrti•l ~·t•. ·•t liJ~ •m&•tt 

u e;ve~-lap zone w1t:h eutn·gy leJvelt on. N.ok aicl• ditt•t>iag by 
~ " , t • > .... fii • J • ·

0 
I 

a log :r~ thm5.c . Ptto:to~ G~ ~ •'• ·. -~J);at.~ ~rlitlltal ta.t6. tlO atfb 

t:na1.oate th•se -va·tiatione :t ·tvi-A·tien•- in -•atgy •,• ••K~••tt4 
{ • ' • ~ ,, ~ • .,. ~ • 1 ' 

by A0 oou14 _ ~o't ~· o~~oot~. « ,-~-~ ~r~inl \iMf tritlt aa, ;t•·gr.• 
of eertaJ:n. '· - ~ ho,,..~Y . r, it a•e• na.je-bl• tlul"b aoa:t:~tting ot 

'- . 
e:ne't*b1 'bet'wtf-e-.n 11;0° .an,ti lli$ mar Q'O • 40.nte•u•aoe ot _:_ ·i• 

• • • .. • ~- • ' ' •• • ,. 1 

~tatiou o.f the 1',.. travel tt. ®l'Vt·-• A turih4ar.·. ·1\igpttlOll. 
.r ~ • ' • -

tf'l~ t .hit r. lat.iGnt!tl~p •r be -~•J're4- fram. p-.~«l~ .. ~~·-• 
. - - .. • k ·.· • ,;. . . . •. - . ' j~ 'l 

i.t:a"ha ·ahOWll ln lit:•- ·aa, · l'U. tbi·• :tl.~tre •r• plotuct "Che .-riqO' 
..A - _,. • ' ... ~ 

~;t th·.' ~ft -~ . ~l~ p~··· -~·h ... ,. ~· -··· ·-~gt••· All 

1noJ\eal• ot ~l'~G4 With ·lnor~&1f11 . <It•~• 1.t .. _ ttltpl"~~ tor p• ~ 

~·~·~·11L.rly ea<mgb, ·t:h•· lltf-' _ to 1J0° l•iwrf*l ·11 o•raot.~ . ._ .. 

bf· Q &Wtft~IJ .t ~~~ f ,M.JOllilt tg, l~ ,.riM iQtrw.a~~~ ~

tbtt appa"nt 'thritllold ·~ U0° Wiil•lJ' ••~nMl.. ·hit,.. ,_,.,..,.. 
r , .-. • . ' 

a·~ ~·· Illt.~~n~~· ·wh,lo.h t1att• 4•t.& , l_,a, liJl1 ·~-~ 

1\lrihf,r in~=rttga\1 ~··' 
l•tl4Ml~., (A,c,~lt to~ ;p# a!ht Pt •, -~~- 1-b~ in flg,, 14• 

V.rlan>C--et betweett ob', :ttfttlonal. 4a"ta an4 theoret!4al ·4•ta haY• 
' . . 

'ba•u •leulat•« f~-mtl .,mO(>t.}}•4 av.-~et of th' ~bit~t~o~1 

•••• lt S.1 .al?J*rttnt tPJt;t th• lo•ti: ,e•tod "rtd.•~ttl 4ata •• 



·t. .-.itattwq Mri ~•rl¥ ~- .ag~•t wtta it:N.•tv.• Ill•" 

p$r'iod Terti•l, ~-\ ·~• horiaont4l 4.t&. Jh• lt:rt• agatlw 

rea'ldu•l• ·Whioh t..alt:•tMJ t~t ot.••~•:iit~l .--sl.9 •t ?• at 
i I 

pl·J . •re ._ \'iM _ le.~p -e~_..4 . to tlteor-t1ea'l .-i:~et ~- f~c~ot.t 

..._rying l:ietwe11. 10 ua I• ~J,rt,-.ati:qlJ' ••-P• hori~-oakl . 
• • t ,• • • ' ; - - ~~~ /. t ~ I 

eotrtpOtt~at dt~o~ .. .,nt:o~ . ar. ... !-~%!~ -~-,~~~ i~. acrt.-.nt wt-ih tn.~q 

ttl7 the ·tf pbaa•-• be:fti ·•hm,t. ~b.t .. l~~~t ·•"te-l!'a~ licor,pt.nO¥., 

..... - ~ . j ......... ·· ··I · 

.. ~~ - ~!~ '•"- ~~· :•Ix~. l~ .. ~~~··. 11_ 'tiolt l~t ,_.,_.l..., 
...................... ..... ~-:r:·: ~- --~-- _· .• ,._ •. , .. \-••• .,.., ........ '": ••.• ~ • · 
!11 ''!1111 •• ~. - ~ ... ·~ •• ~. ~·~~ - ~- ~~- ~ :!"''":~ : ~':'~ .. ~ ... ~~ · ~,, -- ~· - •,.,..,. .. 

tboa• ............. t .... . ,.., ......... ,._,.1 ~~- ....... . .... 
• .• • • • .; .. , ~ o. •. . - • ~ • ·•·· • • -- , ., , ~- -. •• • •• , • • • • r • . • • , . -~~ 
'lwH •·~~_. :8~1lti· 1J•t,..,.~lle~. ••• '"'.., •• Wltull 

• ' " ' f • ~ · ' ' ' • , • I • ' .._. '• •; < ~ • -~ • -,1.. . ' •· ' • I··,':' I' '.' ~ ' f" •. , . • I • . ,_ ' 1, 

4t~••· ·..-y )WifJ¥ -" a'riM"'IM ·a:ret 
. . ' .... ' ' ,,, '• :.. ' ... ··- - ' . .... ~ " ,,,.A ..... ~~.~~~~~-~ ~- ~-~\t· _ ~-· 1111~ ·to -~ 

. -

' l' .... ..,.a.a ··~'!\--~ ..... ~., .... 'lllililw:i*...,.,. ,. --\ .. ~· ...... ·t' ~-- . . _, .wu .,... ll'~•·~~- ~ .•• :..,.. .· .-. . •""' '\i• • · :nr~ t,. 

t . ,,.:~~·- .~~ -~t~:.u- ti ... ·~~- - ~- .tile ktc•~•t · a..-. 

·tt >·,~i.t~~ ~ ~~~·•••~ ftall ftf"lil\toq •t 
th•· --1• .r· l.J':c!aun or ·HM•·ttoa lutt1t· .tt. 

~ ~ • 1 ,. r. -..- .,. • • .~ . . 

·-ooa ._ ••. }4rs;• 'Ml'rittt:•• tu the..,.., ··ot .-.,.c; 
~ . ' . . , ~ ...... _,. ' . ' ~ . . . •.. ..-· -· . . . . ' 

· .,.ht.tt_., ~~- 1o.&tttl•ial •""-• s.a••• tl*ft1 
> -'- .!"' • ;·.~ • •)I · • t •':·~ ··~ "o ·, l ' . I • • ; • ' ' ' •"< . ' • ~ • : 

~t•· ~~·~ . ~•': 'at _;an & e:rttt-•1 ,.•"--·· !•:-
, . . . ,. 

~ri«M utrh •t · ~.._ •• l •; · Wh:littt " . ••t•ftJ.i_. .. .. , - . ' ... •, .• ·: ' .. . _, · ··, , . . ... : - "·"' . .. ' . ' 
,. , ... 1-,_., .~.,.. St, ........ ~ ... lUI • ... ,J ... .... 



inoit•no•· ·on: -all4 wltb1n ,:- ""• S.ll •tatio.u iJt 10 thtll 

p;--.M 41apxro·pot-tt&ut~e -.tti~iJi<Yfll< in P•-

. · ¢b8or1$t1ona1 44\ta. fOf>' J. · '* *'" W'AWl:l J..n Jlgj• 16 __, 1'• . . . .. - ·- . . I . . . . 

•••l"'i~7 ot ~h~t peJ!ilod r· ~ -. fi~ng• at ~-1-•~~•n•·• anGrier than 

160·0 l• croe1\tio.ned . by the oomp!AS!ty ot plate Mt-ioa .&em 165° 
' • . I .\ '- . '" ·, .•. ' • '> • ~ • 

t -o l$0°t hence~ o~. ·~:ne _ te•d.i~ ·~· taken in thif- .int-e~l 

an4 t~t ·•• rf~!~~re4 at .P1•, . l:t ,..tl.l b6 not•4 ~bat •••tal 
Pe.' rta4i~ are •hen 1~ the lo~ PiJrio.d t®l;pon~.nt <lfl.ta of 

Ptg. 16 at ~1·~~·~ b't.-.e· ~ 14~0 -*~ ~IOet t _ •• Q~• rv.tio-ut 

'flhioh ••re reret1rded •• w .. k ~•rg .nt · :$!1· not at all on j]\Ort 
' . . - ~ 

p~·J-!Oil 1~-tru:. •nu1 t:~pr· ·:s·EJ'n't; _ to•l point ·tbs<t.rut iolll Q.l t• 
Nt~>t I c-:r~1,_ . :l•t•~-.nee to H •, 11 ~tll th~ tb.at frm.n. . ~o:ng 

~riEl<l ~.~'tical Jteo·~~ding!· .\h .. ·. a · rag~ h-e· ~f the: ·••• l t.o•l 

poin-t· ~ t~1l•l'· ~~7'!-'·~· •ll!r~) _thin _tbtJ *-·~· ... ot· the 

lo ; 1 hcJ .-.. t _ t0oai ~11lt··· , .. ~Y a11 .~oul\'b 0-·• !,. by • F&oto.J' 

ot a. -- ~othe~· ~i~~ft:·C.~ r..._~~- ·(J.f the P~' o\a r'fttio~l 

. 4•ta ~- ·that ~·!'41. h~~-• ·_,1tbt~h ':ll~ht . indiet:t• ,a heal 'PP-ln't• 

are !tOt •Tt.·4ene:f.'d {e~~ept ot e~H~ ~hat at. 14~0). 

(;A0-...'!) 't*Ji~du•1• ~n fl :- -~6 ~h¢W tha• -shott ~r.-iad ~r

tiea1 obe~ N.tiO¥J , t~ to·o _l ·re· · compared to the·GtT by :tut 

awrntje teeiJqr ot ·about .t. ~ . · r'!tt~d da.-~ aPFt'a~ t-~~ · l&.r~t 
..-. ... .. . . 

t~-1 t!• dll'k; theotY and ob:aotv&tl~ ~.re in t ·ir f);2;~d 
~ I ' ~ . • '\- I J • ' • • ' I • • I 'I • -



tall•tft tl'\1 ·~ •t lfS~ obtt;t~l'ftd hotli·orn.l ~- :•niea.J. ...,~fl• 

•..-. ,..,.. · tr>~ l•·rg• by .b.ottJ~t· v«ry.i.n. t~·• e t-• 1••· Wf rdG*t 

.-..aonab'ly •qe·ot: -eur '*·'· · :~u~ fQ tht_ 8l.;bwrn.~91. ot ttG• · 

t~ . uwt· o.b'lt1"~ &Wpll1r~~.{perl~ ,.tio* ·~oa •~•· •1>•* 1iWl• 

that 1a4iut~ f"e!ll t'~4f.&~~ f,ll!_a. .&tit•• f·r•-tn. t•o:t ._:tat . 
. ' ~ I . 

«'t ~~~~~· ~r _'1 .o• l'a•. hom~ tid~ ot·_ ~~ ea.rih ~· bP 

11 ..... to oo:tn~14-e wl~h ~- _ P1t . ~til.'ri~ .t~ \be oppo .• i .tw 

fldt o'f the ftr.tn-.· ~ [~~~,. ~ ·... 'lfou.W u'b -,~at . thll ~1a_. 

to:to.-m to ""rodtu,,.~ eno~olifft ~Y ta·ot-o.rl of 6 t .o 14, 
~ ' • -":~ • ~ • "' .. • if' 

!!tl:ationl'hi~ ~~- P' .to P.P 
' . . lf '' .!I ... .! ..... . .· ' ( -.. J' . Ji 

f'eatuJt•t · ~- dt,,·e~· · net · • t ~ .. ¥ 4~:ba to·r p. • may b• 
::.. -~ . . ' ~ ·' .. 

tu~he~· M&l~te ~Y co.,rl~·Qn ttJ d . ta. for P.P* ~--&~ti-.1 

fi.nd Ob-Qrftt'l~rtal ~~t*l$:0 . t• 'iJI)Qti1U . ·y flgJ• 19 "0 $6 ·lic~· 
. ~ ·\ . 

-
I:t wl~i1 'M note« . ·" · · ·t tn t~: . _,ttcu-r•~J\ a-g~c.al •l~ee . or_ ~i;i•Cf 

, ' 

• ._ _plo·\~ ~n ·~·-~t~~ ~~~! ~~~()r. w~eh •tt.wt ·tJ-. 

theo~!c.ll ·~~~··~·-~ ~~' S~ PJ. .-. •· .19 . ~ · lP • u• t}u.l•-e 

whltth '-• be•ft ,_~•t1r· ·41"&w•t4 ··il!Urt4u~1lar t•r· If· ·'or ft' · ... . •.. 
•••~'t.ta.al h.ta _•"-'· ~h.tm~t .. tn ~~· • ll,. ~:2~ a;n4 at .• 

for p.-otwtl· J)~' tJl'b•:""'tt~l eun . olea·~ ld ;]1~if!e~t1.on of 
:. - . ~ . ~ : .. ,, .· . ' . . . . -·· . ... . . . . 

\J~tl~ " -•• ,.. ~ ••h ~!11;· .~~~ . :1-s . flf'le<~tt .saJ"'~I, $l1~h ie 

-~··· tr•ttt~nt13'. -~ th•-~--.. . ~ R$t!"\!·r 1, readi· {IS t ·rom Be:tU.,ot-r 

.b'll'ttu•llb o~ whtcb t'h~ S:b~.,lt te 'sgni~eati<llt t• not ktl:~ . 
• r ~ ' ·, "' ! ' • ( .. 



i:U __ the.a. oae~ _ •r• ~l~.ul.a~ bY, u•• -~t h~h. '• _fal•· llt 

Obe~rve.i Jft!tioe wh.ile relativo-~1 -~ff'l! l i.l ~.,. •r• ot fletinttt 
• • , ... - • l ... ... .. , . ·~ ' ·.. ' • ' • 

•1~~rt. the __ only . ~?U~tt-ts ~t -·~~:t t(J wb~<th obJe~tioal data 

&..N fl]bj~ot l!W$ mea•~!~llg •rror•,. 

0-&mpatii.•on &f Figt 191fi th, figa. 11:, f•-. antt !J a~ 
. : ~ . .... ~- .. . . . . .· .. ~ . • . ' 

tha~ amplitude/period ~.t1-~ to1! p•fn a.r" !ll"'*t' ,., tha.l1 the_.o• 
. . ·.· . _. ~ ' . . .. , '· ;(,.. . ~ ' '. ... 

:ratica.l va.luatl by ~n o."V"era ~e ~Qt_G, of ~b01at s. Ptt• Jf:'ejiaU;•lJ' 
• • • • •• ~ • ' • ' • ·• • ' " -~-· f • •' ' • ... • • ': • t - • .. • • 

4!.euaaed relatio-n,hlp·• "t PP t i.. .. i• ftr·ianc·-. •11 be _:-.ttr.11N~ 
• '.. ' ., ·., -. • .... • • ~ ~ • ., -~I_ • .. ·f'· . ~ .. • t 

ia th• Min to P'* • flt ,_rapt • . ~ne1r4Ue i~ · •1~• - tt ob,t~·~d . 
·- ' , . ' ' .. 

rat! .. h-om 110~ ,. lt$• Jnq l..t••te _t~'t tdttint: tr.."ftl. 
- " .. • • ·;,. - 11>. .. - .. • .... _ ! • .. . • l . -~ • •' 

't. 

•• tr• -.,.~tt~-.1 \•t~ntc (Fit,•~• :$'1 ·and •t.> illf'!''*'-
1 ~- • 

\ha.~ b~n 1•&0 UA .t'J• a..ptt.-••/,..rt_, ratt·q . \ttlty cr••tlf 
• ~· • f ' '! . • •' ;.. . ... ·- -- • • · .-. ' '· ' . : • ~ . .~.:: · .. .. ' l . .... ~ ~ . -· . 

4el**llllC . <ln lJtt~~nt.l ~--ft•t•t!-ttt•••, ,.hlt•:rttl•a · b 
• ,.. ~ ,, , .... ; •• • t • : · ~ •• .-., • .-· • oro- •• · • ~- ,. , • . ., · •• •· • 

tu•• nt1o. ••part~~•• · a«d ~o ~· M<Nltarlti.t ·• tht.'t ••i•t 
:b the ,a. pa,...t• .. ;• ls ptt..rS. .. w.-r-1.-.tt,co~ &H !n tt....,btQ.M 

« • . .. • "1- ;t ' ~ • ' .... ..! ·!· . ,. . . 

wlatle~· 411 ~~--·• ot l&tCk !·~1~ _ o~:t·l~ltt.l t~ .. th• .r• 
ph&,., ~u••• ot Whl•h ._~ •re no~ _ ol•e.rly qtl4er,tto~. 

''"· . 11 ~- tJ, .ita ~dd;t"ll'on to rt,, • . l~ .... ll c;on~;tl ... ;l: 
- ~ • • ~ • - :' ~- ~ - ~ ' • • ~; i .. ~ • 

·ike -..14•6 . wtd.«h . -.a ~· '"'*nted to ~h~ af"lit.tion. ll't tbt 
' . . ' . ~ . . ; " , .. ·-: - . . . ; . 

cl~~" ot i:!wt tooal poltft.-Wl~h. p.ri~.· .. er ~o:o.r4•. 4 actt1o:f.l• 
. . . -. ' ' . . ' 

''- •.mt.-tt.on· ot ,ft~~~ . '' ~ ~~ •tttx· t-• th~~t ,e-rlJ4 . 
- . '" J . • ·":'~· ~.r .. ·:~ .•• , · ; . • ,f 

IOCM.l pot•t at }4.,-. 1~• ,,....t .. a.t. !.a Pt·c• . t~ •~t.'lt •••• 



a'blubtut tJU,ti.oau •t tn. ~-.1 .. ,., r•r l•s•~ --ne 

acnlont i_a r•&J.,•t•n« a,t tut..••'• thOrtet tlitut ~·~0~. 
"' ,. ' ~ ' 

Thee. 1~ont~~t~, _ e~att~-' lw, ~~1t•• ·ei '•-pe..tt' ti.7° 

in ·r.s.gt,• 1~_. 11. • 1~ -.t:e e,)"e.tq -evid~•••..t: t• J:~a•-., !l• ••• 
' . ' . ~ ' -- ' ' - • ( ~ . . ~ ... . . . . . ' ' . ~ - .. 

and 21:+ r~om th• two &·•t• ~>f o~-r~"n' •l'\kE*r a te'04l poi*' 
.~ < ' > • r .. • .~ .,., '-" ' ·' ~ J. ' • ~ ' ' • ' • • > 

or u ••r:g- dFOf l• ii'\41e~te4 altL l,..fri.:&_ ·•r . ~~'~- . ••cr't P.ri.a 
~ ,_ • •o , ·.~· • • • "<!', .,. ; <'; i ' . , r 

4ata •~·s&e•t a hop ;lll •n•rfl lJ•~t.ft: lf'l0 ·...t :167° .- ••• 
. ' .. . ' . . . . ... ,_. . ,. ',. . ' . ... ' ... - ~ . . . ... • . .- ' . . 

a total potnt at ~11:'.1 - lfll+l 'PlriM ·•• • · la tb.it tiltta~" ia• 
~ . -. t• •• . ·• t • 1 >. • • ' • • • • . . ,.._ • • - '"~ ·. • ~ ~ · <F . • • l • • • .- . . • -: • ' 

t•~1 fllh•·• -~ l~J!~·- 0~ ~-l"· ~" .... ~~---~ lifO ac4, 

~_. th.-_ •• t:t a - ~h.•·• *'· .li,~11., · ·~b• ._.. Wld;;eh haft bua-

a·t.•·••~ ··~ ,beli•~ to iu4i~·- tlu\t t;- pc·la'b c.,. Fit• 1.: 

iJ lt>oate4 ' aet..r ~6'~~:, 
. .. • .. . 

Aif :.U•ta•a• j~•t bey.o~ .l.G;f1la~l tntvrw..··ll-t& (ftg ~~. 
I 1 •• ' f .,_ • • • i ' ' ~ • ' · • ' - · • ·• ""' 1· ~ . ~ "' '• • • • , • I 

22:*fl) . trrt4e-. & repl<J; ·<lro11 ·ln. •n•rg: rtMJpti~n W;ld. ~a •pje&rt: 
. ·· ·- ' . ·• ..... . . . ' . ,. ... .. ;. ·' . . ' . . 

t·W~ '• • •htla•--~- •£teo~• 4:\ ~i,•tt.no•• ~p:pr•e.hiq 
• t ' ~ ' ' _, . , ' ' ' '• y, -; • ' ~ T ' • ~ < ''' ' • ' 

to 11~~. •1l i-t~t&l 4&\fl ~ioa~u. an al.lwpt. ria•· .1:• 
- ' . • , •' ~ ' ' . ,_ . I 

ear•~ It ia wQJ!th aotiQg tlw.t t~ bcr1-e.g.ate.1 l•'ttulli!llUia 
- •• ' ,, • f ... . '·. ' •• 

.. t di.i&*noea u.e&:JW 1.7&., .th• a ,_~io l•"•l Ahf\il.l to ••~lt 
" " ' ' • ':, • ' · ' ·' ,.- ' • '" ' • . -~ - · L • , .. ·_', , _j • , • - • , .• • L • r 

or ~"' "t~H. ~t •·h~ ~:; Wx·t.i•l 1.-tl'\J•;at_.. lhil• thlt 
• _ _ _h~ ~- , · . · ·• . · ·_ · · · - · . " - : · it is further 

.Al*~:WU.h·Jip _,. 1i~• ·'lf4.tbia 1~--· ·•t G:z7•"/ aub•t&Ji1tiat.O 
0 

"' 0 ,• ' \ 1 • .~ ', ~ -· , <. .f ' ~ ' 0 ' , , .<•- '. , " ' 
0 

" "• "( ":-"' • , I ' 

..-11'-"~· -; ¥.'tc•* l1..- -· -~ ll•' ••••• -~~ -.r. 110. ' ., ~ ' ' • ' · " .~· • " · · ~ · I 1 1 ·,\' ,. • · > ;, ' ' ' ., ' < •;, •· ' ; ..,. ., -' · ·-. "'I • -n~ • '• .,_ • ' 1 ' 

. . . ' 

th~_. .. . ,n~~ o.r, •~r~*'!~l -~• , '«al~H ~··~- t~tl . vtur~l~ _ 
' ' 

·awl"&.&•t \f.J to:~~thtai~ ~n'• _Q.f o"4 t~ :t.o vhi•a ~·1'"-•itad 
• . • · :· · l. · . · ,· I • • · · ~. • · ~- o· • ., - f '. • ,._. ~ , • ., 1- , y • • 

' ' 

>to. t&e'~• . ·Qt o••f•rth to o~ .... t.tnth., We: ·w:OuMi · ~~ 



h. ritr.OII•l inat · nta loeat 4 at 17&• to re iat · r v- ry 11ttl• 

etion tr· raya "' the pt lougitudi 1 .,. wh1eh llaft tMwle4 

nnrly 41r•otly through the -• rtb ana •hioh r•acb the ~rtaoe 

zontal ob1enational d ta t:tt Fi ·• 83 11'ldie&te- that the n.ye t 

the .,._,. arrinng ~ar 171 haw -aa •pp~1a'ble a;rue:re.n~ angl• 

ot inc1deno • Y' • cntl' limpltt.t -G. th ery •• shewn in F! •• 9 

nS.tude of horiaoatal ratiot · v 

of vertical rat1••• fh1.a dl•-· ,.epanoy in 4;ata f · horizo1ltal 

in•t JIU.lllente .y eu . at the following-• 1. that the true a 1• 

ot in~t.4en e of Pl• ne r 1?&
0 

lt actuallJ · eh reawr t au,. 

poee4J -Or 2, that t ..... d: n · ~t ·arrJ:ve at th$ eurtac·• with 

tu4inal •ve d_iatri ~•·• t •lt or mi rat•e ld tbin the ••• troni; 

nd thut .,-1V1 rt•• to a o·oapon•nt fd hodz-ontal . o'tiOAJ or '• 

that amall iuoou oi•• tn ln•t111 at intt 11 tiona reeult in 

.e amplttu4e tr otlon ot •mall inetdent 

an l.e. Of tb •• tu~ _ tion ft . · y t iiat.ly <llaeount , 1 

from oon•t4 rati ons of travel t . da 1 • 2 an4 No. S Will 

require exteneive ee1~•tder tion ot •la•tic • pr-opa~ ation t h ory 

4.i aorepano-1 a 11ot..t • 

Comparison of ·•,•rn4 -plltu4e/per1td rat1o• ot Pg' to 

t hoe-e of PP a.r• ahewn in Fi •· 24, 25• and 26. Th••• data, 

e . par.t 'to theo••t1oe.l •lu • of F1 •• 19 a.ncl 20, turth•r 

aub-sta.nt1ate A0 data i n that P2 • ti·o appe&.r too high by 



· ct.ore of 2. The rite i n patio value· by fl otora of 2 to a 

from 170°. to 116° la ot euch .i,tude · s to au 0 8 t retn• 

toroe nt ot pbas e pre'Viou 1y ention . • n· te. at th&se· 

diat&noes are too scant for · onolusion J nonethel a , it ia 

odd that the sparse ob enc'tiona n&ar 115° should indioate 

hortz:emt 1 o on nt in P2 • l a · t-han o? equ 1 to that ot P1 • • 

Th1• it contrary to th ry a ·e"ri4enoed by i ge. 9, 10; · nd 16. 

P2 • arrt ·a near 171° w1:th 1.!0 an le ot ineid•noe J at .175° • P1' 

with 1••• than 1° angle or iacidenee ahoul4 h•ve nearly un-

nent. !hie aug eta that the di • 

orepanote• erlc\1 ·need by horl~ontal i~tl"Wnent ar• :r latecl 

to the ng.lea ot inoid. nee . 

POSSIBLE XPLANA'l'IOIJS OF V. IANCBS 

fhe exietenc• ot mult1pl pha••• in th P' wave haa 

long b en known. Gutenberg and Richter (191 • p 8i•92) have 

dleoueaed multipl.1city and liated travel timea for zltiple 

phe.1e ef P'.• Aftil.ability of additional dat has de po • 

aible the relation of period . n4 multip·lioity. 

The P' t;ra.vel time 4 ta which M. be n di,ou e.,d ug• 

ge t diepertionJ this ie th dependency of v loci ty on n.ve 

len th OP frequency. In a diaper i v mediu 

traiu oan b pFopagated without distortion of wav. tormJ a.n,y 

motion containing differ nt harmonic component will 

undergo d1$tortion 'Wh!eh incre ••• •1 th ti • elutions O:f . 



qu tloll tor t • is c • l ad to pr · io · · 

tor ? looity _ t propag· tion which - ra 4epend nt upon phy.ti 1 

on t nt uob t t t , uen., of 

r sult. Constanta whit d .t - n veloc1 ty y .ary e · tia1ly 

or th · ~ .ey With th trequeaoy t pplied tion. Por 

the o e\ in whieh tr qu . noy to . th proportio 11ty 

1 pr ••r _ • a h . cmi otiC!Jn eont tnin o · nen.t ta -
l ·ocity T d tined in t 

.. nd 'l'e J1U · . F Jt &e 

• . ; f,J.~. 
u L k· . t. 

i=l 

•• in Yh1 h proport~ o li ty 1.• no 

n 

... ;£ i z V;{, 
i=l 

t( ). the ftri ti()lt ot trequ ·_uey with 

gl'oup loci ty t lt we xpre•e fl' quency V in t ot 

l•ng h f... 114 Te1ocity 

,) .. kT ~ v/)\ 

t(v) a ~/o 



whi h t• th w 11 known equatin t r reup velocity uaooia. 

wi\b 41•,-nion. Jettreya (lt'i• p ' 79) baa •hGWD that ;.t~ioct•• 

ave l•ngth • and - e nloci 1e are pro t•d w1 th t - roup 

velocity in 4ie ra1 eli•• while !.d5:d4ual oo ponenta oba - • 

their ,-:r1-0cla, v. len ha, d ••looiti aa th y travel. 

!hta r ault " r llted by •• that e enent - pU• 

an optiama • 

yrea 

b r whioh prt-pa ~• te-- th xi d iatu:r aoe. 

bly e- crt 4t :r -ion within the. rth to oc - r 

ul!d:er diffe- nt • - 't' ot condit1o-'D• 0-u o ~. the·••· nfera o h 

ca -• of a ha onio <tion traveli loD lay red _ia 1 the in• 

41t~ -r•nt prtl»prti •• d1•per•i• etfectt cu Mlult-. Th - -• 

o - i1'0U.:nt of the moti n whioh ha'" l&r r .,.. le -'tha a:r au}). 

jeo-t to pr-ope. a · iGn w1~h Teloe1 -lee propertio ·1 to t . a ra • 

Ye1oc1t)' ot all t laye.-a, whil c oneuta ot • 11•• 

ve le · . h are ubj•· t t pr - tion With t ..,. • .._ • 1• 

ooity of a t t larera. !hue, 4..,end1n. up a .. 1. 

oeitv 41 tl"ibut1-oa within th lqert lut nt . s die• 

tu no• y be 41• r• d into a wa r . 1n i •hieh the o~ 

• rnd Pio4, •• nta at Ad y itably ohoaen lnatl'tl nt-e .. 

11 • n to inor -•• OJ!" deere •• th 1noreaain time a 41a• 

tan•-. An x. · le ot thie typ t die reio:n is obe•rved in 

'RI. i'hia c•••· h.$.• been d1eoue&-e4 by u 



(1M?) J hom plrioel d .n.Qe he ha ehowrt that urtace w 

.... .,.. riod riationa a ot tu • nttu4e 

ae in4ieated by theory. ',-104 r .iatioae wl h dt.atanoe are 

ah to ot t · orc:l .1" 1-•' x 10 
4 •"f. • 

!he ••,oond ••t of co 41 ti.ont whioh UU to att . J"fl.iOn 

· iua. 

Aldaot pUm y , tiatton 

d. ·peatln upon t of · p ·lt It tl-01'1; e tber of these 

d.la to be 

. ioal••• 

diaOtJs ed above, The ?Obl . 

0. e ••J~T complex. ietNction •t · ·i ·oont 1nui ty betw :u 

no 41a . rat · ia t dt.tter nt r-o . rite• ia d1s-eua, d 

1nant 

4isturba.n la en to be •• - in. . '1 grOllp 

It 1• bell Y_d th t the 

tion• a toci .ted wit t.b t 1 t inter-



P"t.i •• a oona•quenc• t • - to 

whiok ':! be anal& • to t above. 

•• 1gh\ 'beet be app.roxiate4 'bJ 

ot diaper•lon--a tora 

The t OJ"'Y I' thia 

1 .. 1 1 •lationtbipe 

•• laa been clone tor IU-r~ o •• ·•· lhd'o u~~ately,. 4 t. cm 

the phaa• $XS (•h1eh 1-• p~o.pagated to and tr · th• ore as 

cliatorii 1 1110t1oa) 11 ne•••••l7 beto.-. · ·1r1 1 •atrapo

la'lione y 'be potitively eatabliah «• f'hia aria • in vin 

ot ta• taet that ool"e , tn.Yel tiMe tor ehon•r 4t•tanoea 

an not be d•te - DfJ4 tr. pt d ·ta alone. 

The e J'l -tra .1 t • have here been oaloulated from F1 . ,. 

I? by the thod d«eeribecl on pa lS. The re lte -ot t h1a 

proe•dure tt•r a · nt of e'ftluatin , lneotar a _ 1& poa.•1bl-e. 

th rlatiou _ in time. periocl alld d1ata. ce t the P~ pha •. 

An asaumpticn ln all eore t v· l. time ealoul tiona 1a that 

no notio able ._ ia . r - ion etf-t.e uln fer th PoP (or So ) 

pha"'• ! • the tteot• which ap r to be con.tine4 to the 

re prope~~ v1 .. e4 aa th ~•ult et diapertion 

f~"• paaaa. • thrw hwt the earth. ·a.- , ite· or the tra.-.1 

ti oaloulatione tor all p •• ar shown in ,ig. 29. Thea$ 

result-a, e.r• aot to 'bet eoutru d a beiftl quantitativ•ly 

oon•ot. A.p ru.t . looit1•a ~ PoP and P' wer detemiae4 

by uat othe4 1.lope aur _ . at n4 are thul au'bjeot to appre• 

oia'ble errert. the relatieu portr&yM by Fi • 2t are aon clearly 

rtau.altt:u tn F1 ·• so. Ira •1 . ot to un., rt&inti • att e 



to the oaloulat1o _ ot ft • 2i, path nkt1o lpa •• ahon 

in ,1,. 80 oaa oaly be ctual1t&t1w. AD ••••p~ioa ia the 

Fig. 10 portrayal i.e that ta• r&TI tn.wl a I etr1oal th 

1" out ot the 

o r. are 4• _ 1'111.cl era. · ioally ha oore tra 1 t1ta da.ta• 

Path 1at.louh1pa wlliol\ ar _. ah ·. 1a th core a in-

terpol& twMa tb.• poia • ·E ea.-try aDd exit. • ... in-

ariati:na in diatano at:ld path. 4t p.adi . o th• ara. tar 

ot aotioa are •Y1--nt. fh1a 1a · rt1nla.r.ly clearly lhowa 

by tile 1o · period P1 • tiea ( troa 14· 0 to liT 

arriw-a w1 group 1 tra . 1 U.a) or · r1G4 P" 

ti J th••• pha•a _ y arri at th• urtace ot • rth 

at W1 

iu the • • 

in U : t . o eS •~" 

.1. Dii~rait~ 

b 

botll ·ent4ar th · on 

· at.r r•Wd 

ot • two t llo 

e las· i we. e t.b• pla · · wi tbil'l *• 

d11Wr e d.ur1 1 '\1 outarcl _ pr pag io t• • o eort it-

va 1 a ·- •· • 

reaao bly etpeot that diaperaion ri • th 1No\lo . 

ot prop& \1en 1 ich • n • i ivi l r pa 7 arr1~ 

at diftennt lo Uo • on th• eore. on r tra.ot1Qn into the 



oo , the iml1vi4ual g~ou~ are 1"1ttraote4 ditf'enntly by 

aen .of their ditt•ri . , an le,~·-· the 4llt:*ttae4 tN.ln 

1• thua M-H wi .:ely lp by th OON•· 

e. Di•persion 0 ' el tic ftY ta .. pl••• wi thi ' the 

oore. In thil eaa • to~ 1 . plitied oon41 t1ems • tlu!t· inoi.ent 

motion 1 .• asau.med to be dia,.r:ari at th eore contut. 1'he 

1ndivi4u&l eompo-n't• tre:rel d1.tter:ent patha with different 

ftloci ties • In thie ca• t · core of the arth xhihi t 

pro~rtie more 11 thea o a Yl•eou• aediu tor lon period 

• •• llements of •olu tn the core '"· react quit• dithar

ently to tM short er1o4 oo.mponente of an 1no14•nt ctien. 

Both of th t · eate · r. aubject to fUrthl .- o pledt1 • 

ariaing from d1 f fn.ot1oa--or he • tt•rL"l W'hioh r lt 

.rum a plane Te i r•£1 · eted or retract at. au!"taoe 

with ll radiu · ot euM"ature. C•Ftainl.y' the aa uapti~JD o.t 

pl.ane · tion ean no longer 'he tel)abl• for propagatioll in th• 

v1oin1 ty of the inn•r o,ore 

At beet 1t o&n aa y•t only b · ta.ted tha • tt•ota of 

d.1•peraion are ev1d nc..S by th pt phaeea. · o .ane are 

an1labl.e by .. eh riod, ftloci18y, an4 die·tenoe nriablee 

may be differ ntiate • ·ther th type of diapenion . 7 

no 1 er abnoral oauot be ta.tri witheut ad.ditiol'le.l 4 ta. 



~·' h~~t tl, 1§• ,J 

Date wni•h have b••n di1eut•td imU.-n t • that the point c_. 

flg • 1, 1• located at er nu.r 18T0 ep1eentral 4lt<tano.e. Ob• 

aerYed pe.~t•~ f1tlat.l--hipl, ft.~t 11, 11, Itt ana II b-

41ottt. 'that an a'b"pt o,r:op in energy ocoura at aligh'tly l.At-mer

d.latanc•• Oltly the abort p•rio41 Ptg. 11, att. in4ioate a 

gndual deol1n• in .urv ·1$vel ~.,..,. th• Utta•• 1nt•~l •t 

wb1oh .lea er perlod iutrument. l'.OOr-4 u abrupt 4tto-p. thi• 

ftriation aug eat·t that th• poil'lt C tor lo · _ and t'hort IHJ-ri-M 

Mt1ofJt 111.7 be de't ~m~ or 41-fte·r•nt oond.i~iona. 

re.. long p rlod oticm, Fig,. 10 ln41catee tbat ~h• po1l'tt 

e at 15'1° may ~ .Set l."Jld,n.d by th• •t z• ot the tnn•"' oore. 

BtMqy b that p:ot"Cion _ ot th w . · W'hioh gl"& the inner oore 

ar.-.t.w• t or aear 1 1•, that portion of th• ftve •hioh 11 

t~o1dent with large angle up~ the highly our...t aurf ce ot 

the lnn•-r core -.y b •o cU.tfrac.t -d o-r 41et•ipated. •• to a __ oouat 

for th-o e.brupt drop ln the a..-nt ot •nergy (fts• 14) r.-

e 1 4 at a lightly larger epio•nt~l 41 t•no•• • fht phAae 

(rig. If) y r.pre.tent , -hat portiotl ot the •w whtoh ie 

liftracte« e.r«ntd the lnner core. fhoce port1ou ot tb• 

wan tu14 nt wl th • · . 11e1' e.agle upOD the imt r core *" 
UN •d11 Tla~ liaed u b•tns retnoted or 1'etleotet~. 

Ou \he o1;her haad it Cl<Mta not nftee,auily tollw that 

the path ot ppo.pagati·on ot then pe;t1M . tloa WOtald b• the 



• &a that of lo er · .. tod. ot1on.. In a re . ion oharao• 

terihd by a rapid 1nor •• o£ looi ty 1ri th de.pth ah-ertep 

peP1-o4 otio , de,.n4ia on the angl ot inoideno • 

telld to tollow or• N&d11y th• , t:h ot l"etn.ctl 

by the .,elooi ty •rla'tlorh !h• gra ual de 11 

tr l•f«' t 16&0 (rta. lft) 

tlon • 

la at ... • · h•n•d by ttt. ine~ at ot · t1 w1 th 41 DO •• 

8h01nl tn 1 • 18• fhul, , tM:nt d. - • t . too 1 

polnt C for . abort ptrl~ · tio •P ar• to b 4 teN! by 

wl ty 4trirlbutlon Wlthiu th ••• 'lh1 ta th• retul'b 

'Whioh Gut.abepg ud tich-r (1919• p lll) hav• •howa. For 

long peri · t lO!If tn. po t C a · · ·ra to b intlu.•nc .. d by 

th• atze ot th 1aa.r ooN.-

.la -· -.rp.. !!.. !! J> ' ••• 

Dl• repano.tea betw.ten tbJtor•t.toal ••• ob er'fttiou.l dat · 

tor _ pha1ea att•o · _ by the oore ot »• -.rth ha•e b . n ot«\ 

by Man r (l d). •aul: • trOlll tt r.• ln •ti . tion. a · 

altt t.u preaent one., indicate that hcrieontal . oneute· 

ea1.et l~ thoe-e lo 1tucl1al pha••• whoee pe.'th t tra• ·1 1a 

determin · d by th . core ot th ,rth d~D4ent the an 1 • 

ot tnolden at th 'OUt r core ·oontaot nd the e n.oterl•tlc• 

t -the recordS. lnet 11t1 • fhl• 41·••,..pancy it not !Vi• 

4•neecl to amy de ree b•yond limite ot eJ&J'Or 1n data tr no•• 



p.&aea a1ach aa PP aJld p. Jllrtaar (op oit. p 17) haa d1acuaeed 

peea1ble oauaea tor the variation• notecl; he has cenelude4 

that ta• eauaee de not ppear ree.aoD&bl,- rela:kd. io the th. o-

retioal eq•Uon tor clieplaoe nt (equation 1, page 5) or to 

I• 'ri.e• ot the DH.r a.gr••••• tR• obaerftti·oal a.ncl 

' 1 

be pNaeat, but ua.obeerftble, tor PP, •1 be agnit'ied by H• 

tleotioa a net ntrao~1on pheaoaeaa at the oore bouDU.ry. Coa-

e14ertng the unUonaly aaaller reaiduals for longer per1o4 

wrtioal inati"WJltJtts, the 41eorepanoiea may be related further 

to the ~riod or wan length of aotion. Still further re

atltiotloaa uy ent.r ·tr oona1derat1oa ot ·p
2

' rea14ual• ( Fig. 

18) la relation to P- aDCl P1 ' re•lduala (Jig. lf). Variat1oa 

ta qua.at1t1ea here conoer..S. are · all when 'ri.e•d ta light 

et poeaible lbti ta ot error 1mpo ed by theory ad ••tb.ocla ot 

p&r1IOD eagge1ta that for hor1• 

&ental tnatrUMat• the diaorepaney i • larger tor -.ll•r aaglea 

t 'l:aetcle • eiue P2 • &Jlll • ot t.a.oideD.oe •ry tr• about 11°· 

to about 1° (at the 145° tooua), whil• P1 • &Dglea ot lao14eaee 

ftry troa 0° at 180° •pioeatral 41etanoe to about 6° at 

ehort.r 4iatanoes. nata troa wrt1oal inatru.nta while 

ariable do not 1n4ioate 11mi.lar relationa. 



A a hat been indioa ted on p ge tO, tU. .aperalon within the 

ntl• 1• aaible. A .u geat d. cauae or related ta.otor tor 

111 di1pere1on -7 an1aotrop1 • .!! uiaotropi.• 1-a pn t 

a d ie re1ate4 to diiJM'r•ion, the d1acr-•paD01ea Wh.1ch haw en -
1• •• ay oonaei'tably b eaplai d aa a oonae .-noe t both. 

!lul relatio ot Uliaotr p1 to elaatio wa propa t:t.on h•• 

er g1•-n ooadit1out elaati .otloa l aai• tropio .4.1a 

7 'be 1 •r ••17 c-_ re- i ul r ptanl7 rotatio l. 

t 

bouoclary aay 1•&4 to th• aplaD&tio» of th dtac.-. a 1·•• aot.d. 

Variatioa• 1n ,- · • F" . . 

ar& e.r wrta·• d by u olie wb.i inolude trawl tl ir• 

regulari t1 •· period ria tiona, n4 Ulp11 tu~/period rat1 

iaonpa t • lt ta 'belte<ve4 that ~aa · o.t the aa eli • which 

-• ., ar1• 

tr • reaetioa of 41 per .. d ta t wlooity 1•tr1 u-

aa ·_ been app11• to th• wr-1 ua r t1eatioaa of diaperaioJl 

a.Dd inautt1cient to aulyse th• · iaoFepaD01•• 

1 · ha' . been dla uaHd. It aa only b · • ted 



... 6-

ar to u. o117' uarelatecl 

a tb.ue th•,- ay o nnlt tr ...,.. . • ·teot. t r ~ 

rr 41·• raie t.a pro b111ty ot eur. . l • ·• •~ ttl• l r 

or on 

n le a.nd. ri d o£ 1aoi4ea 

• tur-e o : • 1 tty: cilatrl 'bu1d. a the 

t r OOA oa · t w14•ly w.ryt. •tt•ote aay realt-. 

y t • pt loa t . 'ttl i 

baa tewal d haractertatioa ot auoh 'tur. a1; ella re1o 

• dltt re oupa t pi a a a-.w •· 

· . • 1 1. n4ual •••• t 

. D41 upe •pi · D 1 · ·~ 

tira .. an4 • .,.11 t arrl"ri. croup 1• r• r-4•cl tr 

110° to 1? lt.r&• pU •ct./period ratio• br ort pertot 

lU .e.b t liT .• ,1 .. ot thia 

lo · ,.ri 

rr DeF - ·ona1d.e the to 1 p to ot thia group tor 

rt peri in tr t• • •r lt7° .1 

1 !t 11 NC r .4 . n; this group by long period instruments. 



fb aeoond P• group la well obaerft-4 'b twe•n 1&0° -.a4 1ao0 

tor ,.. aad P1• pb.a••· At ditt&QC:ea lhorter thaa 110° acatt.recl 

eb•rntiona y belong to aot£oQ: ot thie group. P1 • ph•••• 
tor 'thia croup are ore pred. iaat tor lo-ftC period re·oorcliaga 

'but are IC& ttere<l 1ll &rri ft.l ti • • Por thia group lal"g• eaer,iea 

are reoor4e4 a.ar 1f6° b7 1oq ~r1o4 1lltV... ~~. 

1!ut tb.ir aacl laW.t't arrin . P• gr-.p la alao wll ob• 
" · 

-H:rw4 k '-•n 110° aacl 180° tof' .,. a - Pl l ph .. I • !he Pa • 

pk&• ot thi• u up la enerally noorfed oaly by loag period 

1natruwnata aDd wi \a wid ly 1ea ttar•4 arrt·•l tblea. P' a8 1"' 

ra••• ar& he~r• pu.rally reeorded pt"mn•.rrtly br loq ptr1od. 

lutruaeat•• B.• po•i 'biOD et the tooal poi at ot tld.• oup la 

aot detia1 tely known. . Ia the •1•-bomoo4 ot tb• tooal poia\ 

only long perted. reoorclin&t indicate l&rg• •nergy reotptiou. 

!be tho-" at 41at&nte •'t wh1oh lar1 upli tu4 a are not•4 •• 

al>ottt 141°, •• loac••t 41aiae.~ 14?0
• !h•" ob .. nationa 

uri•·d ill tU. by a .apan ot about 16 He.•••· 

Iuuttto1•t~t data ar. at hand ~ eftlute tlle 41apera1oa 

u'tioa •r take plao• within tb• oore, at th• cor• bo\tn4aey. 

o:r Within tae Matl•· It 41tpera1on tat•• plao• ia •• uatl• 
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Short period motion 

Long period mot iun 

Fig.?D.Pa th relat ionships of p' phases as suggested by travel time data. 



t• -I ,I i ' 11\Jj • 

er-·-- -----.--------- · · - - · · -. --------7 
.---- -~ . . . . . . . . 7 -:--
! • ~,;;,.' .;,·, ~ · · •/ ',\):) · \~ · .,f.·tJ·l'l'\i..,;rJt..,A.v.~r~•1 t/'''\'.., r ... ~,...,'V'/J A , ~'..J\!I'V"-''~·Ati/•V)I.I"', ''"~"" ~· \' '.t.'v., .. v._.,ft/\,,.. ,.,.,.,..A.'-1-Nov~""~'vi'V-!---.~~~ - ;~.,.;.,-:::;;:;. 
~ -~ r;;;e~· · .. _ ... ... ·. _········ .. .. _.. . . , . . . . . . . . -... . . -~e -. 

. . .....__,. 
- . ' . -

~~ . :~ 
AL. ~ - . . ,. ... -IrA t r .,. . ... -... . · ----------- .. ... 

. 

Plate I: Seismograms from earthquake of 29 February 1944 at 16:28:07 GCT , normal depth of focus , epicentre 
! N 76 E; magnitude 7. 2. 
Top: Riverside, Benioff, short-period vertical, epicentral distance about 144°. 
Center: Pasadena, Benioff short-period vertical , epicentral distance about 143! 0 • 

Bottom: Pasadena, Benioff long-period vertical , epicentral distance about 143i0 • 
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Plate II: Seismogra~ showing different phases in focal zone . 
Top: Huancayo, long-period horizontal (EW component) seismogram fro.m earthquake of 12 April 1 9~ 
at 20:51:00, normal depth of focus , epicentre 8 N 137! E, magnitude 6 3/4, epicentral distance 
about 147°. 
Bottom: Tucson photostat reRroduction; same earthquake as described on Plate I; Benioff short
period vertical at about 147 epicentral distance registers abnorn~lly high amplitudes {arrows). 
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Plate III: Huancayo seismogra~ showing different phases on EW long-period horizontal components. 
Top: 10 October 1938 at 20a48;05, normal depth of focus, epicentre 2t N 126 3/4 E, 
magnitude 7.3; epicentral distance about 156°. . 
Bottom: 20 August 1937 at 11:59:16, normal depth of focus, epicentre 14! N 121! E, 
magnitude 7.5; epicentral distance about 163°. 
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APPENDIX OF MATIRIAL US!ll 

Following Is a l1at of t he earthquakes which have been 

ueed for thie 1tu.:ty. These are list ed. in ohP6nolog1oal order 

and re pr•eented by •erial numbers as given by Gutenberg and 

Richter in Tablea lT and 18 of Se~amioi'!Y.!!, The Earth, 1949. 

An a1teriak to).lowing the serial number denotes that the .aJ"'th• 

qualce !a l1tt.4 in '.P ·ble l S 1 no a.ateri1k 4en·ote• that the earth• 

quake is lis·ted in Table 11 • Eflrthquakel occurring from 1946 em 

are not llt-te4 in S.,ia$et:z !!_ f)te Ba.rtb J 4a'tea • origin timea • 

looations1 flepthe, and magrll.tudes tor earthqtu\lket during theae 

yee.ra are taken !'"rom file• at the hiaDlOlogical Laboratory • 

Pas dena .. 

In listing ttationa t he toll wing a.b'brevlatiou re u.•.a t 

.P fer Pa.cadeM. R for • · u4ay0'~ J tor lena • ! for Tuceon., A f'ar 

La Pat and V for Victoria. StatitlJn comp9llente anc! ep1oentn.l 

distance:• ar given i n the following manner• 

16. 280•24t PHZB,. lJJR • 129i; HD • l.i8; TZ • lS5• 

From earthquake number 880, regio!l 24, tabl• l '7, rea41ngt were ob• 

talnea at PasacleM, 1J9t 0 , from ehort•p riod Beniett vertical and 

east·••-st (SDZE) i nttrument1,. trom long·~riod Benioff north•south 

an4 eaat..,.ett (l:;BNE) 1netrument.a J at HUanoayo, 158°, froom north• 

aouth an« ••a-t-weet (D ) instrumenta·•..,.ll ot whioh are long•peried 

i:na'tNunt•• All Tuce&:n readings are trom ahort•period Benioff 

i nstrwaonta. all Jena and La Paz readings are fl"om leng-perioct 

instrumente. 



1921·1932 

1., 560•33 t PS1Ui • l t&;l , 

2. 8SO-S3 I PSBB • 140. 

s. 220•14 I JNEZ • 161-l. 

4. 890-8: JZ - lli. 

5.. 630•11 t JNEZ • 1'11. 

s. 840•111 JNIZ • 165. 

'· 845-11: JNEZ .... 165. 

8., 7S0-4?c mz .. 11&-! . 

9, 390·24r PSBZ • 132i . 

ll. 466-23 .: PSLBZ ·• 111. 

12. 225·231 HIE -161. 

lS. 3'10•27t HlfE -152. 

19S3 

14. 400-33a PSLBZ • l76J HIE • 111. 

15. 210-19• Hll - 136. 

16. 131·22t :tilE .. 157. 

1"1. 160-24t PSLBZ .. 128 • 

18. 160-19• HD - lS7. 

19. 380•24J HIE - 16-3. 

20. 500-33t PSLBZ -176. 



-sa-

1933 cont'd 

21. ?0·•26t HNE • 160. 

22. 680•10t PSBZ , LBZ • 120. 

28. 460·27: HD • 149. 

1934 

24. 695-26a tmi•l68; PSLBZ .. 116. 

as. 640·22• HNE - los. 
26. 260-18 t RNE • 14-1. 

27. 20•1St HNE • 117• 

28 • 140•15 a HD • llfh}J JZ ... l$9 t 

29. 200.22t HIE • 167-§-•. 

SO. 400-29•c HNE - 138; PSLBZ ... 111. 

1936 

31. 6?6•2G t HIE -156. 

12. 200•3St P·SLBZ ... 144. 

33 .• 400-22• mm .. 160. 

S4. 810-41• PSLBZ -116. 

ss. l80-24t PSLBZ .. 120. 

36. 640•101 PSLBZ -lrol. 
31. 100•24t PSLBZ -l$0J BIB "" 169. 

38. 550•10t PSBZ .• 122i·· 

19. 360-19t liNE -132. 



1916 eoat·•d 

40. 170•l8t JZ • UTt J HNE • 119. 

41. 4.SO•rta mm .... 144. 

42. 200•16' JDZ • l3tt• 
43. 560•24 t PS,JZI, LIZ • 152. 

l9Si 

''· 196-241 PSBZE. LIZ • 

45. 510•14t PSBZI, LBZ -
48. 640·10t PSBZlt, LIZ -
4'1 .• 150-l6t Hft -147. 

48. li&•2"'-• PSBZ .. 124.-

4.t1J ·96i·SI 1 i>SBZB • 182 • 

so. S0•23t H.NE • 157. 

51. l!O•l?t HllE - 147. 

122!. 

131!. 

122. 

52, 526•24• t PSBZI, LIZ • 119. 

53. 320-..15 t clZ • 13&~i• 

64. 8&0•14t P8BZ • 127 • 

56. 761>•14•i PSBZE • 126. 

6i• 1'60•2•• 1 PSlZB, LBZ • 126., 

57• 1I0~26t PSLBZ • ll4j-J RD - 154. 

68. 520.19t DE • 120. 

&9. 200•21 t HR • 160.-



193& oont'd 

eo. 215•33• P zn, tsz • 149. 

61• 710.241 ~BZ · • LiZ • l3oiJ HIE - l69. 

62+ 250•10*t PSBZ • 11'7j.. 

68. 60 ·14a PSBZ· , LllZ • 129s BD • 169. 

64. 360•23 l PSBZ , ISZ • .110 J 

61. l40•l9t H • 138. 

66. 40-ltt HIE • 118. 

1917 

61. 2·50-!?i ... 166• 

es. 6Q ... 1&t JllBZ ... 13gf. 

9. 9$0-16•: 148. 

vo. 6S0.24*t PSBZE - ll$1 TZ • 

Vl. 3ii-83t PSBZE, LIZ • l70J 

12. 590-!2e 

?3. 200.10 t PSBZ ; LIZ- .. 1181 

'1 • 3. 0•10t PSLBZ .. 119. 

76. 40·16: mm .. 121. 

16. a80•24a 13Z - , LB -129eJ 

'11. 12a~~u3~-: PS.BZ • 109 .• 

'78. 450•87t PSBZ • 134. 

• lSat. 

129. 

TZ -174. 

fZ -113. 

DE • 168t z -135. 



1938 

'79. 720.24•t PSBZ • 133. 

80. 720·10t PSBZ • 114. 

81• 4!>•24t PSJZ • lll. 

82. 970•13t PSLJZNE ... l49J TZ • lSzi. 

83. 80•16t JD • l33J A.Z - 13?, 

84. 586•21; PS ZNE. Zl .. 116!1 TZ • 122J AZ • 161. 

ea. ea-ts• AZ • 1·1. 

86. 870•23t PSLBZ • llSJ fZ .... 117. 

8'7. 120•20t AZ • 160. 

88, 710-3'7 t PSLBZ • 1431 TZ • 14(}j-. 

89. 640-25t HIE • 1631 AZ • 16S •. 

90. 690-24*t PSBZ • lS2J TZ - 119. 

91. 240·23 a HIJ - 156·. 

92. 420•24* t PSLBNE • ll8t s T·Z • 1.22t • 

91. 185-53: PS!Z • 143J TZ • 146. 

94. 720.37a ISDZ • l65J TZ • 151. 

1'939 

96 . ., $40•18 t JRZ • 121 • 

96. 100•16*t AZ • l$St. 

97. 2·20•15 t JZ • 132 J AZ • 128. 

9th 866~8 1 PSLBZNE • 1S8j.J fZ • 144tJ AZ • 152 • 



1939 oont•c! 

• l22J J ·Z • 132. 

100. '10•19• AZ• l. a. 

101. 276•18• AZ • 1 9 .• 

101.- 220·16,. AZ - 14: • 

101. ll0..33a PSBZ - 161. 

104. 160·19t z - l • 

1940 

lOS. 180·14•• AZ • llS 

lOth 140·18•• HQ - liSt AZ -l 7. 

101. olO•l ' . AZ ... 126. 

1oa. 92&-S3t PSLBZ -16 a• 

109., 180·16: AZ -1 s. 
110. 676-46: PSLBZ -l2l. 

l.ll. 820•24 t PSLSZ. • · 152 J AZ ~ lith 

112. 600-22•• AZ • 172. 

- 143, 

114. 60·1• AZ .. 1202. 

11&. 810.-2 • P$LBZ; SB. • 131 ' AZ -
118. 780·S1t PSLBZ, SB "" l52t 

11?. 260-l6t AZ ... 147. 

118• 120•8 t PSDZ • ll7J AZ - 153. 

164 • 



1940 oont•ct. 

119· 670-23•• z .. 1 o. 

1!0 • 210•46• t AZ • 148 • 

121. 196·2~, TZ .. 12lw 

122. ·90-1 • z - 144· 

123. ?00-20 z • 168 • 

124_. 600.11 t AZ • 1 8 • 

126 16-46· PSUZ • 116. 

126. 60 22•. . z - 10 ' • 

12? • '1'80•2 . 1 PS ·Z • 128 • 

128. 10•24-t PSLBZ • 111. 

12 • 310·16t z - 1 9. 

130. 600 37J P LBZ • 1 • 

11-1. 240•18• 1 AZ • 148 . 

1941 

lS2. 250-23•• PSLBZ • SB • 112. 

13-3" 136-2 t PSLBZ • 118. 

134. 210•23t PSLBZ • 113. 

13&.. 640•23•a P LBZ, SB • ll3t 

136. 60•37t SBZN • 126. 

137 • 6-50•15 a AZ • 1 • 

13.8. 600""26*t P BZ • 11 • 

139•, 600•2 *t PS Z • 113. 



1941 cont'd 

140. aoo-a4·• , Ps.Ll3z .. 112. 

141. 05•!1 i AZ - 162. 

1t2. &46•2·4•· a· AZ • l5GJ PSLBZ • 118• 

14&. 7$6•14• t PSLBZ • 132-f. 

144. 540•l4* J PSBZ • 121. 

145. 200-.38t PSLBZ . • 112. 

146. 360•38t P.SSZ • 116. 

141. 720•28t PSLBZ • 112. 

148. &81•14; AZ • lila • 

149. 540•23t SBZ • 112, 

150. 555·2St PSLBZ ... 112. 

151. 655•23• PSLBZ -116. 

152. 890·!4t PSLBZ - 126, 

158. 400.38t PSBZ -116. 

16-4. 32S•S3t PSLBZ · ·16!. 

155. 885-2 • PSIZ • 125-~. 

16S. 440•161 AZ -154. 

181. 760-23• t PSLIZ • 116. 

168. 640.33t PSBZ • 16&f. 

169• 440•22 a AZ • 171· • 

'rZ -130. 

180. 460-23t AZ .. 164J PSLBZIE • 11 • 

161,. 300-lO*t PStB , LBZ • 118 • 



1&41 eont•ct 

162. s1:0•ao • At .. 1&9. 

lSS. 610•S3 t PSLBZ • 168 .• 

1 4·• IO•I4•t ! • (166) J !Z • 1!6J PSLBZ • 126., 

1$&, sao-as. PS:LBZ .. 111. 

166. 60-21 t AZ • 178 • 

. 16'1 • 620-.alt PSt.BZ • 114. 

168• f00•16t AZ • 149 •. 

1 · · • l8S•l9t AZ • 140* 

lt ' J. 

110. 610•12t PSLBZ1 LB •· l07J !Z • 112. 

1 ?1. ?$0•24 t PSLBZ • 1~0. 

112. 120•13•t PS; · z, .S! .- 113t TZ • 120J AZ • 180. 

178. 80 .38. 1 PSL!Z .. Ut. 

1.74+ 80-lS•t AZ • 121, 

115 • 480.11 1 A.Z • 111« 

176• V66•11t PSL'BZ • 110 TZ • 1.181 A% ,.. 1-56. 

111. 971-IJa PSt.BZ • l48J 7Z • 151ft• 

1?8.. 680•1Tt PSlJJZD • 1461 fZ ~ 142. 

179 t 250•22 t PSLBZ • lOS., 

180. 46&.19 t AZ • 122 • 

1 1. 0.5•24• i P !Z · • L.BZ • 118. TZ • l24J AZ .. 15 • 



1 2 .ont"d 

182: • ?20•13 1 PSLBZD • 152 I TZ • 1'8• 

18i. 98-lt t AZ • 1• '1. 

184. 640•19• t .u - 141. 

186., 840•18t AI • l.U. 

1 • lJO•IO t .&Z • 108., 

1 48 

teT. 80-29• n Zl, urz • 122, z • 1ao. 
188. 190••8•• ·szs. uz ., tos. 
1 9,. 680-10 t PILSZ· - • 110; !Z • 115. 

190. 880·•1.81 A! - 11 • 

1 1. N-10• P~r z l2o. 

ltl. 1l5•lft liSZ• LID ~ 157. 

1ta. so-a' w rsw • 131.) AZ • 166. 

19•• HO•l8• a AZ • 180. 

19&. '10.2.1• z - lfl. 

196. 190•!2 J AZ • lGS. 

l&v. 480•24• p.- uz • 1sa, .u - 1ee. 

198. 461•24 t SLBZ • 152 a _ Z • 1· _ • 

199·. 86&.19 t 41 - 16-. • 

100. IVI-33a PSLBZ ; SBB • l'f&; !Z • lfl • 

201. 240•11-• t AZ • 16-· : • 



_,.,_ 

l94S oont '4 

toa. 860•:24•• PSLJZ • 119t fZ • 126. 

201. 540-2••• P ZD • 1 J fZ • 13? 1 AZ • lH. 

804t 120•l.lt PS!Z m. LBZ • 118J fZ • ll4t 

zoa. &&0-10• At ·• 154. 

206. 240-llt u • 111. 

207. 600-'8•. !& ... 112'?·. 

208 • OO'I•IIt PSLIZ • 1691 Ti • '161 ·• 

aoe. -tso-ae. PSJJll .. 111, tz • 111, u - 1601. 
110. 660•10t TZ • 116. 

2.11. 161•10 t !'Z • 11 • 

212. ISO•l' • AZ • 111. 

llS. f60•!4• a PSLBZIB • l 2. 

214. 660·16• •· AZ • 144. 

11$ • '10.16 t· AZ • .1!4 • 

1'944 

21 • 4$0~!1 t PSltBZ ; Ul t2 • 133 I rz • l$8-j-1 AZ • let • 

llV. 860•IIt PS:LBU, LiB • l43J TZ .. 14?. 

218. .Seo-lt•J PSLRI • LBE • 118t fi • 11,, AZ • 151 • 

219. .ao-18• AZ • 1 •• 
eao. a AZ -186. 

221. 530-l&t A! -1 • 



194~ eont'tl 

!!:2 • SOO•ll• t AZ • lO•i • 
2.ea. l90..,!St PILtZ , $81 • llOJ TZ • ll&J AZ • 161. 

22'• 30&-11 • PS.LBZ • 130 J TZ • l&&i. 

22B• 676--lta. AS • 130. 

216. 891-llt u • 161. 

227. ,.a..-26. ,.. • 11.4. 

28 • 60-21• fZ • llSJ AZ • 143. 

129. . J0.14 .• u • 113. 

tao, to•l.S.t AZ .. l•e. 

211. 860•81t PSUZ ~ • l'llJ !Z • 166. 

212. 29f•ll • MUlZ - 100, rz .. 162. 

a sa. 110•1 • Az • 111.:1 . 

1941 

214.. 900•l9t .AZ • 160. 

218. 100·19t AZ .. 146. 

216. ?o-aa•• AZ -165. 

23.'1. ' a-ss, p .· z • li4. 

218. 240•2 .. • PS . ZHI • ll&J TZ • 123. 

219. soa.as. PSBZ • 114. 

240, ?21-24' ,, .. 184. 

!41. 420-19•t AZ • 141. 



1945 cont 1d. 

243-• 80-29t PSLBZNE • 120J f Z • l23J AZ • 134. 

244. 660•18 a AZ • 136. 

14&. 666-16 t AZ • 1S·6• 

194 

246. 6 Jan. 0.19 ., . ., .ao 16 1$1 h -60 .. 
AZ .... 117 • 

241. 12 J :n. 20;2fS.3f 591 141 n 
AZ -100. 

248. l? Jan. 09tS9 .e36 ?.J.. 
.;;:; s 147·k 100 

AZ - l.4l. 

249. 16 Mob. l?:09e03 3 s 102 E n 
P BZNE, LBZN - lla!J TZ • 137 .. 

250. 1 Apr. 12t28t54 53 164 n 
AZ ... 10~. 

251. 11 Apr . Olt52,20 1 s l4a n 
PSLBZ -101. 

252. 3 " '22•28•40 5 s 153 E n 
AZ -133. 

ass. 8 .y 05t20t22 0 99-t E n 
PSLBZNI • 132, TZ - lSTeJ z -159 •. 

2&4. 12 Sept. l5tl'7tl6 23 96 E 
AZ -16 • 

2&5. 23 se,t. ss.ao,oo 6 s 145 (100) 
AZ -141. 

2se. a·e Sept. 03t0lt65 5 s 154 B 
AZ - list. 

e5.,. 26 Oot. OOt2ltOZ 10 s 86 n 
PSLBZ ... 115 • 

• • 7.3 

7.2 

7.2 

6 $/ 

1.4 

1.2 

7. 

?.1 

T.s 

7 .• 2 

1 S/4 

6 3/4 



·100• 

194 cont•d 

256. 1 ov. llcl4t!4 51 174 40 1,0 
AZ .. 112 • 

2&9. z· Nev.. ~L (.. ~;at 26 41 N 1at ' D '•' PSBZ, UIZNE ., lO&rt AZ • lS9• 
., 

a eo .• I lfo•- 2la ft47 89 /6 64 E' '·6 PSBZ, LBZ .. l06t z .... 127. 

194? 

2&1. 17 Meh. 0Sa1tt32 33 N et! n 7.6 
PSBZ • te ·· •lO&. 

862, a ,.. 05tS9tll l ti s 118 I • 1.4 
PS ZE;J L z -102. 

268. 21 ¥ OI,Ht5 af li4 100 
P BZ .. 126 • 

264. -!7 y 06,58•5 l l 115·· n f . 
PSBZE~ IBZRI - 105. 

266. 12 Juxw C9~02a~ l l N 126l 40 7.2 
PSB.l&~ LBZ ... 111. 

286. 23 July 11al3r!S 5~ s 29 n 6 6 
PSLIZ ·• 11&. 

16?. 29 July 1Sa48t22 ! Bi ' li 9 E l'l 7,6 
PSLBZ -11!. 

!68 .• 23 ept. 12t2St09 3*1 59 I 8 8 3/4 
PSL13Z "" 112. 

269. 24 DH. 06t2:2j00 (66 8 ' 116 ) n 
PS ZE, LBZ ... l41J TZ -140. 

1949 

270. 23 Jan. Oflt3lt(l5) 8 8 96 ! (50) (6 3/4) 
PSLBZ. Ll · • (140) -J Z • (144) •. 

271-. 1 OOt. 12e02t(O ) SS2 S SS E 
PSLBZNE • (177)J VSBZ • {16&). 



Thesis by 

h:yet:te llner Densoo., Jr. 

In Part1&1. hl.fillment ot t he Bequ~ts 

for the Degree of 

Doct.. of FhUo-eopby 

Oalito:r~ ln~Jt1 tu~• ot ·f .eebnology 

Puad~a, G ' 1tornia 

1950 





i 

GeneJ-al lel tion. bipe 

AiSfaAC'I 

lN!liODtTCTIOI' 

Purpose and Soope et ln•eatig .tiotl 
wcation ot Area 
Flel4 Pro edur _ and !qui nt 
., ra u4 8tan4&Jii 
Pr$vio · Inve :t1 atlon• 
Aelmowled menta 

S1'BA!lGIAPB:lO UWIOISII . 

BDtSO GBOllP OF flil Bl41011 Ill 

lntroduotary · tat . nt 
· ·DJ _ 11c• D •oriptio ·and Itel.atio11ehipa 
u.· eton an4 Dolomite 
Xnaol\!lhl Be•1 uea 
Breool& 
Po~o. ·1t1 • 

OOUILA.f.lOI DATA 

tratigraphio Ch rt 
Insoluble R ai .du Oh•rb• nd ditl d. Quarts 

ad. · d Qtta.rb I 
Grain SS.ae 
Acoesaory an4 Cl•Y lln rala 

!!&!. 

1 

2 

a 
2 
2 
4 
e 
8 

8 

12 
1 
as 
28 
11 
36 

18 
40 
42 
4 

" 
GEOLOGie Hl&!Qlll' AID S · . : . 101 OF StfGCES!D ROCK GIIE$lS 46 

ICOIOOC P S tBILltlES 4 

R&OOIJIDDAf Io.· S FOR ,URTHER StUDY SO 

S'OIDIARY AID· OOHCLUS:IOliS 51 

PAif li 

hacr1pt1 e D ~a 

.ABBR.EflATIQ 

LitHOLOGY DESCRIPllOI$ 

1NSOLUBLJJ RBSID'UE DESCRIP'l'IO 

BIBLIOGltAPHY 

53 

5 

118 

114 



11 

I ·G 

1. lnd•x . p ahO'ri.ng location et a 

2. lD4 ~ map eh :n •a.mpli 1 c liti a 

I Correlation with cU. eon 

IX S•ct1en c eralise4 trc outorop t 

III Stn.tigr&phio a ot1cm. an 

IV I soluble retlclu loa en corr l. .tion 

·,ont1 pie . 

I ( I ) 

11 (A;I) 

Ill (A,I) 

1V ( ·,1} 

V (A,Bt 

I (A,!) 

VII 

VIII (A,.B) 

Il ( , ) 

X 

I { ,J) 

XI.I 

XIll (A, ) 

41aon I oup, Shell Cuyo~, Wy ng 

Upper KC 2 Reeid • 

r . 0 2 .e 14u • 

· her L 1 .a ai4uea 

Upp l" L 2 ·aidu • 

Vpp m •t inderru. iaJt!•Upper 
onun7 $14u 

Upper L 1 tbln • ct1on• 

er ltC · thin . Htioaa 

er L 2 thin otic~ 

• m» r L 1 thin a ot1o 

in pookt 

bpoc If: 

in pock t 

in pock t 

aoing 1 

161 

1! 

$ 

1 

165 

1 $ 

1 ., 

168 

1 

1'10 

1?1 

112 

171 



PAB.f l 

G a•ral a 1 tiOD$h1pa ' 

!he 111 aton ~oa and LMc•·rol tonna~loae ot th 

Jfaei on eroup u · r copia 4 throughout the Biahorrt. S.tta. 

yal -. tea ·w • b7 whioa th • f'ontt.t1~ou and. their 

e-r. · h•v• 'b-..n <Uttenntiatect u4 eon l.a' 4 -ate 4e· 

a •ibe4. lJ.Jd.tecl pal•ontolopo 4. '•ndaat,ion• &lld 11 ho-

1o· 1o • · · 1a.r1~1e• indica•• tht.t llnc!er.hoekta.a u Upp•)!' 

Devoaian etrau · 1 b pre nii along th · •-' · ·rn ma.Jt. ia or 

th Bi horn B · 1~. art ~ion• which .x1•t in porosit7 4 · l

ops . nta Ar her ln r late4 to aoluttoa .. otivit-1 a, t 'the 

et dol · tiaatlon. and. 'to the ehara.o'ti . r ot the o-ri t 1 

Mliment. 'Lithology and S.aaolubl F · 14ue .sor·ipt1oaa ·~ 

in:o 1u4e4 ln Par - Il_. 



PURPOSE ~ -SGOf$ 0~ liVKSl'IGAtlOI 

Since the early l920's the Paleosoie calcareous sediments o-t 

!lberla, <ltt'ta.na) and Wyoming have )'ielded important q,aanti ties ot 

petroleum. Yet within the e fen.tation - JJUCh -eclimentary detail 1s 

rel•tiV~ . '¥ unkn~articul.Arly bow it - be _ on the itapGrtanc• 

of trap· other than a'tf'UC\ura1~ ! ac _ , the present stud7 has bee 

concerned With determination ot the cbar&eteristtiee of th• . dison 

( _ ·,s is ippi.m) Limeston ot the Bigho-rn B sin, Wy~. The prin<d ..... 

pal etfo-rt ha$ be~ direet ·'d. towartd • cerrelatiGn ot l$.thologic. 

horlzont throughout th~ Basin. In thie ecnnect1on detailed sampling 

s carx-ied out at advant · eeus loo ,tion_ and 

scopic properties ot e ch unit • , de-cri .d • 

.LOCA.fl{)N-OF AREA 

Th area dealt lJi th 1n th1 st~ i . an elo-ngate •ba-sin'* in 

northern Wyomi· and -ol.l~hem _ · ntan· _ • The basin is bottnde4 b7 the 

Bighorn and PryQr Wo.tains to the ea#'t and northeast, the OWl ~ 

and Bridg 1! Banges to the outh, the Ab · oka Bange to the west. 

Other eograpbio te tur-e are given in Fig. l. 

FIELD PilOOU~Ef? AND EQUI~ 

To determine to hat extent correlations might b . possibl 

aamples · ere ·obtained .t ix localltie • these localities lie ~unci 

the ripbery of t h Bighont Basin (see .Fig. 2.) 

h .. pling an attempt was mad · to obtain tor each et:tati~e.phic 
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Figure1. lndex map showing location of area. 

I 

I w y 0 M N G 

Figure 2. Index map showing sampling localities: I. Shoshone 
River Canyon, 2. Crooked Creek Canyon, 3. Shell Canyon, 
4. Tensleep Canyon, 5. Wind River Canyon, 6. South Fork 
of Owl Creek Canyon. 



interv.t aampl · of rooks t . t ap~o hed • channel samp1G in 

s " obos n on ll t \Log o:r on b d.d1ng 

c -eter tic t the a•er. e interval chosen 1ti . · £1ve and on half 

re t. Samples of cberl .-ere· t _ en at all horizons 

me opically. . Ux 

Qalot " _ c - be 

th dilu Hdl. 

St,eel t 

lens • uaed in m· J IKlllg 

·£erentiated tr: . 

re it not 

mea . ing str ·ti _phio interv - . - Overall thickneue- wer checked 

'With a - _ untdin-type, tthigh-bo71 al1dade and . "··th . tUty•foot linen 

t _ . _. Four· pound ·enl and eold obi ele r used to break fr·~- ~w 

fro the outcrop. 

Th kplor tion le _ . eh Department of Stanol.in Oil and Gas 

prep _· in-soluble residu .. s tr the ti ld · 

wer de crtbed with . '. 36x binocular mieroac'Ope. Ace -·. ones, quartz, 

and chert f . th res1due 

under the petrogr ·phie oro eope. Cl· fractions ot th re Wuea 

~ not ·eparat d from. the eO:&T . er tractions. 

L ·thologic descriptions 1li th . bhl.ocular mtcrosco .• 

coated br Holmes {1921). 

sample - r · studied by- me a of HCl tehitt€ on a _ - oot.h .surt c • 

!~ _AND- .ST~Am;S 

The ~ ~olo d I'll . sifie- :Cion ot B. · • Ireland, ·et al, {1~7) 



is tolle>1f'Sd in th d ·cription ot insolubl reaidu .• Th eneral 

adjeetiv ·_ , '*modified', ie · d to- · :lgraat - a ;quartz ol' chert 

whose natural tom has been alt · d, e-11 • dolomoldia, dolomorphie, 

ooUtie, eto. The generel a.djeetive, unmOdified , r era to the 

una\.t.ered or st te, e.g. JU.bhedral-.t euhedral, etc. 

In the strati rapbie description· ; ~trbitrary set ot b dding 

were 1 · g ~ dieta -ed by 

.f'ound convenient · 

·-son.. Th follold.ng el.as. 1tieatton 

1 feet thietne s. 

· .) t _ et to 7 fe t thickne: • 

l&di : .bedd d-be : · from 1 f'oot to 3 teet thickne · 

!~bedded-bed· less. th 1 feot in thickness. 

In lit.helog~ de-ecriptiomr t:e:-. · f:nmt Sbroek {l;h8) imd Petti ... 

john (1949) are used. Size cl sitication-e q,t clastic and noncla_stic 

for cl 

Gr~ulv· ,.or sruned~thi · term, applied ehief'lT to dolomite ~ 

rooks consiflt:lng cl . tic oJ' 4lloet C)neue putielo ; 

the onteri used to detend.ne thie property wr . ero ·_ betld1ng, d..,. 

gr · ot to.s- il p ser-ration, p reent . . e Ch cter 0 el tic. in~ 

· oluble re idue, and putiel s pe in thin . ect1on.. Th : distinction 



tabl.1athed by tl lt)ek OGler Qh 

at1.enal I(eaearcb Council in l.Jb8. 

di tributed bT th 

Poro iti 'Mtrtt e _ timated d"QriDg bino~ e%8Jn1natio.n. De -tpe-

tiona 

' > 

Seeti,on · and O.,l'Te].. ·tion$.· the fQlloW!ng are us • equiv: ·nt t 
. . 

inappreei ble for 0n;l)ne te pc-Qrt',. intermed1e.t.· fot' poor to ftdrtt 1 and. 

-pree:l. ·- lee tor "fatrtt ')r bet · ·• V; riab· .· · poro.-:it7 me. p.Grosity 

ilhieb v ·1e 1.-ter .. .ly .and vertical.l¥., 

.~tGUS .INYllftlG TIOIS. 

~~ ot tb · _ •· son lime•t•n .. d it· · .tir$t deserlpt.!on pe 

ere41 ted iio .A. c. P . '': e {1,89,) ). Jteal de ignat.ed tn. age ot the 



1n th$ Bighorn ountain t Darton (1904) pl!'opo ed the name uLittlehorn• 

in V1 ct ladetinit : 4t!Q ··ph1o liait -, the t 

· .. ~UO\'Iing definit-ion ot th upp · ippi 

tion by aich (1913), sis sippi· edimen-t _· · f ' 

ldaho "(Ve b ·divi· d int· · · d1son ad Bras . , 

ot l~ 

b7 Scott (193$). 

late tb the thtal 

~ ..... fOto·n be1ng 

ll.i s1se1pn.. . qe •. 

to. tion eorre. 

·on, op cit (1904), 

~.,J.QV· ll ol th 

Three . arks vic· . -t;r te t · Big group,. Branso.. 

(19.37} propQBed the name · ~ ·aj ·. " tor .a ~i.on ot tb o · i• 

pp1.an · .den; Love (1.9}9) ha. · pr erred t · continue u· · · 'en'* 
not 

since · . ·_ sediment . are Are a ma,w . .1 unit; 

howe , Pi re. (1947) ·. · in . catad 0$!V"Oll . 

S al limit . . ef the Big Sn · ' ~ Brazer, . d not 

correlati· _ or ~ · they ole ly de:f'in , the 

n . . dison". no d tail d t\ldT ot taun · st~ tigrap}Vr relate 

th$ 4age groups of th of Wy~, nt and Idaho 

the del · ·, tation ot the ' a i hOt d thtite. 

The discm · bee~ eonsidei'ed both · llfom tiowt 

•group1'. Th.ie .P ~e~ follr · · · the tt group · design tion. ildt ;ted and 

di en ed by Sloss .. d H bl· (1!th2) .. 



ACINOWLEEG!BilrlS 

!he · p ich the thor recet ved is gratet\lll.7 ackno.-

ledge.Q. '1' . _· Stanoliad Oil : d G ~ .e field wrk tor th1• 

" . q po dble. •r ·nnti tr the St oliftd Caeptr ofti~e ha 

gi -.· helphl g · tiona and .ad'f'ie • Oarlpletion of thie · . rk hd 

been ai4ed mat,erially bT the stanolind OU. and Gas Fell. 

wu wrl.t r doring the ac . oo1 a 19M-k9 

ip whieh 

l9Je-)O. 

PhUip c. Scrutoa1 . B. Jac.o , and 'Gbn • !&Mock 

e tat .d 1n th fielcl oper ·uons. Thea• men aide4 .. · urabl¥ ia 

the " a.t'du0t10 p · · ot the progr· .J wi~ their help 

Labon\o.rr procec.hl.n· and iat.-pr.ta\1ona ba~ . been auperw1aed 

by nr. 1 C .bell, Prof 'trolOg:y at t:be Oal1tornt• In i-

tute ot !eelml:4 U• Hia · end . \10111 be CMt1'1Wtel 

gr•at)7 to tb com,pletien of tJt1 · ltttdr"• 

Jr. Ot A. C4ep&r1 Qurator of th I~tut , Dr. 

liUbert. a. Hus, u. s. Geological Surwy, end Vr. llarld Dunkle, u.s. 
tional · • . , have 1dent1fied toas111114terial. 1ch nl:u:l..tted. 

fh~1r iden~Uia ti·o to:r . cl ~ ar \Ulderst · ot· · a1 

IIi · is-sippian · u Devon! . atratignp- . m the B1ghom B . in. 

!he· wriWl"' is indebted tto th Oalttortda Inetitnt . Eo't' the 

making of thin eetion • 

PAJJtl)ZOIC ft&Ati~ 

Bleeptinl the SUnrlan, aU Pal.eqsoie pe:rl.ode are ~sed wi:\hia 



thellghorn laaln. the atrat1gra.phy 1t autii1118J'_ ise4 h•lo•. 

CADIUJ 

Caabriu t•nalaolog uri•• with loca l't7, alll'lo11 , lithc>logy 

at Utt f'ent 1-ocalitlu 11 aila1l.r. 

Wind l1••·r Canyon 
Boy n -o ti•a 
'Depe..ea ,or.aati•• 

Oroa Ventr er 
·1 tb ·a4mea'ber 

· 'hoahont CulyoJt 
&all tu t- -•t•• 
tro• Ventre ene.~10ll 
lat · ad quar11sl'be-

Shoehoa.e Ouyon tenrd.no1ogy .tollod earlier' d.eaipationa ot- Peale 

(189$) with .•4lt1oatioa• 'by Blackn·lder (ltlB).. !he WS.ad liver 

41Y1 -:10Jlt ancl t rainoleu were •-'•b11ab 4 by lllller (191&) ancl 

ao41t1ed by »•t•• (.1818). 

lfpper portion• or tbe Oa.mbriu oonti•• of thin• · 44•4 ltat
•~•n• ,1)aglo.rat :t., U..ato a, e.n4 chat • gla•e 1: to ho-rt.e•u u•• t>aen 11otocl b7 follll'"t 1ot aa4 !h.oapsoa (1&48) ill ott.. 'tb. GeJatia 
•n4 th Gre$ Ventr• tot"Jn~;tie!is. tour 1tra.- a eonailt ot ooa.rte• 'o 
tue-gratne4 •·~~•••• Wltl\ · q-."al~1o ta.oi••. !h• k•al a·ontact 
11 1ri:bh p:r•... . :brlaa a:.r.tqo.rpht~•. thickneae abo\3 1200 tM't. . 

~ ·i!l'lom d:&l · ·, t _, Darton (19 - ) • - · •t - _ to thiok- , d.ea d.olQJdtea, 
rela:tiftly tr e ot t rr1geuua aaterialt lo · ll7 ohan4ter1••« 'bJ pitted 
s.u\"faoe du•· to 4'lft ren1d .. al. · he.r'iag, _ l:uknlder (1$11). l.e4• ot re
worked s.nd.•'ton• looaUy 4•••t• the baa 1 contao't 1 thiokne•• lnereaeea 
nerth'ftr-4 from 4 - :ut 1~0 to about 4® tee'b. 

S_I~ 

DlfQ .~TUlt 

~fera.o:a tona~!=• hal (1801}• bro to blaot, b 4 e4 liaenonea 
aa4 41lloml, .... : nb4trt4ed bf $.lea• an4 La.lrcl {194~) late lowv lime . t.oa• 
aa4 upper 4o1 ~ ·· b•r• in ce.nual · ·a'Maa. Jette-re•n •tMtta nta haTe 
be•n reoognls•4. a.t Shothoa. Qeayoa by Stipp (194?&).. the •••1 contaet 
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ot the· Je_t:ter•on lt plac . 4 with Uttloul ty 'Whfll _ 4jacea:t to Biporn 
4ol · ~ - . • 1hl~kruJ - • t Shoehon G&ayon±%0 t . ~. 

l>arbz ~o- , . ti~Pn- lF e!arel4er {1913): varieolor· d ah · 1~r •. 1>\olo-
nd.t · an4 an4stonee. «• of · · by ge •1 be in p t quiftl ~t 
to 4)r yo'tingtt:r '\ht,n · · ffel' tJfl ellS» . nts. n bzr b _ d: hav b$ n r eo -
aia 4 locr lly b the Owl Or ·k Jloata.iae \y A4t • Jff c•l (~ra:OU.:l 

o · ua1Q tien$) ud. by to { _$~1). ; hiek:ne 1n the 0.1 Cre. k Rance 
var1e·a. troa 0 to •l>out lSO t•. • 

flu-•• Fork•. t.ohation, , • .-1• (18·1S)t . .. Ylu~·s.-4 • cau•o• o.t th&l ... 
dol..ti • • · -d l . · ·atoa•·• J lo.call7 with. · · nq t ei~ in ppor port1ou 
(Sa~piag't·OD Sa.:Q.f.atu•a•" Berry ltO J loea u4 ktrd 194: ) • fht _ • rflrkt ( 1) 
beds have been recopl• d. l ·ng th ter . margin. ot tbe Bi.ghora aaiaJ 
'thickn$ • ± 200 teet. 

fhe pre enoe ·of ~·• forb ll-•ch alon th ta t•ra MFgtn ot the 

B1gboru aiD hA• not be a ••~1f1H.. AI not•«• pg• z z ; th• pr .. enoe 

an4 ttrat1g~aphio evldeno • 

JtU:s.as:ur1U 
'Giton •t tiontt, Peal (1853 )••l"ais 4 t• " ro-.p• r&llkk $lo•• 

. nd Ha.lnblin {1942). · 

la4teen . eMm n1ut ha - be u va:"iou ·1,- ubd1Tid 4. Peale (op cit) 

l~t .4 W1i t. Dui;<;~n. ( 1104) r c•911•e4 a 1 . . r • ud.er :t ly . 1w• 

bedd. 4 ·.· k!' an~ .~Jl upp r more ~seive ember. lo-a• and Hamblln 

(op cit) tolJ.QWlng n .ulier tl1v1 ic of Colli t and C.thc&n havt 

th• · c d1aon group bo r t::.ogtdte4 t eon 1atln · 

ot t lo..rmattoa ... th• upJ9r l&llaioa C:at11on f'orMttoa 4 th• lohr 

Lo4 · po.l• tonne.tion. !he. 41 .s..a1oa1 en blish 4 by 'bhMe author• are 
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1Joo6urst :b . ' Oeag 1 ludna~e<1 aad .dded 1 etonet 
with ftl'yi wa.t ot toa . il 4 brie ud n.r7in& h1 h ou:u ot 
el · t1o ter:L 1 • 

rying 

ha• notb 

liatt th •• 

. _- b rr • ·1n4 rhookiaat b•dded. hal7 1 ato • .-J.th 
t bron ·4hert, toe 11 debrit, l.d claat1c · teri 1. 

po ' 1bl 

bout 16 ld.l a outh'wl at tr th e otion 4e cribe4 by lo ., and bl in 

(~p o1t p 821) 

th · e tection 

Pa1ae 111ell1Mr 
at.ou and dol 

· 1 pl 4 ancl 4 . 1 g olo 

existed undetect · 4. D te.ila 

Bra.s _r 1 · tton•~ tcharctaon (l91a)t eiw• to thb-
bed.4•4, aanq lila •tones ancl 4a:r:uletonea, aaal b • ot thla ·a • 1n 
part, b• qutvalen to th up .r saio11 C yon to tion f th . BiPorn 

· eln. fh ba al BraJer oonta•t 18 aot 1 · ye cl · ly det'in 4. 'lh 
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po i 1 pr . · enoe ot Br•aer (er .Bi . nowy) a. _ e te nta ia t . l:li. -
in outcrop_ 1 r o rd&ecl in t pr ••n' at 4y. 

r ••1 P ite to tan aanc&.~oDel dich 
ar o - lY· oroaa-'bedde4J the eal 
contact lt po rly d tin 4. 

I] · IS01l tROUP 0 fRE II&OJPf· BASII t 

Bighorn Baain ar h r eatablialled. 

Gea ral tr tigraph1 r _ 1 tionahipa and 4•acr1pt1 4at& _ t the · ber 

u cltaou • d 'below aad del1neate4 ou Char~ II (in poo~ t). Det 11 cl 

4eacJ"ipt1one ar 1 a ia Put 11J etl- ·ttgr p .to- oorr 1 tiOtl. •~" - abowa 

in Chari III. 



lkd of que tionabl oc ur b -low t di .on h ' . d-

cribe J th e b •• 4. 

!hi c 

rvtd · ce ot 

hoe e ta'bllthl 4 t th ourr nt udy by (1) 

. 1)1 • , ( 2) 1 t olo • ~t tb. 

t c leep Canyon. · hell eu.yo , d S·hoahoae 

ppreoiabl thic·lmees ot gra4at1onal b da ooo 

diao - 1 e ton r-Ja · ', lo ally r ei t 

be · ot - aden aand.a ••· Uneoafond.tie• ·xiet within the••· datioul 

bed· J n uncontondty whieh xi · t• at the v.pp r lsatt or· ~ • · 4 

t th b • · ot aau4 toa riea h • be ll ohoa t en 41 on 

ou a. . h Ka«!t · on • th.\lt 4ef'1ne4 include• this •q· ao• ot thiD· 

to · di -be44 , raational •t_r . ta. ly virtu of et:ra.tigr ·P po · 1• 

tti . 4 uncontormitie• he •se or the bed& - y 

to oi , to at · ri . r 't r thi on• 

to · bl. 1 contact to th west 

l" 

Dunoan, Pler (19 1 p '1) , t to . 111 t the 

hav· a.l o • at t1 ippi 

__ di o (?) trata will \} h rein ret.wrri t a 

110 l. 

1 C ·nyon loc lity 

. r 

et uno ··nfo 1ty not ·a a t eli . on- de ent . ue 

(1) 1· · ton rat a, (a) irrogular, tran•gr lag contact., 
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(I) ohaaaellng. (4) rea14 .1 ch rt • (6) ea.n4-till 4. ud ore.ck (tho 

mentio 4 by · ton (1906) a · . c.ur.riag a~ · -11 n 

'b~ outh 1 of t cenyo bout on •hAlt mil th :ton ueh 

b~ ). 

ber u 

tle ot i)t er 

latt &r :y. Iron ~ rt·· t1 tr· 

yl .ld r taint ioh •• ao•4-• ov•r t 

aurt · . 4 J*OU in th . 

ton •· !hi 

) .. 

ur by t lu • ria or · 

th r tr- art bro t 

den • 4a 1o ally 

:-ao.~Lmsnt b lQ • Outorop 

J lrr•gulu .b. th ltme

d thi -bed_ 4 

tr ntal 1 'tonea an4 cry .ta.111n •r•. 1/8 

in · to 1/4 inch ~hiek, of uvt11~ o nd tone y ll h-on.nge 

to br~. tlalt.y, ealc e · ·u. 1hAl 1ttt r •lat 4 -.1 tb t lillleJtoae 

an4 dol r ci s t y lln•.Cinge4, chal •11k•.- p :ty, o lo.areou.a 

dol · ·t · m.bodyi 

prtt at11 

. 11, 1 · ait -e ered, ol _y oon reti 

Poro 1t1ee Y1 ~hh thie nly poor. 

:La lceally 

own to d rk 

gray. lrr .gularly ·ba cl. aod.ular a'-gr t ot subpor •laneout ohorll• 

and quar 1 are intr . aent '• c • 



In ol lbl r _ 1du oon i of q · Jitio 

tilioif'1 oooa i -o 1 coar • ud g7 ·in , 

rphi · d 4ol _ ldlc c rt • el y ( e · 

Plat )J p ro: n i bl (1 0 1 ) t _ 

b • 

1 ·COB- t i: 1 11 11 tl.y unconte 1>1 • l 4 ls..lt• 

the 1 on o· l ... n olu r .ai4UJ or ic con . t ,re-

G. , 1'1Ant ly of 

umno41fied ·hert • 

0\ttorop of thi. ei and po a& a di -

tinct blu _... .y oolor on h urtr o • . outer · urt e 

i.a lo.oally eha.raot ri 4 'by . p :tt :rn of _ il e riYUl ta r e bllag 

"rille 't _ ine• te stan ut 

8111 ifi d braebiopo 

J tr uently t · 

Thi 11 ·o1 1 -ticm 1 b li 

. 111eifie to 1il f.r . ent 

1eh :ee.ther 4ark brown . t th •ur-

p tiona ot th to sil~ ar no illcif'ied. 

roo · p 

int. ~ or. L. . lly. · 11 hori· ont _l 1 s or sh 1 , di. oontinuwa· 

lat ~ lly, d 

ooll · t during 

y. c loed n1o eherte 1eb. •••ther -ro t - light rar ...,. 

c-o on. 



!h litb .lo &t thi 

phic, •par ly r-ra n:tal, toe 1UferoUM 1 sta-n• 

to br<>wn, toaat11t rous, tr pt.Qnt-&1 and ooli'bt .- looall7 

ooqubloidal, p .ty subltthoar phio liae to . • Intrato . a.t1 1 

ton con la .rates are aot .cl locally in the uppe oat ,.l'"'biou. 'fhia 

down into a oa rnou• br c1 

oh r oteri _ tiel a:n4 'hiekn •• ot which nry. tease ot qu ns1t1 

a 4•tone and cr• n ahale ooetat •pora ·ieally 'ri hS.n th· 'br oc1a Which 

11•~ on an lr egular · ro4 d · ·urt o· • 

oroaitiea with! th1 & · _ry poQr. 

In olu'bl . r •t u• . tr · upp r 

low pet"ceut e · (± 1") ot ·IJ·lllo•ou to a ail tragme,nte and ditie 

tiler~ while high p&roenta (10•2 ) of el· ya. quart•, and ·land r 

cl Ti ed tr the b · br cia. (e Plat li, III). Gr, n ·h 1• tre.g-

in th r . 14u . tro th reeo i · Ulllqu in 'th • ion Oanyott 

a 4imenta. 

!!!~:..!!et.· .!_3 t o & aa 1 tb.io.tm •• 1 o t 160 teet. 

hi 1eh n rally a · pe&F a • iv ut l"op 

vl tr1 . t t-h.iok to . eparat· 

by oaly tndi inet parting•. f the we at the ohu ot•r 1••• 

y to· distin~t tbio and m tli b ct. J t o th aouth th· o ropa appev 

a iv in 'th lo r po-rtion whil · upper p. rtiont u• thialy b 46 (}. 

olutiQD. breeoiu ooour- per dioa.lly. 
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Surf ce colors vaey from light grq on the fr 8h surfaces to 

medi brown on ll-w athered outcrops. The rrao o£ th · domi

nant litholo is very ooth, a d1 tinctiv f ature. Granul~, 

lamin ted chen ather dark brolll'l and occur in persist t bede and 

len 

Symmetrieal.ly shaped "baseball$ of zoned, chalced.onie eh~rt 

characterize - ell• dd . portions of this member; th -outer urf · C$ 

ot these eathers tc a light gr . tripoli. 

In this member embay.ments ot second8.l)"' quarts coincid · with 

dolomiti ed portion ; thes-e may be traeed. acros-s bedding planes by 

tb darker eolor th~ disp~ on athering. 

The dominant lithology is white to medium gray, dolomitic 

lime tone th dolcmit . t cies. The outstanding .features ar· th 

uniformity 0 · texture and the neu ab ·enoe fiJt fossils . 

Poro i .ty with!n thi. m · b r varJ.es frOil •nonett in silieified 

portions to n fair (?) in th dolomi tie lime.· tones. 

lnsolubl re idues eonsiat la:rg·ely of arying percent e ot 

secondary, : · oro---crystalline quartz and rlt gray • granul .. · · to sub-. 

poreelaneous chert (see Pl te IV). Where quariz 1 . not ajor con-

~tituent, the residu consist$ of light g~ clays and dolomoldie 

ehert. 

The b sal oont. et, i · slightly undulatory and marked by breccias. 

High percentages of subhedral quartz grains and ·silts in the insoluble 

residue fre> the member below delimit the bas$! contact. 
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The Lodiepol fermat1ont 

this formation 1• aubdivid 4 into two members. design ted traa 

younger to ol4er e. nd llomber L 2. 

Ue beT L 1 t 0& gean J thi e'kt\e. t 140 to 200 feet. 

fhia member croptt out. a.1 a aeries of thielc• a.ncl med.i -tae44ed 

limeatonee and dolotaites. th• outcrop 1. char ot ril cl 'b we ther d 

color distinctly darker than t overlying ssion Canyon sediments; 

the occur-rence or bed.a -whic-h • ather tre light :ray to whit char ct-

r1z · the upper portion (. e trom.tispieoe). Outcrop •urtaoe• e.re 

1rregulart. in the uppeF portiona dif'terf»'!tl 1 weathering proC\\Oe-1 pitt 4 

surface · locally. Oro a-bedding_ ooeure trequently and cha ·cteri$t1-

cally. 

L1 tho logy ot th upper portion varies trom fr gmental and oolitic 

limestones to lg 1-lik• 1 - ·at.enee to granular (ola.stic) and crystalline 

dolomite • ~lter 4 f ·8 il thell - are CO!l1la0ll in the granular dolomites. 

Lowe ... 'beds ot th WJnb ~ inelud he titic, andy, to$ il1terous 

t oiea lying juat abo• 'baeal, •rosional unconformity. 

Cheri i conapieuou•ly a.ba nt throughout .0 t of the member but is 

pr•een.t t the 1;, e • ·thi ooour.renee is in the f'orm of' one-halt inch 

thiek, lamina-ted. beds ot granular gr y cheri, and v ri ... s-iaed_. ootk1 

a trical nodule• ot oolitio eh rt and ro ail fragments i n jaapery 

matrisJ th nodulea have a thin \ripolitic eoattng. 

Porositie ·: throughout this ember n.ry tro •none" to nta.ir"';" dium" 

porosities ooour infrequently. 



Ill olubl r 14u oonaiat ot oder t p«ro nt ( ± 2"). ot 

ree1d 1 quarts d oh rt in upper portion d or ro t -4 • · gr ina, 

ilt , &r ins re em.bli ooli , h tit flour, 4 ola7 1D th 

1 · ~ portion ( P ~te V). 

al contact 1 

abo'Y 

del 

tormltJJ 

·y tl\e a 4y 

·lo · a.r 

.t1tic tacie1 juat 

ry tallin · lo-

m.itsa fr pent 1 l ton • !h r $1 • oo i ts ot h 

ge . of frost d ani gro . in . , ll t ol y hao'btons· 

hile euh•dt ., ed guarta ery t le, r 1 ual 

p rc.xt

on~aot, 

ilici.t.ted to · 11 ·, and dolamcrphi.o 'bit in 4 ~,. a ins ~r ~nt g 

ohar ,ct. tz th uppennoct p n ot t me e r low. 

Me er L. 2t ~~U1DJ t.hiokn · sa '10 to 170 teet. 

Upper •edim t f th1 

prod:ue 

th1e ) ot cry talli~ 4 1· 

by alt rn . • r dational e.ntl ( ± 3 tee 

tra · &nt l 1 t &at , e • 1 

. ather to to ooth, 'blae- ua-7 o~n•avit1e~ J ~he dolomite 

T<>~. gr :r·lll k, p tt d .· rondn ttc re d.ol · lte 

c.h r eteriee• the entir r, lamination or bu.cle r 

arying d sr••• of rou ••.• 1 portion be d 4 n.d. n 

" d ~rna~ bh~ 

ehert i oonsp1ou:ou by it a'Qa n • 

Li :n.ol,ogy in thi . r ftl'i tro ol t a oon 1 tin ot aahecl-

ral through uheual cry t 1 to tr · - ent 1 oolitic lime•ton •• the e 

latur o or ma.gn ai · to th. outh. 



!hro1aghout tUa ..-.,. SW'r'G&l:t.t.e• art appreei&'bl•. 

beolu -1• re•i•\l•t •• ehan.t-t r1tecl., looallJ. by "PY low per

een't' •s or pe't-ro~iterotal: ~~· 1du.J u · etmO-t1J. e:tr t& oontai11 'IU'r!DC 

ptl'cen'" _ ;~~ -ot clAy, 4o1 . 141o· h.~ . tiut, e -, p li•t •n« uris 

(••• Plat• V:I). 

•11.rnea . to t e bt.tal at ·o i• 4enctel •ha1e.t n4 

atone 1 unoonf' t'mttble rel tl·~tta :re not a -Y• appar nt. 

, .. 
~•l4ue 

1 -, d 11att 4 by increa ·tng per-e•ll: ages fftt o · tn the baa&1 d1 o• 

and b . the QO.Otlrt'etttU~ o·t vg• O\Ultt ( 8-) ·Ot fro ~'· .. t1 4 fSI-•J.n• 

ua VeeJn ,.._..1• tn · entt a.~ t :he eont.aot ( •• Plat• 'fl%.}. ] 

tl~a.a•! l)evo:u1atJ. ( ! l C)-r : tnd ~~h~ok1a.,_ 

ie4a o! Dtvont&D ·ace ha e not beQn dietb.gu1 · 4 .. io~ th . 

ea•ttr: . · mtU"gi . · o:t th · . ·1ghoru I 1n. owever 1 .· t1pp (19-4:?, · : 122) 

-.1(4 •nt1o.n ot la•4s lfln \?et. ·· •n the , d1•fn and t!ut ltsho-rn · · 1-oh 

n ble -the fht-e& Pot- ( t) at Sho. hon~ a . on. lU.t o e~tion r-e

t rPei to outuop.$ *-t f :n&l.ep Cl.n· (J%1 1 'Shell Ci.nyon, pd a t of ~- • 

!he pJ-9& · n' 1 O\aa l r•' ,.., ·t:o lar bed. noted 'b~r the wn ~ r at. 

ot · ear 'th•• · •e lo · lltl ·•. 

!'b.e Gg.ntt.ot or the r oogntse , elitf'-.formi g b t-1 : dis ~ 'b 

th tmde·rlyi · S...nts. 1. , a •ll mf1r· e. : tllt · ·OZttonU:tY. ftd.J ht:Jr!•oll 

ud the atrat . 4iatel:y lb ~ low are oharacterited br aOI\$ or all ot 

tht tollowir1& featun• &.t th• l 1itt•• uot•4 ·~•~ 



1. ero4e4 irre ular aurtao .ot two t 

2. Pho pha.t!.o oonor iona up to 3-lacb. la • 

3. Abunclant ti b b •· 

• ll•c ote4 etr1ng re o.f h 'bite er 1 t rit , on t • 

ro4 4 eurf'e.o .. 

& • Gl uooni · · -ab.e. 

• C•ngl rati• b •· 

?. Cbalmellng 4 olutioa. 

8. Silleit1 .at1o.n o·t ad· rlyia · • d1menta Wh r portNI. 

9. Lo 111 111 h iatere lat blao hale atri ra d1 tely 

1 w the oonta c • 

!h litholo ly b•low the ereaiona.l horiaon eon 1 t .• ot 

quarta1t1c . clat • 'blMk · hal 1, d v · · 1 olor d d.olOidt . a. . :t 

el ep bla · k hal • ar a.uen: sand tou oeoura ia 1 · na tr 

0 o 2 teet thick, h re th tandatone li l'll ero.1cme.1 charm 1 r• 
and t1114i a 1\ltloa oa rne ly 15 t et · low it upp r aurtao • 

· :t Shell Canyoa bl•ek a hal · trb· ra r . intertala~e4 w1 th tb1n 1 n e.a 

ot a 4 .tone d ar 111 o 't'aricoler 4 dol .te· t a 4epth of ab ut 

ten t t. A\ oo :ed Qr . k Can7on liaited out r-opa toe4 to on-

ai t ot inc p t nt., thin•bedd cl* te tc dolo . ,.,, thee oh•.' , 

oryet ll1n•, an ooa ala • p rtly till tl with bla~dc: ar\Jout.o oua. 

t rial. 



-21-

Wilbert a. Ba••, U. S. Geolo ioal Survey, ltaa identified the following 

cono4onta and oommeate4t 

•eo11eotion 181 ••• Amo:Xtg them e.re mu7 epe•imena ot Siphonodella 
dUflicata., ! . suauuelio&ta, rol;rpathua iao:rnata I and Spa~h!e!thdua 
aateienta:bus together with a fewer D\Dit'be·,. of 8iphonodella aexplioata 
a.ncl Polzpthua oommunia. Diaotius cr. !• tra&oaua, ililatbOiua ap., 
an. 4 .. Faeudiofollf.jthu . ap. a.-e each r. · preaen~ed.· by . a sagle •peoimen. 
Thia fauna it de ·tnltely froa th lower Jlisa1asipptu. there ar ~ , 
however, tour epeoim•na · ot Ior1od.ua in th llll.te.rit.l that waa uamiae4J 
the1x- preaenoe indicates not oaly the:\ the tauna is a mi:xe<l ou 'but 
lao that roeka ot Devonian ag may be preatnt in th vicild ty ot lhell 

CalQ-oa. Dr. t>av14 l>lmkle of ~he V. S ~ lat ional . ws wa ae.minecl the 
tiah hagaenta ot oell•otion 167. Be recogniMd the ae belonging to 
a m.ember or the lt·&dJ'o4.0nte thuk . • 'fheuse tiah are typical ot the 
Oarboniteroua though he statee that a tft U.ve been reporte4 trOll the 
Upper Devolda.n. 

Colleotion ·1 ••• the oolleetion oont 1a . eiagl reoop.i&abl lower 
JU.saieaipplan oono4ent • Polypathue 1nornata. However. a larg r collect ion 
WO'll14 need to be xami11 d betor &a}" posittve atatfJment could be 4e re• 
gard.ing tae age of the rocka tram whioh the oelleetion oame. • 

On the toaeila from th dolOJBi te into 1Jh1oh the oonodoat-beariDg ----- . 

aandatoae ot !enale·ep ha ch.aluleled., Dr. G. A .• Cooper. Smithsonian 

• ••• a pee ilaena •• 93 •• poor •••• !h Spi.ritere look like fhree Forte Devoftian 
S_p1r1ter but on the oth r hand ~hey c$ul4 lie Jft.a•1••ipp1an ••••• lothiag in 
the colleetio:a ia even auggeati'Ye ot Jett•r- on Which haa u entirel,- ditt .... 
erent suite of S;rir1.fel'e •• • 

The 'ba.ae of thia aequeno ot doubtful age h 8 beeB plaoe4 eelow a 

sequence of indurated., lami.na:ted, edloar•o\t8 clay ·tones at !enaleep. llere 

a thr e-foot aerie• ot er-oded, coaglomeratio oe.rbenatea 1• belleTed to 

denote the top ot the Ordoviei n. 

At Shell Cu.ycn {ae. tront1ap1ece) the b . ae •t the Devollio (?), 

linclerhoold.an (?) aequenoe haa been eatablished. on the baeia of lithology 
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an4 t: una. Lithologioall)', the baa underlie- r1 • ot shales, 

. and ton a, and dol a with high p ro at gea ot ola1t1c r al4u•· 

Dr. G. • Cooper he. _ 1dent1ti .d. 'th - tollowi na tr · 

a d nt below tht hvoni - ( t) .. Kinderh okian (!) •• ue 

toll t 

210 Da llid 
Sowerby lla 

110 b .long in th hi h Ordovio1 n. 
toll - • 

. ". ' .... 

iud ~book1 ( t) be ar pr • nt )oth at ten 1 p d at Sh 11 

Canyon. 11 reaaon t t unal a ilaritt • ix t un t d etr t1 aphy 

atmil r to that at Shoshone ~oa th 48 4iately below th - incl r-

hookiaa (?) be4a a.r · dee1 · t -4 Upper Devonian ( T). At poetul t d 

abOTe th 1a thiebea o-t . Uid rhookian (?) ~ - 4s 1• about 10 teet. 

ith xc pt1on ot tb clteen a ctioA at f nsl ep, th two upper 

er ef th M1 sion Canyon for.mation 1n the Bighorn aiD coa.ist 



oetly c£ lila onee •. ln th r ind r or th diso• eeetion, 1 

ton p .,. nta •• 'Y&.r'f wit looal ty ad · er . !h ta.bl b l ONahowa 

thi t 1at1on. 

n•lp . hll ha~ 

3 1 85~ 

JIC a 'ill> 2 - ~ 2~ 

L 1 71 -~ . ()%. 

La ( 2- ~ 

" t 1 1 ~ I "" otio 

Aver p .. rcentace of • o ioa in 'b bl-·--35~. 

aton a ar · in lu41n 'b th oaloarenit • 

e loiru4it a ( eli on 1 Wlar t 

th · OOD.d typ (1 4 I p ). ex1eten e o • liciti d 

fa. 11 tra 1 • r k .-herein whole to ila are illolti d pro-

vide . . 'rid o of the char 'ter ot the sed 1 n part 

ah • d bri· th aouther xtr tie or 
th b ai th vari to c 1 11ulit or Ub· 1tho-

gr phic l~e ton .a with e1a1ti ttiniti • h1 cl th 

broaJ a.l o, toe 11 o ntent · crease to th outh. ! • in 

color, eatur • 4 t a 1.1 onteat 1 · 11 be r 1 te to i- cc troa 

the aaiasippian ehor lia • 
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c nt 1 nt an pl 

a ion yon •~Cl~Lmsnte ot the n r 

w1 •" la · ·d. 
upper • 1on south 

ol • 1t •• 

n'ri.r 

fh dol 

to · tiou and er 

tl n t 

it. 

ib1~ 4, 

.' , r• P"•P rly 

t 

7 

t 

4 ta 

• 

•• nte 7 ha•• een de ai 

Ll 

1 

1 

oan 

t (1) 

iat rpr ted ae r tl ettn 

(2) to · il eont ntt (3) a aooi tion with wh 

rin , fo ilif' roue, tra ental 1 . .ton 

rth r inf tr . io ol , tis io 

or ·U 17 it, ot oour· e, 1. 

of th uppe · at I 

p . :lt 

io 

•• 
pp 

the up r portion•· 

on: 

r pp ar 't 

1 y. 

ol . t · andt grad br ptly ill o lim• tone anck J 

of 

t t .on. it •u ·t . , 1• 

d poe 1 proc ed d pr. or o 

1 and • th1 

olo . .. t1 . 1 sto · 1 n•, 

not 

t th 

ot the 1 

lsati · ot-

ti 1 
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nt 1 lime t thro h p tly dol tic - , tra ntal 

utl1 ot 

ntinuou 

_tr ti la ·• oul · be vl 

Clo n . ( s. ~ an4 Ii . . tt ( · 1) 

t•. It i inter at . 

ion 1, ol ·t 

unoontond.ty.a ancl turth .-r, t _ • roeu e of 1u le r aidue 

i .nore •• • th uno ntormi t7 1a approached tr · 'below. It woul •• . 

1a .1ght at tM• tha 

1 -

y b r 1 :ted to b G 1 1 Gt 4epoa1· 

tion o d, 

dol 4 osit • 

c l.e1t1 4ol ·t t ·ol tl t · e t a. 

f thi her 1 th el title ture t it 4 nt .• tlo 

l e't t t c1 eornt.a1n ·OOlit •, tra-

dol tie d to · u. 

.k ol te 

gr 1a nd qu . ta ailta With a aull aaou• ot inter titial oal 1te 



tlour" ( e 

app r t--o b , 

t'h • clo t · $11 h 111 'Whioh 

~i 1r pe ly lu.tre. 

!hi th fl" . ol t1 1 ol te 

nat · , •1••, 
r ourrent aeti • 

patti 1•• I pu .:t- d, J lrtu 

ott a el ti 

trital 

a quent ·olutioa rt an 1 

ta· in th el tio ol 

that li.me·Jton 

ho uh dr 1 d 1 1 te rh 

to c are 1 

et dill - t1 11 olo ia 1 

er r · 

o _ th. · L l motoer 

ot d1 en ti 4ol 

1 

tu t -r. _atur 11 

•u tt th1 type ot dol· . tJ. 

it a wou1 · 

Wi ul t a. pri 

t . a 

P•ttijo (1 I, p 

ol ltt•• . 

' 1 c pl t r 

F1; t t · u -
• th would ob• 

31 } r 

1o lly 

pro-

to follow · co.nda.ry -~ p rt · t ol mi 

rh h · in lime t . , ( ) ~tto d1 tribution t 

mottli • ( ) del t • o erle.i by 11 · aton • or JUok • 

pre ~o of a un ~ toaa 1 

tor th 4ol 1Mt1on okv. J the unconformity bov a neces-

sary factor. Slo•• (1 4?, p 111) b ention 4 tha ta oz-oa - · 4de , 



b _ re<t-b sin olo te . -r 

1 ittion tr 

ot un . t to 

t n to creel 

( ). 

t xtur . d olor 

of ir 

th pr i it tio 

to i 

t r t thea 

r · a.te4 or 

proca~stunt 

t 

bn.o 

ot 

r o1p1 

of olcr 

the t ion Oa.nyon a 

11 

-a .. 

ly 

unto silit rou , 1 enoe 

olut n • f pr· · en 

ti 

ou ly int rpr • 

1 o ol - t • 

. ry (1 Ot) 

1 'IJ 

wenhof 1 (19 • p SS9) 

on th leaa, t e ao-

C 3 rook~ ar 

1 1 

g . v i .. 

en 1 c ll pa 

ion ot.iviti • 1 

ontin . a. in t 

nt a.r · r . lated 

pori a. t t1 .• 

r tid a · ir ppl1o ~1 t orr -

l tioa ia 11sour1 • firat publ1 heel :r Que a (1931). 
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lnd n4 -nt dev lo ant elaewher 1nd1o t d th• wid pr d appli

c tio ot inaolu le r idu • to strati phio t d1 •· ana d 

n · nolatur a a1tat d by the F Tinoial t• 

etandar41s t1on • o y Ireland t al (lMV). Jl'bly, 

Qrohekopt a eCraoken (1949) h ve published a Sato ti."f'e atate-

ent oa ¥1• owi F 1 oa.o1c re iduM J tboa - \llltamili r 1t'lth r si :u 

lyai Will find thil paper e. '""7 u · ul uid • 

Inaolubl re 14u a ha • 'b Ya.lu tedj enerall , 1A r .rd th S.r 

0 rr•lat1on prop rt1 •• th1 baa been their pr application. r 

r .aulta h ve n publ1 h d which interpr t a14u l't .ri 1 in light 

ot aedtm nt&ry nviro ~t• or 1a light ot po d po ition. 1 proo . a 

to whi h th a d . nt h•• b n aubj· ot. 

Dirt r n workera h ~• obt in d outorop a ple tor 1n lubl 

residu a th b chann 11 d by pot • lin • h variation• r -

.ulti · tr an pplt at1on or th ae dirt.r nt thode ba"f'e b en dia ... 

ua d by G ldie . P lt• (1 4f)J in th ir atu4y no a.t d1tt r-

e oe . were ot d. ln th pr t tud an etro:rt • d to o ~a 

oontlauou ohannel a ple. .t ia b, lieved that a c.UJ!Mmtfltion prooeaa • 

o b extr pol t 4 ore ex tl7 tr . t reaulte ot ch&l'l!l ling pro edurea. 

In o n l t1on • r ooneti uenta t tnaoluble r a1 u 1 are ot ge .r• 

ally u 4. A le a r u• baa b en de ot rea1 u p ro•nta •· Cheney 

(1940. p 71, fig. 8) ha ino rpor ted roenta :tion oorre-

latin iaa1pp1 Ordovician t 

bll (1942, p 131) have pr sentecl 

tic a ln T xa • loaa 4 

unt ot 1naolu~le e1duea a 
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'YOl rc nta, a in tbelr d.1 on a udy. Ill th eurre :t 

b • beea toua4 ot 

v r, the uae .t · vol . 1a -.1 aho 4 

provi a.tietactory r •ult • 

the r i<luea t tbe 41a~n in 

i ot 111oitt d toa 11 

c -" ; 1ti ' d da, 

olay , oollophanite, n4 ri a. In ol . 1 r 1due log · 

an4 orr -1 tlon ·Of the 11 · hora d.iaw · e hown a Cha. . I ia 

pock it , - tollowi orit - 1 ar · hltah _ 4 ill r _la.tio t · 'bh 

r aidue · 

(l) 

th 

(2) 

If t cl at1 

ch ra.c't r11 the up ~ 

(S) Aggr ~te 

p~o t'ti _ • 

_ · 1 •u.t with t1 1 pltt gr in• 4 notee 

• 

a~;~a.erl~~• il:l o junot1 wit bi peroent-

k th . b • of the aioa e- on C 2 r. 

c nalatln ot bq t ail rr 
· 0 2 . r. 

iltt ot very tiaely dolomoldt , micro~ 

cey tall in quat,'tt, tin ly dol 

the c a 

(4) Ch to re 

iD - oo1at1on with. cl ya, u t 

11 oolit• or gr ine 

an , silt • 4 b. tit flour 

char ·cteris th Lo pc>le L 1 m.-at>tr. 



( 6) !h ·. irtual aba•noe or re ·1ctue, w1 th tew uoept1oaa, 

ohar ct ri ea the Lodg ·. pole L 2 m tber. 

(6) l•latlv. ly high p· roentag. a ot cl&JS 1n socia.iiell 1dth 

ann ciral to euhedr 1 quart fro t d. by mlero•ceyst 111ne q a.rtz 

gro:trtha, chert , and e111o1tled toe til fr-a nta denote \U'lOontoraity 

aon •· 

{') Chang • with 4 pth (i.e. iacreat·tte or deere ·• e) in th 

peroentag . curtr. ot t claatio inaolubl '1 be u e4 for 

exieta b tw'een ftl"i .tioa 1a 
in . 

\Ult8 Ot ol a.otic . t ·rial OY" kladt Of 

a111o out re id.ue. 

With th uc ptton of th · tirst t oorr lation oriteria ote4 

bo · no alngl. r idue eaa be used 'o detine positively et.rati

graphic int nalJ ver 1 r aidue tr . u inter 1 uat enerall7 be 

ua 4 tor thi · · purpoa • 

It ia b · lien4 th · t tr charm 1 samp1 re 14u • ohu e in the 

d1l'" otion ot· ~lop ot the el et1e re idue ooat nt ourve "1 'be ot 

'Y lue. By interpret1n.g this lnto · tion 1n oo 1nat1oa Witlt ooourr nc a 

e£ , titie4 ilieeous r aidue. n 1rcmm ntal and pcat4epo•1tional pro-

e saea should bee .or cl r. 

RBOCUS 

8reco1 t re 11 dneloped in the Va.di on of i;h B1 horn Baa1n. 

Certaia ot th 

regard ap o1al m nt1on 1a 4 ot the _ 41eoa brecoiae. 
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!lw typ -of brec$1 _ 41 ·f r tia.t 4 in th · 1 ora 

o· er1etie . tt --t' t1 t · th • !h tirat typ• 1 b -

lien . to o Di t 1nct1 t tnu- a 

i;nelu ( l) pl 1c d•to :bit>n o , oobbl a, (2) grr ly, oo rtorte4 

1 tione, (I) rrat1 bua.1 cont ct o'Y•r hort 4i tano , (4) 

-lati ly 11 atr-atigrap io thieb • . 1 ( 6) no torei a tr nte, 

- 1ati sa 4 (?.) undl turb d 'b-- dcling 

edi ly bov and b _low. 

S ~ aimilar oo ur en • v• ••• t ri eel by u.n -(1 4 ) , 

v :Strut n (1949), an4 n r•ue th r-e. 

he ttrtbut d to au 

tiona fr ott - • y a 

fh a brecoi bear n 

uno tormity, or p roaity. ple t ( 90 teet) 

nG. a Sh tho Cdfoa (200 tee ) • 

fh •econ4 type o br o~1a cur 

co tact b ot t L 1 Lod • this typ 

which be r . 4et1 1 e r 1 t1 n to r -t1gr _phio po ition, ia b lie . : to 

. r -aha.rp•tG con oci • 

or all o -- the toll wing char ot Ti - 1o ar not 4• (1) per iate ey o•er 

lo diltano a, (2) angul r • pebble -•1 tra enta or haokly oharaoter 

loo lly- ooiat cl with aubround , 1• ooth p bbl •· (S) oc urr.nc 

o two or re 'b d ot 'br ocia 1rith - a 1., 1'- &tl"&ti s-aph1o i :ternl, 

( ) oh n tr pent•• (5) aa OtJ1a-t.4 1 tr tol'"llational oongl ra"•• and 



- -
:ntary h. tit at a ar. y hor1aou bo , (6) 11tbolo i trana-

i t1on •bove the 'br tb. looa.l 

oau 4 by olutioa. (7) 1 . 

mioro-oryat•ll1ne a ooudar7 

ot r•-id l q l tro ted b 

h , (8) rel&ti ly large un~a ot 

olal'tio real4ue. (It tion l ou-

gl ~e.t 1 ~lit • with h n4 nu 1 1 rNd • a ''is 
for , ll•round d pe ble• c ot e lar oolite • ) 

Breooia.a nth aWl e eri1tio . e 1:1• n eacrl - 4 by 

orton (1911, p 116), $hr., k (1 , p 7. 6 >~ ij&ha (1 , p 210). 

a ei ted ~ ~ur a th a br eia b 1 

ori 1na-t .d p rtly ~h r- ult o" ioat1o an partly 

t porQ 'ou nlhup .t-on COll 1 •r t ·• • 

fhe thir4 typ ot br eoia. ooo~ only t th . saion 

C&l'JYcm JlO 2 r an 1 t lcpe« ln t di on. 

I b _ r _ d _f1n1't r 1 ti·on o tr-ati e.ph an4 poro ·iti J lat r 1 

variationa in it _ char ·et rietie& ppear · iptriout. Typic 1 outcrop 

ar to\1114 at &11 loc lit1ee, · !l. YVi ticn not at t north rn 

an4 aoutb rn extread ti&• ot th 'in. 
he c11 .tin tive t .ature of tld · 1 (1) per 1 tenoy 

o&ompan1e4 b lateral vuiati · a i litho o ·ic t · tur , (2} loe 117 

re. ed .nth ll•r trap nt t •• ot breco1&, {$) cocgl · rat1e 

ftia1tiea a.t baa , (4) tra with exotic lithology;, {6) • ~angular 

aad a.ngultr tr nt• ae 11 pl aticall 4 tr 1\ta, (6) 

varyin& degre ot oe atatioa b7 a rly :brix, tio 1 upward. 
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int 1 v r r _ ccia o~ov ia the 

( 9) in ula.r bas ·· conta t ' k 4 '!I • · rad.t o eurre-n •• 

Of gr en hal 1 ( 0) loe lly With O&n CJrle4~ 1u41at!llO~ 'beet ill 

pl a • . (ll) fr enta., lithology and ina 1\abl• r aidue at' 

br ote. 

1 

roc al roc.k below. 

.M; h ~ i . 'b 11 . to t e· e b r aon in t · Pr,.Or . unt&in · , 

lo a e..nd lin (1 . , p 23} refer to this in: e 1 eolut1oa 

ain div ra li'h logy •• noted.J tluor1t -

1 !Where 1n 

'fshe 41 -~ only t hor·i oa . bo l r. t helow the- ... recci&J :f) 

thick : uA1ton · ln•·•• wr - toa4 in th · breoot.a • 

t t · ddi plan a " · aot ,,4J •t Owl Cre k leu•• 

in th lu••c· i . J at ll looaliti • ·. en aha.le 

tr f' toun4 in the ly matrix. erry (1948, p 1 ) entio · 

1 t t t t.h aai ve jae ry li at nee · 

on ttro et ot !hre . ork.a, · nt ·· • ·hia oeagl -

ente pp · -a to b · · r tigr phi6ally oorr latl • ldth ~h br ooia de· 

•orib d her in. · hompson (1 ) h v no · e4 thia 

breooi . in th y • :'ih&• ar Alco • e (1921, 

p 52) • c atact a - 1 78 teet 

'b lo th -d.. n- ·4i ~ oontaot 4 t th · b of a , • in 1 o toa 1 
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tbil pp ar to • r tigrap i .117 eorr l Ubl th thi 

• rocci • q · no .. 1 th horiaona not - 1 Le and rry r 

orr 1 ti , indications are that th of th br co i -pro4uo ing 

proeeas reocia. with oae 

o~t riatica 1m11ar 

(1 ' j p 6$, · . ). Jlo• · (1 . 1 p 12 ), OcltOJ" U4 aJTi8 {1 . 28, 

p 21 l, ·aer (19 ). 4 V n f~l (191Gb, p 122). 

pret ct .. t ugge t Ol'i. 1a r la: 

rre yet pla.etio b. ddit1: o e.-oaional 4 d ·poaitl na1 proo •••• 

te 1-win& 

angular a-t the aorthern looali tie a than f1t t •outh . rn looall 1••. 

4 · d n aS.lt• lfhich penaea the brecoia at Cr-ooked. Cre k v14euee 

poa~d positional activitiea. It 

y .na. v r •ulte in u . ·in land · lidi ot pl iltio JlC ·. ••41ment•; 
thi1 up11 '1 haw twm 4 le.n4 ma• • to 'tihe aoutb from .tdch aanda 

and ~ en alutl a r d .rind. ·Continue . uplift y have result 4 in 

ortiu . an4 d po · it ion continued. Loc ll)', th 

lithology d. 

th · pre'8enee _t ~ .atruct •. It 1 .. couei.va.ble th :t teeton1e 

up 11ft ha ere . ted ea'riro enta t Tor ror bioh na dev lo 

th. OY r1ying t.oa iliteroua • rapental l" . ton a 1 ac! a.clditional. 

•upport to thia i · • una · · ta ty ot oonaiderabl ext nt reeulting 



troa te tonio uplift i bell ve4 vid no d.. While the • r ooiaa 

1 he.• an alternativ explanatiol!l, 1t i• difficult to oono ive 

how th y y be xplain d a-ole.ly • collapse from solution ot 

e porites or limeaton ·t, or tr ·· :"11 aotioa. However, it i ill

d ed p();a -ibl th 1i uplift ay ha~ r sultetl in the formation ot 

1aadlocke4 ba 1a wner b enporit • and l · aton•• ••r · depoeit 4. 

C tinue4 upl1tb t · lloqd b7 roa1on a4 by solution ot the eva.po

.-1~ a and 11meatonea appear• ~• aonabl trom th1 po1at ot Yiew. 

PO!lCBlT 

llfmtlopnent ot por•ei:ty 1a oaloareoue rooks haa lot:t.g b D. a 

oontrOT r i&l subject. In utficl a anal71 • preftn.'t a d tail 4 41a

ousaion ot poros1\y at pre• • How .v•r,. the featw•• o rvecl 1a tb 

di . on whieh pert .in to th1a pro'lll ar • ri1 d bel • 

(1) Progreaeing tr toutbea•~ to northwest acrose th Bighorn 

· a1n (going a a r4) th ra-tio o · dol.omttee to 1 eato11 4ecrea•••· 

Stetdmaml (1911) haa d1 cua 4 th . relative aolubility ot limestone 

and dol ·t • 

olubi11tiee. 

The vari tioa note4 her y lie a fWlotiou of rel&ti VI 

rom the r a.•oalng of Van fuyl (Clou4 and Barn a, 1948) 

thi · nr1 tion , y 'b r lat . · to at•r d. pth an . 

(2) Vncontormttiet, 4ole t1c-t1cm, t.n4 poroatti s with1.a t e 

Jfa41•on ••"4 enta ot th . Bighorn lin are qualf.tS.•4ly r ta.te4t 

(a) .A.ppreeit.l>l• poree1\1e were ob rv 4 ln 4olomitea ancl 

dolomitic 1: e t-one• below UD.CoafermitieeJ on the eth r har.ul. e 
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dolomite below uno ontorlld:ti • · r observed. to ha very inappre-

ciable poro i ty. the d1 orepanoy appeued to be ol ly a tunotion ot 

varying r !etance to 1 ohl.n,. Appreciabl poroeiti • wr .noted in 

olean dol end tee o-tQing larg• vug , many of which r te.ined. r lio 

fo-ssil outl1n , and 11\ partially dolomitize4 limestone . troa whioll 

om.e o lei t : · appear d to haVe be n .electiYelJ reaottt d. Inappreo1able 

porosities w.r oooaaioaed by unl h 4 foaaile and int· r&raia oal

oit "tlov • Oa notable dlttere-n obt ·ina b tw th: • roeka. 

Tho lihich ha e little poro ity eon iat ot olaet1c, c:ro•.e•b&clde.4 

dololllite • this. suggeat that cla.a:tio dolaik taei • nr• co paoted 

to sue a degr e th-$.:t percolation or tlu hiag ph-enomena · r prohi'blted. 

Por·o ity d velopment· in 'the· ae~nta appe to b directly related.; 

.o to the crunt of · olcom.1t nor to the d gre.e of dolom.lt1aat1on, but 

to th . "elefll'l.ne • the dol tizecl rook. 

(b) h d. gr :• ot dolomitisatien in th s ·a1on Cuyon )(Q I 

memb r int tely r lat d to grewtha of · cQ'Jadary, · .-re-orysis . lline 

quart! Wh1eh could lly b tre.ce , acre • b dd11J3 plu · by ob e:r ing 

• th r 4 eol&r 4 har4n ••s th: qua:rt.z · aaoc1ated only 1th 

o:rye·ta111ne 4o1ait .. In addition to modifi 4 quartl agg.r g t:ee tn 

th r•aidue , & tine t\e·n ot traetu.r •tlll1ng qua-rt& wa · oba .. ..,..,. 

den:tly, here fracture• b low an u.neonto-r tty formed chann lwa;ya tol" 

1olutio ·$ · wh1oh depoeit•4 •111.oa thua reducing the poree1ty. Ca.loitio 

ro k 'Whioh r$mainsci undololllitiaed ev tt thovp por-•ue contained 1'10 
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apprec iabl quart a. Bere, the close a oo 1 tion ot qu&rt& an4 

dolomite ·1mpl1 .. a r latecl growth. Silieitioation wa more int ill

ive in the younger •trata and. outorop r lationa auggeeted that the 

aolut ions oame tro &'bove. 

(3) A eingular ooaurr noe ot dol . 'biaatlon My 'b aeen at 

Shoshone Oanyoa. Doletaiti e4 portion occur aa re ietant. iaolated., 

'b d.ded ooneretiona or pa u4o-boul4 ra in b d ot h1gh.ly-tracture4, 

trap ntal and micsro•granular limeetoae. Thea forms reaemble small 

bioherms. which their be4d.ed nat\ar shows to be untrue (a e Plate 

XIII). Dolomiti1•tion in tb.ia oaee eema to have prooe ded upwar-ds 

traa the fluorite-bearing beda e41at ly below. Por.me etmilar to 

'thoee not 4 abov• !\ave been d or i'b cl by Van 'tuyl ( 191 a, p 255) • 

Isolated patches of dol iti&ation in area ot ore deposition haw 

been d: ecri d by Hewett ( 1928). !his od ot ooourrenoe 1 g a"ta aa 

origin r la.\84 to arteeian percolation aom what caimllar to that 

auggeated by Lan4 s '(1946). That <lolomiti&a.tion here •• plgen•tio 

•• ma moat probabl • It tb se teatur a a.r correotly interpreted, 

th circulation of arte ian waters 1 have ha4 aign1ticanoe in th• 

dolomitiaa.t1on of the Jla4iaon ••dimeata ot the Bighorn Baain. 

COIUW XOii DA'lA 

S!RAtiGltAPKI C CHD.t 

1 thin the Jle.cilaon forma tiona, both the pr aenc and aba, -nee of 

chert proved helptul in oorr lating. Th folloll'ing general1&at1ona are 



-39-

drawn. betw n. eharaoter, ad ot ocourreno· , e.ncl atratigr phio 

po . itien. 

Chert vary fr abundant to acant within th aion C .yon 

formation. thre-e dtati.Do't typ••, 1rl.th o-ditioatiou, nr aot d. 

!h ae types, although not Wholl7 analogous to th twee 4eaoribe<l 

by olee (1938) show d finite aimil ritie • 

Typ 1 che-rt a occur in irregularly •ha.ped aod.ule• whioh 'Rather 

d rk gray to browm. they consist of graeular to aubporoelanou• chert 

enclosing •a.ryil'lg per eentagee ot quart a eryetala or grai ae. Jlioro

aoop~o analyeia aho.. a gradation tr well developed, oearie quarte 

erys'tala through mioro-ery1talline ql.larta to fin ly gru.ular ailio • 

th same kind of ohert ia no~ed a oe-ourring intr q~ently in thin be4a; 

thi mode or occur rene bowa paue 1ty ot quart a oryate.l1 or grains 

but bodies abundue ot ilieic micro to ail and _il1o1o to •il 

tnpenta. 

type eherta oocur · inegular ly •hape4 nodule a ant as oen

oJ"etiontJ theae are yell.••, reel, whit , gra;y, ana 'browa aoned oherte .• 

lo tosaile or reoogalaable nu.ol•i wer tourut ia thea fol"'la. fhey 

ppear ~o nry troa "Jaeper• to chal.oedoAy. !he aurtao• is o only 

covered with a tripolitio coatbc. 

Type 3 ohert.a ooour in 1 maea conformable with 'be4di pluea u4 

l.oeally a-a layer 1n thin c.roaa• 'beclsJ thea• oo.naiet ot lamiutecl, d r:t 

to light gray, gr nul r silica which weath re da.~k 'brown to yellowieh

brollll. 'lh b dcliag aurtao•• of th·es ohert.a are modit1ed lJy d pres 1ona 
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'Whieh resemble cast J ho ver 1 wea.th rin uy hav pr·odu.o. 4 thie 

. ffe-ot. 

Cherts of type 1 are dominant in the ··c 1 · her; th y occur 

sporadie lly in the JIC 2 aember. Cherts ot type 2 ue dominant ill the 

. Q 2 umber t)aly. Ch rts of type S are · dominant il11 th C 8 er 

hut their pr _ -eno 1 al o a.t d in aember KC 1. lloc:U.fieci form of 

chert resid 

ithln the Lodgepole fo tion ~her-t.• at g nerally b e:nt or 

aoant. !hey ar pr•aent rratic lly in til top hod.a of th torma.tion 

and at the L 1·-L 2 eontaet. !h erratic cherts in the Loqepol e 

nearly a.l ye nodular or in a ll pod-11· e len ••. the · lie c tom• 

bl with t ·• M ·ddin • 

A sing 1 r o ou.rr nee t whit , granular ehert whioh · r1 4 to 

eh 1 •4on1o eh r was ot 4 in th Lodgepole to . tion at Sho ·bone 

Canyon and -• .t Crook · 4 Ore k. 

Th. o.hert t th . L 1 to L 2 contact • d aori'becl on pag 18, VfU 

unique. Oolit • in tbi chert h v qu rts oentera which re . urr_oun4e4 

by f'in banda f>f red and yellow, 8 j pery eh rt, all of which s.r• en• 

elos 4 in a r-ed to gray trix of ehaloedonio to poroelanous chert. -
INSOLUBLE RISlDUE CIDm'l'S AND MOOIFIID QUARTZ 

Some not.-orthy example or o41f1 d s111ceoua residue were ob-

tain d trom th 4i•on aed1m n'ta. Cl.a.y tr ctiona •re not separated 

trom the cQaraer portions ot th . insoluble re81dtteJ aep ration or the 

clay 111e fractions would hav permitted re dier 41at1netion of the 

conati tuen-ta. 
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Dol · oldie and dolomorphic ttehens• and 'tll'l1UOdified cherts 

wer ob ·. -erved to \Je ot tratigr . pbic prominene at or near uncon. -

fonn1 t · e , •. g. !.10 J~ c 21 L l-L I a shown on Chart IV. The . 

*cherttt" - ~ general.ly of a t ely granular variety-. >9' ea . only 

varr to finely gr~ quart • fh modified forms of .t,b e tended 

to be of larger ave:rag siz.e than those of scattered oc~urrenc 1a 

the 8$Ctio ; however, many exeep'tions tc tbia e)d.et. 

lilicified fos · U remains and quarts (both odified and unmodi

fied) wt'tre o " d belmr unconformities, e.g. L l,..-J,. 2 as shown on 

Obat.'t lV • The two were not al ':f!S noted in con.jlme ion. Silic-itiea

tion bas . n related to uncon£orltdties by H<nf'~U (l9ll) in his tudy 

ether · ilioif'ied tes ·Us · d quartz at gi en 

horizons, .'3' repres nt sUicitication during · .. atuses of d.eposi tion 

or during : . bsoquent percolation Ls not known. Bowewr, higher 

r tive . · ount · ot anhedral osted qua.rtz may sugge t re 14ual de

posit ; euhedral and suhh~al · ual!'t,z C'r.YStal·~ b interpreted to 

indicat · growth unimpeded by · nclosing diments trhich ean be visual-

1 ed. · s occlUrl.ng on the n.a bottom during hiat e 1n depoaitlon or 

in unsoliditied sed·· t . ~ 

A repGnde . , ··a or dolomold:lo and dolomorphic cherts was obtained 

.h-om lb. Canyon sed nt (se Chart XV). These cherts occur in 

the b:r-e.o<d. _ ·t th ba. of th · KO 2· m ber, spo~eally in the IC 1. 

member, and in minor amounts in the MO ; memberJ large fragments of 

chert ldtb infrequent; cas.t (?} or pita en the ur!aee ere found pre-. 

dominantly in the . e 2 member. 



Oolitic granular cherts occur in t:h llO 2 and L l memb rs at 

.Sb ll and Tensleep·· 1rom stratigraphic po~Jd. tion those in the L 1 

member ar eerrel.a.ted wl th oolitic limestones :at other loeali tie,a. 

ithin the L l member these "oolites" exhibit no CQnCfntl'ie etruotu:re 

and oceur $1ngly as grains or in .gregates, which are commonly 

surrounded by a delie ·te .shroud of quartz. 

Filigree, dolomoldie qua:rt'l is prePQnderant only iD the W 3 

member (see Pl ·te .tv). F'r qu.ently associated lritb thia quart• ar 

small ehert granules. fb granule . grade .from dark grq chert .· t 

their interior through kight colored .cb rt and quartz to micrc-er,-sta.U"* 

ine quarts at tbe exteriors. . Thi ia believed to result tram fJOlution 

. ctivity which . s ccnoom1t . t with or followed th . J.W a unconformity. 

SAND OD QUABT~ 

Sand and qua.rte frem insoluble reariduee of dison sediments 

furnish the most reli · l . single correlation crl.teriQn. In th1a sttt<V 

quartz is divided into (l) untn()ditied and (2) modified. fh unmodified 

refere tQ drusy quart• clu .ters and euhedral through ~al quartz; 

modified refers to dolomorphic , d dolomo.ldio quarlz. Using this 

classification the following generalizations can b - .tJtatedt 

(l) Unmodified quartz and allocthonous quarts . grains are charact

eristic of the Lodgepole L l member.. A san~ facies is present at tb 

b s.e of the m - berJ th1 . sand i composed ot ro'tlt\ded chert graina and 

well rounded quartz grain · which have finely pitted surfaces.. st·se· · 

distribution. varies from sU t-size to v-er:r tine 'With oceaaional. !ine-

iz.ed grainJ. 
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.. grain -· occur wi. thin the .MQ. 2 

th ·nigh percent - e of e1· y, lmr pere nt 

o no, tie g, en s . , "' d chert _ • their a soeiation these 

.and a~ e -sil;r dit~ renti te fran tb¢&e tn the L l.. r and thos -

&t t e b -~ e of the L 2 

{l) Jnmoditi · ,:ua.n of 1JT$.gtllar s pe d va;ri . is , as 

weU a euhedral tubb dl'l quari:tJ, the top <>f the L pol• 

. o tion and t er; th grd.u are o _ nl¥ 

tro.st· d with. gr1 ·icro-eryet,allin · quart • 

(4} d gr . t medi ail _ ebu ct-

erie t .e O:f .the di on t ell xp 1ocal1ti! ~~ These are 

th intr~- t n - of glalteonit _ lld ace · :so:ri .• 

GrJin · il a:-e at d · init in e t lisbing c rrel•t.i.one 

-~~1\1;, the · 1sion Cal\Yon to~ 

te particl " The LGifgepQl . fo 

the d1oo · gr up. 

tion oonsist· 

·'- i n consi t ·t tine ie.les~ e following dat - are 

d · :u.ab - tor d:t .ti ui hing the fOI'lllatioa : ·mbere--. 

a 2 m mber e.o:nsist P"redominantl.y o.t 1negular]¥ 

eh o:onsiat o-f mioro-granllltr O:arbonat.-e-. 

I ero oe1 :teed td. th t' s tth 

to eo . ly crystallin 

e i~, ~ .UJ _ntq <W2 atrix · teri$1.. e dOldnant 

t _ --ure i ldcr · · a.tnllar to bll tho apbic ( & · · Plate X}. 



!he MO S member oon 1st ot 1cro• to very tine dolomite pari

iolea in a iero•granular ealcite trix. tJnitonn1ty ot t :xtUTe ia 

very no\1oeable. Loo lly the caloi te h.a.a been leao.hed away leaving 

Jaicl"-O• to very fin ly eryetalliue dolomi:t• (aee Pl•te lX). 

the L 1 •ab•r may be clitte~era.ti&ted. tr• th overlying llC I 

ut'b•r by comparing part.iole •1••-•. 1n the o la.a'tlo cross-a cld 4 

4olomtt a the d1t'tereno ia not qui'be o e.ppuo.t(a • Plat a XII 1VIII). 

!he eryatal and grata siae ot the uppe oa'b L 1 varies tro coarae to 

very fin , distinct from ~he tinea••• o.t th$ •e I •edim.en\a above. 

Oryata.l 4eqlopmeat varies between 1n41v14ual L 1 be-da· J very fia 11 

cryata.lline d.olomite and oaloite form the trix ot oolitic lillleatone. 

1n lower L 1. 

fh L 2 member is not euily ditterentia•ed by ita grain site. 

An xtr me variability ia not • . 4. !he JllOre poroue portiona ar 

charae'teriae4 by mecli to •ery fin-e 1i1es ot euhe4ral and ••bhednl 

dolomite crystals. The .ore o~ot p rtion• • ea to b ot small r 

aiae4* u.h. dral crye.tala or grain·• (••• Pl te Xi). 

lo eovr lation ooald b eubatanttated on th ba 1e ot kinds or 

a:mouuta ot a.oeeeaoriee pr •ent. fh• prea nee ot tluorlt at Sho bon• 

0 nyon (beth in th . Cl brHoi& an . b&de below) prove4 to bt unique. 

in the Madi on. ling (1948, p .1&0) mel)tioat a aimilar ooourren.oe in 

the l'ermia.n or 'lex a. V1l&&r ,1940) ha 4iacu&aeci secliuntuy ooeur

r nc • or this min ral. & expla.nat1en ie ottered tor it pree•noe in 

the · diton. 



Clay miaerala haTe 'been little anal7iri in thil e'tudy. through

out the t, 1 an4 .Q a ---r· appreoiable ~ro•ntagee ., olaya .. ,.. 

noted. Increases and 4ecree.see or thes:e percentage• otter oorobon.

tive oorrela.'tion ortdenee. as exem.pliti.-4 b,y 'bhe b•ea.l ••d.imenta ot 

the Jfa41aon, the L 1--L 2 ooataot • and. the Jll a breooia,s. l•latinly 

hip petoeatagea ot qlay ia o•rbain coaea mAY poa•t,bly relate \o •u'b

aer1al sell cle•elopaent•· Correlat1oa work by <tria (191'7, 1M7) baa 

1a41cat.4 that cla:ya aay 8• -. illportant tutor in oorrelatione ••• 

in petroleua recovery. tt 1a not iapoasible tbt the ld.n4 ot clay 1n 

oarboaat• roeu ay be :a taotor in 4ol•1tiaatioa. 

QIO'LQilG HISTORY AID SUIIIIA!IOI' OF SVGRS1'BD BOQI GBIISIS 

Jxpoce4 area• which eontr1ltute4 the elaya ancl aanda. to uppe,r 

Devonian wediml)nta had beea tedueecl by late t1nferaoeld.u tiae to 

near ba.ae leYel. tild 41aatropU•• 4urins lower JU.s•1•s1ppian tbe 

may have eauaed re41atribu'tion Gt existing s:edlmenta. thu;J girtD.c 

r ise to the unco-ntcndty 4ea-or1bed. on page 21. In 'Vi ... et teaturea 

charaetar1s1ng the unconformity, loaal •tlbaerial expoewe , .... probable. 

Osagean Madison s-edimentaticn ia asa.U. to ha"t'e ~noed 'With a lonr

i ng or land l&nle which canaed a aouth•aatwar4 tranagreseing •• ud. 

gave rise to varying amounts or clay in the basal Osagean~ Lo4gepole 

oarbonat.es. .Continued sinking and flooding gave rise to deposition ot 

fragment al and nor.mal marine limestGl'te.s. Jluds and ooe•• et th .. e ae<li

monts were probably dolomitisecl before sol141t1oat1onJ .toss1la and 

fragments app\tar to have b•~n leaehed. after •olt41.tieat1t'>n when the 
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roe - had tren to intairl th voi produce during leaohin 

prece a •· . D 1 t L. 2 t · a 4ilaenta a- built oloae to a 

1 -~ 1 of d po•1t10DJ that dolomiti t1ol.t £ollowe4 ohu ea ot 

the e lev 1 1a u -geet 4 'by th · banded d poai•. 41 eu •·•4 on · &• 

2 • he.llo• •t r en-vl~o nt · at the .nd ot L 2 ti:at are po•tulah 4 

in 11 ht ot incr aaiu ount• of 1n olubl r idu b·_ li vee in pa.n 

to b redi tribut c1 produota r erocled L 2 earbonat:e ·• !ro iou 1a. 

xc a ot d poaltion - k 4 'bh. tranait1oa tF L 1 te it 2 t , 

1nd oat ··. ,- 11th .logy. uba•rial ope ur within th are o th 

1 bon. _ ain uring la L 2 t doea aot • . p.robabl · • 

Fo11ow1n th• h1 t s &t th end of L 2 t · , 1 ·tic tr . nta 

ot lw·atoae ancl a-.n.de · Fe clep it 4 1n -a hallow L 1 •••· L 2 

a d nte of outh ra ar a are c,onc iftblJ tr poPted turth r tr 

· hor 11t io pr o ed 4 wi1i a inking ot the L 2 uiD. Xu' -• 

to tional oolitic oon 1 . ratea with tud , ll itto, a 4 o 11t1o 

4 in ahallowr blJ tr . .Uct 4 

e ct:l.cm. Curr at aotioa pr•v 11 d d.urtnc this t et c pa.ra-

1 17 r pld clepoai~ion with clu1i-1c edim nta pr•dOJdu.ti • Culld.na

tion ot th1as perio4 t 4•poai 1en wa c u d l>y 4•pletion ot aouro 

aation ot b 1n 1nki:O.gJ or nio tonu bee · • abuada.nt 

and wid · pr ad. tha~ th upp rmo t diaenta w re p rtiall7 dolom1t1s d 

. iagen•tioally through marin prooea• a 1 tugge ted 'bJ textural varia .. 

tiona, ptue4obreo:o1 • · r · tol"JD$4 during th dolOldtlae.tlon proo a • 

) 



it on 1 ~r· ociaa • r 1 14 down durin the 

L 1 to MC I biatu&J aubaeri 1 spoaure mar lo•ally have beea ttected. 

Ooncein ly, th tol'JIAtih ot partl7 1a:a4loeked 'basi-.. ked tb ad 

ot L 1 t _. 

D .position in D · t • J haft prcce 4ed in mor highly alin 

aa4 pe ic -.ttra lac or allic r . ina r no 1n ••1dence. lbU.• 

tend.ty of t•xt\U'e ud fossil •oaroity auggeet that aedlaeatvy pro• 

cea during this tilu iat•rwJ. wet-e d . ·nated y oh cal taotors. 

!h end t>t C 1 time .ppear• to ba:v be•n ke4 lJy clitt rentia.l 

chu,ee of 1 ·-v 1· At th1 . t t otonic Aot1nty. au eat• 'b,-

br coia h'ap nt o£ di"f'erae 11tholo , may h T 'bro ht about aTiron• 

nt .u1t :ttl tot' ,lg· l aa4 o ral r:owth. A wid. •pread p r1o4 ot 

.roa1on an4 aolutioa is rea•oa•4 to ha • ••ue4. During 'ht• period 

lo1ut1on 1 M.v eaua d. loe 1 ooll -pa hr ·oei . • in the •c I m b r. 

Di triautioxt o .- •eco daty ailioa, dolo1111tia tion, and. caloit •olution 

·dlliRrtl:' t u 'b liev _ 4 t& h :ve ehe.r ct•ria 4 t 1a roeienal 

ht .n 1. 

ln a 2 t ct•ra'b•l;y .hallow . . ter' urbe envlroD.11lent 18 

• in light ef th · lithology 4eeor1b. 4 on pag · 2 • Ut bee 

prev . leat J ree~ an4 'b1ohef'll&l growth may h&v proaptrecl. Gr dual 

r ional uplift may baT u c1 1 .. eou.1 4 hoal envir rnt•, a 

augge•t 4 by au llth•grapMo testur • ia the Jta 2 ae4 · eata. ·apen'\al 

_ y have origlna~ cl tr earll r cleposlt•d edimente o-r a 

ro io . 1 clebria tr KC 2 ae4imeu.ta • 



.. 

!he trant1t1on tr 110 2 to IIC 1 tiU •• har. otert& d bJ 

iatlus ot 1 7 an4 eaa • 41t1o 1 ·intlu ot ten-ig aoue ~ ~1al 

teet•d by r .gi 1 uplin •uppoa 417 . )(! 4 th b iJ:UUag _r· lo r 

AlnlS(.lt!fll t • 

, C ~I IU!I 

l<l tr ~ truotwal trap 11 po .1 111 tie• •1tb1n Bi }\or 

. 4ison aed. nta ar• gOY n _y aiat • ot · -roaity rtationt, 

AI"'~~AA,bllitl! e. oontondt1ea, au4 ,. 

that conditicme f: VOl' ble tor . co-n · · e eo 

exia thi the . sin, 4 that t "Vor ble o.on41'ti0l).t y 

1n tlj.o1n1n •· 

., 
1n4iea'b 4 

o a pree1 porosity uiatt within t · · ion Can-yo . 0 1 

d upper C 2 perrl•u cap o er older 4!• 

nt • . ~ aity low th e 2 r 1 · ently related to the 

KC 2--- I ont nnity. it the IC 8 ember p.,.otlt1 • · :t . b•ll, 

Ol'oo Cn k ., cl 1n4 1ver ue lacking ia lar • part t al ep_, 

.boahone, n4 Owl Cr kJ thl• l&t&ral v rU-tioa a t.o be function 

t 4olomit1.aation. · tut1on. aa4 atl141ttoa~1on. ·oluti oro a1a.a in 

'th · liC 3 Mr :t Cro.oke4 Cree. a.a4 f ntl e.p indioat• r ftl ot 

ppr oiabl qu titi t er1a • fh1 eolutlon ao · 1ri't 7 ••• 

cr at _d oaYern &nd vo14a whioh aP looallJ upporte4 y t 

a111eiti 4 o ~bona.t , atld.lar in tonn to ooourr n-oea o't _·oo ~ r7 

roaity ia the evin•Sunbur t ield 1n 



Pwo itiea within the · Lodgepol L 1 b r VUJ"I appr· cl :bl 

ro iti • exist t f n.tle .p ancl ell. il dolomitl.s ·ttoa ldth1n 

thi h r hu b en htentl is lad. v r, p~lsar ·· ro•1t1 a 

r in-a. rpreei bl and aeoond&ry poroa1ti • a.r n t abundant. 

ppreoi :bl poros1 ties occur in the L 2 ••«tm nta. fh 4e-

velo . nt · ar lug .1 a. tunot1on or 1 . aohbg and dolo 1tiaat10DJ 

• •un1-dary lo 

hell Canyon yield 

thia 

Th 

ar JllOt"e 4 ·.· nant thu. p:rlJDU'y. 8• ·bunt• ol 

n oily te tarry ineol u'bl reald.ue through ut 

b en ltuo • thoae unoe~ 1t1et within the 4i on whtoh d•lbd.t 

poroua IOn . th e 2-• c a unoon~oraity .. 4 the L 1-- L 2 un

.oontonaity. · xt ntled oorr latlon ot ta a 1n conjunction with 

is oh data y indio&t worthy or inveetiga~lon. 
fr · ex nation ot th hoaboa• • otlon, Whio ha• be 11 au:b

jeot , it would. • . · that the aba4ant tractur• patt r.

ooatr1bltte iaueh 15o th poroeity 4evelo·p 4 re. Appr ei ble uueea 

ot fracturi.:cg . re note · parti ularly ia lower Jlie ioa Caa,-on rooks. 

ortb7 of ention 1 th poaalbil.lty of reet 1tru turet 'nthu 

••1 ,011 _ edtm nta of the lghor B ala .4 ad.j lnb · ar a. Oa gee 

JU.eaS.aeippian r . a b w .. xico ba.v 'b en reoopis cl by Le.udoa and 

her (19 1). h atrik1n aimilar1ty ot . :y t t~• dhibit 4 

1n the C 2 br ceia 'to featur t ot knoWB lliesiaeippian r ·t• au g .at 



their pr eeno ia th ligho~n di en. It a r uonable th t 

nvir eate eu,itable for !"eat to tloa in tb. W)"'ldq •4i•on 1 

ha existed by u · ot (l) vaa•gr abg •• dwi11 lo . r L a tl:ae, 

{2) regr sing ea.a d.urillg upper L 1 t , ( ) baatn dep a1tton clvlng 

lo r RC: S t and (4) I'Mllow •t r enT1ronettte dving JlC 2 t • 

·· ith litt . le to lnd1o•t• location t tav :re.bl enrtronmen:ta, the 

are l extont ot v porito po lt :r hav aignlttc no•• 

Sloe• (11 .7) ha »;ot 4 -.hat t-h · gina ot t etonio lly u. t.tiv 

ar a •hould 'b . ta or hl for blob. nnal owth. P rttal oh.an ot 

tae1 • i noted 'rithin the e e ... fine-grain ... . citormly 

textv•cl, oha.lky earbouat-e · iu 'he uuth v .ry 'bco olJ tic limeatottee 

1n th no.rthwe t. !hie : ight b 1nt.rpr ·t d a . ugg•sting ttr t during 

upper •o It 

depoa1t1o • 

An lya ·• o£ di on . 

n r limit ot basin 

. - rtmfli11! !UDT. 

le . t . ut nd.Dl th. cao- o .- . t:1 might 

1 in d limiting &on • urthel' .dv&n .a •• y 'b ree.l1P·4 la 4: liftg 

witl1 faei\98. eh · g•a u4 porosity ie.tione . 

!b. ooourr noe .t oily r 14u a:b Sh. 11 ~n in the Lodgepole 

L I r . d 1 Cre k t th top of the L 1 · .. :r y . ·rant 

turtheJ- inv&ati -atiea. Dt-1· oar- onaceou (?) terial in a nggy, 

ory tallille 4ol . te at th bu (!) of the . c:11son at Crook•• 07e•k 

7 likewise be a1gnit1eaat . 



Clay tr otlona not d in ineoluble re,s14uee during xudnat1oa 

app ar 4 in ignitic . t unts The c uacter e· t el ye 1 

lat ireotly both to aolo itiz tton and. to p ro ity thr ugh .olu• 

tion. An lya • of ol 7 traction tr <litter nt oaleareoue ·aedim n'ts 

tor eo.rrela.tion with lith logi f t\U' . i . b lie"¥ d WQrtby of con• 

.id r tion. 

8 ~ Gt.US.IO 

The J41 ion Oa.nycm pol to 

c nt 1 

!he e t 

ar ·. r co nil <l throughout the Bi Ortl . ae1n, wwdllb~, 

tion y 1>• Ut ·nt ted by lit · ol ·a and b7 ina· lu'bl 

r• 14ue•. X. th 1A a ion ·Can.r n •trata u• ure ••1•• and are 

oharaot ris · in r 14u a by d1t1 4 4 unmo41ti 4 h na, t a•il 

debria, n · quart a.. to ~1 · . diaente r b dded d ar 

riee by ineo ubi eont :nt ot cl :r ad 1&114 o~ 11'\e. th · iieaion 

Canyon aedtm. nt• · _ 41vla1b1 iato tlu'ee m ~•r•• n uppeno.oe~ er 

con•i tin or be4 , caloer ou eed1ment- with lnt•ro lat d •and · e.nd 

ah le 1 ntral her con isting ot to 1lit roue, . · •siTe lillle .. 

on . ud . 1 b .. eoci J lower meaber oon 1 tug of and b dd 41 

unto ili£ roue, ••n~t ~ured, c loaroous rooka which fth1'b1t lat r 1 

ch e of t oi • the todg · ol& dimenta are diTlaible 1 to two 

lb r a u upp r mt h t oon 1 tin& 1 · r ly ot bedde'd, to ilite.rou , 

~1 tic, calcar oua aed nts J · low~ ban<ll d and bedded. ber oon• 

ai. ting 1 g ly ot 4oloa1te. 



int\. rhoold.an (!) d. upp r Devn1u (f) e nt: 

gin ot ~h . o eur along th 

eli on • enta c in large part. or 4olomit th p r-

' r<l (nortbwar<l u4 . etftr4). oae ot cent . 

th p· tent1ally p ~rolit ro • The d · . ne.nt por· aity 

• - ~ 1 

ha b 

t • 1 :lnal seG.UMi 

. n ore ppr oiable. 

L!thol 1 t ur .· 

in &1 1 pl tto 

princi lly to 1 hin J the to 

e · 1 te4 it 4. p nd. nt upon th . eharaot r of 

low . ontormtti leaching •PP to have 

.ugg t that diso 1 dtment 

llt • 

• depoa.i t-e4 

1 t 1 ona and 

ol ·:tt:o eo1·ttent indio t that 41 tributlo.u ot th 1 . · and . 1441 

· 1pp1 d ont _ · con~rsll d by r -gi· ·1 uplift th 

outh · t. Local 4 . tor :ti n 4urin upper 0 g u t r · videneel by 

11thologio e ture . s.ud y 
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PAIT Il 

J> . ORIPTlVE DATA 

ADBREVIAtiO 

The bbr v1e.t1oa an4 o ontraetiona given below ha"f'l 1aeen us d 

in the d cr1ptive dat that tollowa. 

r gil lac ou or 0 

bl(·) blaolc(i h) pk(-) piDk(iah) 

bl'(•) 'brown(leh) qts quart• 

0 le oaloa.reoua rnct(ed) roUA4(e4) 

cs oongl •1 e11 (1 ) 
/ 

cr,a (ly) coar e(ly) en<l aucl:y 

4ol(s) 4olomlte(a) •• sandstone 

drk ark tro(a) tract( ) 

tn(lr) tine(ly) v ery 

cr(-) p-J.7{ieh) ... with 

f'aD. gra.nul wh white 

la( ) lS.. tcm ( ) :xl( ) cry tal(e) 

lt light xln orytttallin 

m•d d1 yl(-) yellow(ieh) 
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OWL CREEl CAIYQJJ 

lamplim.g a started 1n the /4, S&o $1, ! 43 • I, l 100 , at a 
lee tion due aouth of d-e• fi't,ed homesteader ' a ehaek in the adja-

c n't valley to th aorth. !hi locality li bout five mil a up1tr am 
trom the Anchor laneh • 

.Amaden fo - tiOA 

20' Clltt-tormine, massive nndatone. 
31' Thin•bedd ·d, ol.o.clq taadatOAel &nd dolomite• ldt.h partings 

ot · hal an4 c layatone . 

Jl1 siGn Canyon r o - tioa 

Unitt 639 to 638 oonat1tute a thin•bedd.ed aequeno ot dol•mltec which 
we ther brown to gay (number 659 r • the top ot th aequenee, n-.ber 
6S6 the b a ) • Breeoia itlternl eccur within thi • quenc • The top 
of th diton has h re bean pick d. 'by lithologic ch • trom oarbenatea 
to sandstone. !hi wa.a don al o ail the ether locali tiea. loweTer, 
thia eequ nee i.a not a parat 4 fr - th .Atuden by uy indication ot 
erosion or unconformity. Arglllac oua do10Jdtea characterise t-he 
uppermo 'b beds, while Ul'leontormity zones rJ.ta:y b erldtru)ed by br•eoia 
interval below. 

639. 0•2.0 dolt arg. v lt #1 miero- gran, porosity non • 

638. 2 . 0• $ . S dolt ar , v lt gr to lt pk ... gr, miero•granJ brcnrn 
tleoksJ poro 1ty none. 

SIT. 3.6-lS.$ dol: lt pk• r to lt r, mioS"o•xlnJ infrequent mea 
vugs, oeoas:l.onal orse calcite xl tJ 8' cherty. breocia. 
son at ba e or unit, poro ity none. 

616. lS.S-20.3 laa to 111teroua, ·'br•gt' , lllioro- gran e.n4 or ly tra-g
ental w icro•gran matrixJ poroe1ty non • 

Uait GSi is a ms. ·1'" be4 ot limestone which weathe.ra blue-gray and 
brown. Tht top ot thi unit 11 breccia with ae :tt•red quartz graina. 
Thia breeoia appe a to correlate with outorope cf re-4-ata.ind aoil 
which are noted in the locality. fh top ot thia uni t ia belie'fed to 
m&rk an unconformity beo.aua et th , relations m. nt1one4. 

616. 20.3-12.1 lac foas111teroua, fragmental , crael y to ed• gran w 
micro-gran matrix; breooia t top ot unit w endy, graa 
dol matrixJ poroaity non • 



Units 634 to .sao inolusive oonetitute a eerie er incompetent 'bed 
which are g nerally obseured. by mantle. B dding nri a trom thin to 
very tlU.n. lo oherta re aote4. (lumber 630 rk . th• 'baee of the 
M.queu.e .) 

ess. 

630. 

32.8-40.1 

40.3-49.$ 

9.3-58 .3 

·58.3-67.1 

6?.1-16.3 

d.•l• 11 ~ br-&rt w pk ataine, eiliJ,.e1•• grant 
iat-erb dded w T lt gr, arg. mioro-gru dolJ 
1/8" ee · of tnly•gran ••·l poroai'J none. 

lsa to · ilit'e-reu • ~Ttly tr:a. ntal, br-gr, 
or• . to h. traplftta and JU.o:ro tosa1ls 1n 
miru•o•gran matra1 poro· ity none. 

1st t -o sUiterou . , am a aboYe but largely 
mioro-gr&nJ lt gr, m1oro-gran dol interbetldedJ 
porosity non · • 

4el a lt r a1 above J poros1 ty non•. 

dolt a.l .1lty, arc, lt gr, micro-gran, l:n
tr ·quent .. ere·e oa.lo1te ~tena J poro ity noae. 

/ Unite 560 to 572 constitute maasi ve 11Jaeaton• wh.1oh weathers browniah
gr y and blu • Ohert nodule and si11oitied tos ila weather to a dark 
br01m on the outcrop aurfaoe. th outcrop urfaoe 11 1rr gular with 
scallops an ridges form d 'bJ" clifterentia.l wea-t.he,ring. . ae:lT ehan.oter 
in int rrupte-4 by a banding oau •4 by tr eture patt. rns and weath reel 
color. ·fbe bu of thia aequ nc gr dee iato a. ·brecia and e011glem rate. 

560. 

56.1. so.s ... ss .s 

664. 101 .. &•10?.0 

565. 107.0·112.6 

1 :cherty, toaailit ·roua, trap ntal, oolitic, 
1t br•gr to gr•br, oree to m.ed 1 fragments and 
oolit e in micro-gru matr1XJ poro ity none. 

lat same a. a.bc:rve J poroei ty noae. 

lea a 
nene. 

la t same a above~ partly w clear xl11 o lotte 
matrixt poro ity non • 

la • a aa above J a. few v orae tr&g1dnta J 
porosity aone. 
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566. l.l2.5-l20.S ls; same e aboVeJ pebble to granule £rag• 
ments in a fragmental trb; porosity none. 

S67. 120.5·127.0 ltu sil.m$ s above w micro to tnly ... xl.Q cal-
e1 te .trixf porosity non • 

568 . 127 .0....1)6.0 la·-: s: ne a bov J largeq fnl7 gran w micro 
xln calc1te matrix; porosity none. 

569. 1)8.o-lSO.O b:reeeia: cherty, f~agmental and mic.t!e-xln, 

/ 

g:r-br to lt br- gr, angular ls cobbles to v 
era fragments in a micro-gran, arg dol 
matrix; infrequent cobbles or drk gr, micro
gran dol; porosity none. 

breccia: cherty, angular to subrnded pebblett 
to small cobbles of micro--gl:" . , ed lt gr dole 
· ·, d inbequent micro-gr . 1 . e in a y· fnly' 
gran, arg dol matrix; len&e ot v tn1.:r gran, 
med dl'k gr, dol ss through unit; frequent 
bemati t · paeudomorpiuJJ porosity nen • 

Unit · '72 tc 599 const1 tute a poorly defil'led sequenc of thiok d 
medium beda. · Tb contacts are very obscure 8l'ld are largely gr da
tional. Thes·e ttp.seudo-beds eatb ·r to fo11a a. g:r-.,- and brown, 
banded sequence in the upper portions~ In the lower portions bedding 
is ore defini t · d th o11tcrop is not so prominen'ily banded. L . · • 
nations occur sporadically, JlhUe the oharaeteri tic - o&th surface 
noted t other localities is present cnly on so · e of the band • 
Cherts oceur sporadically in lenses. Fossils are largely kking. 

572. 166.5-176.8 1 t g~ br, miero-granJ tiny calcite veinlets 
and occ sional large ealoite xl.SJ porosity- none~ 

513· 176.8-180.) dol: v lt gr, micro-gr. J tiny' calcite veUU.etsJ 
indi.stinc·tly outlined med lt gt-1 micro-gran, 
angular pebbles of dQl; porosity none. 

$74. 180.)-1-88.9 dol: cherty, cal.e, v lt gr to lt br-gr, micro-
to silt-size-granJ porosity none. 

57!). 188.9-196.1 dolt cherty, ealo, partq banded, br-gr, sUt-
size-xln; porosity none. 

S76.. 196.1-205 • .3 dol 1st cherty, lt yel-gr, micro-to silt-&ize-
xln dol • ealeite fl.O'Ul" trixt porosity none. 



577. 20S • .3-209.) dolt cherty, ~ b oei , lt hr gr; micro
xl.n; hematite flecks:; 4" of gular pebbl 
iz . fr ~ents · t bas in . mio~gran, calc, 

arg m.atrixJ porosity none. 

S1~· 209.,.215;) d()l: cherty, lt b!L gr., · :Ut-.siee to .• fnl;r 
xln; p$r<>sit.y none. 

S19· 215,5-219,6 dolt lt br-gr, v .fnly to ailt-si$ xln; in-
frequent, fn, calci te-llned vug ·; poro ·ity 
poor to none~ 

sao. 219.6-226.$ dol: cherty, same as above; grades into -
breooia chal.k7-looking, micro-gran, calc 
dol tr>ixJ porosity none to poor." 

581. 226.)-232.0 d-ol~ eherty, sUieie, v lt gr to lt , 
tnly xlnJ porosity non •. 

'82. 232.0....2.37.0 dola fossiliferou , pl).rtly sUioic, lt gr to 
med lt gr 1 ilt. iae.«lnJ. intlfeQ.uent med vug.s· 
lined • anhedral ealciteJ b .· tite anhedron J 
porosity non-e. 

563. 2J7. 0..2hl. 0 dol: cherty, partly siUcio, s · ove; 
porosity none. 

S84. 24l.0..2h.B • .S dolt cb rty, sl calc, partLy ailieio, as 
aboveJ poNsity poor. 

585. 248.5-*SS.a dolt cherty, sl calc, same as abov , porosity 
poor to none. 

586. 2S$.8-262 • .) dolt very cherty, cale, lt gr;. 21 med-to crsel.7 
xl.n intergran calcite flour, h Ute !leek ; 
porosity poor. 4.5• cr~xlnJ poro-sity none. 

581 * 262.)·268.3 dol: v cy cherty, partly calc, partly tossili• 
ferous1 v lt gr, micro- tc silt-.siz ~~ in• 
frequent le·a<:hed fossil ~SJ ~sity none. 

583. 266 • .)-27).8 dolt chert,-. eale, lt gr, silt-ai.z · dn; 
porosity non , .. 

589. 27)..8-27$.8 dol ls to cal-c dola arg, wh to v lt ~, micro
granJ hematite and pyrite tre&J porosity- none. 



590. 27$.8-282 .. 8 dol ls< cherty, l gr to br-ogr, fnl.y to 
ed-Xln dol w interlr· ent ~ -cite flour; 

poro i ty none. 

$91. 282.8-287.9 dol: 111e1o, lt gr, sUt-siae-xlnJ porosity 
none. 

287.~290.6 

290.6-29).6 

a bov ; porosity nona. 

dol sely- fossilitero , lt gr, mcro-
to · triJ:y xlnJ infrequent fn vug J ro i ty poor 
to no • 

dole spar ely fos .U1ferou , ame a a ov J 
po sity- poor to none~ 

59S. 29t.)-J03.7 dol: sp · ely' t~ssiliterou ,, ·Calc, 
hove; porqsity poor to non • 

as 

596. 303.7-31.3-.9 dol; lt · br- r, ero-xln; Jt! lay 
at o e) porosl ty none. 

br c.cia 

$'97 . 31l• 9-31 · • 4 · · cobbl· 
. cro-xln; 

micr-o-

$98~ )18.4-32b. 7 · gr to ed. lt gr, fn to · ed dol grains 
in ero- to silt- i; ~:r ls trix w 
occ · · ional. erse xl ot ealei teJ po:tos:i ty none. 

Loc!lePgle formation 

Uirl.t $99 te· 622 eonstitut elitf•fo ·erie or thick and edi 
b · dded strat lrhieh we tbet to d chocolate brown. Chert ia bsent • 
.Fo . sUe . re rel· tiv·ely abundant.. Orcs -b ding occurs sporadically 1n 
the upper portions and is pr valent in lower portions ot the sequence. 

599· )24.7•·))1. 7 dol ls: veey cherty.; . ly el.licie, gr to 
lt gr, · ed n . ot ls and oolit lilQ form 

in ere-gran dol tr-ixJ partly pebble to 
cobble brecci · d-gr . ~ dol m t.rixJ poro. 1 ty 
non • 

6oo. 3)1.7-).)2.9· lst fo& ·Uite~ous; ooUtic, med to crse oolites and 
infrequent ~ _· : · ent in · micro- an d micro-.xln 

trUJ pore ity non • 





616. 

6l7· 

618. 

431··1·439.6 

43,.6-445.6 
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la to dol ls: stylolite , lt br.gr to ed lt 
gr. era .ly to med gran ls w ary1ng content . ~ 
v tnly' g1'"l · . dol and calcite flour tl'ixJ 
oros.ity none. 

ls to dol 1 ·a £ossilifero , $tylolltes, trag
m ~tal, pa:ttl.y oolitic, banded, crsely to med
gr-an w oolites in .a v fnly gran dol and miero
gx~an calcit matrixJ porosity none. 

l tc d llsl s · n ·:ove; porosity none. 

dol. 1 _ to -dolt · e as above, grading to a .tnly 
to . - lt- i$.e-gr , calc dol; h ti te flecks and 
at ~- intr · ·. ent tn · s; -poro ity poor to none. 

dol• cale, foas1li.fert)ul, sparsely erinoidal; med 
g:r to d lt , .fnly• to •Ut•si1e grant infre
quent f , br-•tained YUgS·J porosity poor. 

dol. sl eru.e~ gr br to lt ·ed gr., micro-- to silt
sis ... grmt; perosity non -

621.. .460.1-465 .l. d()lJ ~g, to v lt 7 .. gr • micro- ran; por.osi ty 
none. 

Units 622 to 629 constitute · stinet massive-appearing seqttenoe. 
The uppermost bed ( 622-624) ar very thin-bedded and .slabbyJ they 
lump to tonn · ledge on top of th thick bedd --d unit ow. Locally 

the ou crop has a pitted surface caused by ditferen~ial weathering. 
Chert i absent.. .os ·Us and fr . 1ts e noted. 

622. 465.1-466 .• ·6 ls: cherty, ~ · tal, o'Ol.itie, sl andy, med- to 
fnl¥ gr ; in.fri quent gr· ins ot chert (?) or qtc; 
porosity non ., 

62.). 466.6-468.6 dol l .st to v lt gr, micro-xln dol in micro-gran, 
calci t$ trixJ porosity none. 

624. 4"'8.6-47) •. 3 dol. oale, _pale J* · · to wh1 Ut- iz ~~ 
poruity none. 

62.5. 473.8-476 .. 6 d lt calc, paL· ~ to - lt gr, sUt-sie . 
xln1 pN'tly aoeharoidal.J porosity fair to poor. 

626. 476. 6-48$.) dol.i s1 cale, tossiliterous, v lt gr, sUt-siz 
xln~ ,.,. artly saecharoida.lJ infrequent tn vugs and 
Oce · sion· cr leaehed f . sail vugs hieh are drusy 

anhedral ealeit. ; PQrosity fair to poor. 



627. 485 • .3-493· 6 calc, fossiliferou -_, spar-e4r crl.-
noi d gr to lt :rel• · to pale ploi-gr, 
· : .c: o- ·to sil~i · - ~ni p· rtly w abundant. 

tn wg s 1llfr. . · -ent ere caLcite xl J poro.si
ty poor. 

628. 493.6-497.,6 dOl. c lo, lt b-~, micro- to s1lt-sise-xlnJ 
pa;rtJ.y . --· bl-ack neck surrounded by haloe:s o:t 

• n;; porosity poor 

629. h97.6-$09.7 del o c, fos ilit$rove,- 1~ b~r t<> lt yel• 
to pale pk - ·, micro-sln d-xln tnly 

vug-gy patehe ; porosity poor 



SampliDg . art.ed ·in the V4 of 3 c 32J 1' 7 • 6 .:, t a 
loc-.t!On · bout 50 t t th of point UOO teet eet of th 
quarter corner of $&et1on 29 and )2. !hi J.oc.ation 1 : about 
nu miles .outh r>! r · mopolis. 

good outcrop ot the lower · d diment .·. ia found 
at thi .· locality. ftdn bed of · stone and ~e 
ha b en nicked to th · -de . dison eQntaot .• 
fhe· li:nrer A:-· . en enA8 m tl eo r-ed saddl between 
the r"esisc\. . ·t \fad! · on belQW and the uppermost, dolomi~ 

· tic Anlsdea~ the upperm.o· rt beds of the adi. on re thl.n
.and edi bedded. hom h ·· idual cherts and · ~ 
thicknesses of thi upper bed ed onion, e erosion 
uncon.f · ·. ty or . ppreeiabl exten . i . belie. d to 
~ t ·op of the adi on at this lGe : it.y. 

Une~~o. ~~Videneed by re . idual cherte d - ... -- ... 'l- thickne: sea 
ot uppermost · ·.son beds. 

·1 · sio~ C!!!lo:r;t _ o~ti~n 

t1nit 466 to h70 constitut t and becid · ser1 of 
limestone• dolond te-s 1ch · he~ gr . d brown. 6 
ttodulea and l ns e · PJ'e· ent. ContacCt b tween uppermost unit 
ar-e sharp. 

lsJ c ~ty, 1 t b , micro-gran and nelosing 
fn to · . ~· indistinct~ outlined chen grainsJ 
,por0sity none. 

dol.t cherty.~ o c, wh, v fnl7 4nJ porosity poor 
to non-e. · 

' cherty 1 fo. silitero , fr gmental, br-gr, 
med..- to cr· ely gran clear ealci t ·trtxJ 
por · ity no • 

dol: e ,e, 1 t gl' to ed t gr, tru.y to silt--
siz ·gran. partJ.y . _ ,ocha.roidalJ porosity poor. 



Umta 470 to 484 constitute a massive .sequence of 1ime$tones 
which · weather to a blue-gr . · color. Obert nodule wtlthe-r c>ut 
brownJ a:posed fossils · ar• ailieif ied and weather b.rown al$Ch 
Scattered, discontinur.rd&, depositional breaks interrupt the 
massive character ot the -sequence. fhe oUtcrop surtace is 
charaeteriaed locally by small valleys and ridges resulting ft'Om 
di.f.te:rential weultbering ~ At its base this sequence grades into 
a breec1a. 

411-

472· 

47). 

47h. 

478. 

.35.2-.u~a 

41-2-49.2 

49.2•53., 

S.l.2~5S·9 

68.4-7)-.9 

6).4-89.8 

lst · ellel"ty, fossiliferous, lt br-gr, mieJ'O
xln) pattl:r fragmental • rn. to er.e fragments 
ill .a clear xln calcite matrix; porosity non-e. 

1al c~rt;y, s-.me aa ab:o-ve; pa:reeity nomh 

lst e~, ·rossUiferou. ·, hagmen~a, lt br-gr, 
tnl.T to v fnl;r gran w micl'<>-xln m.atriXJ poro~d.ty 
non ...• 

l.:u ehe~, same ao above) poreai t:r non<t. 

lst cherty, same a : : oveJ :PGrof!ity noneJ 
va:rie to a lt br-g, miero-gran, ealc dol; 
porosity non-e .• 

l.ea cherty, fossiliferous, .fragmental, same as 
above; poro ·· , ity none. 

dol ls and cale dol-; che:rt,y ;· :f'os,siliferoua., v 
lt gl', tnly to med•gran ls trlgments ... ndcro
xln, dol matriXJ va,ries to a silt•siz~ .• 
fossiliferous, del; porosity none to po0cr. 

dol ls and calc dol: eherty, same as above; 
pc~sity none~ 

dol ls and ode dol: cherty, same as aboveJ 
~eity poor ·t~ nooe. 

dol ls and dOl~ partlY' same as above, p.-tl.7 a 
micro-.gran, med lt gr d.Q]. . · infrequent crae 
nests of ealoite; poreeity none. 

1st congl.-ne:ratie, 'lt yel ... gr te br• gr, micro
gran w i .nfreqnent nests of caleiWi partly com
pos.ed of grs~ule.$ to pebbles of'. lee in a. matrix 
of fl1 to Md, angular ss and tragmen:hal lss; 
porosity poor. 



481--483. 
&2 .8-111.8 breoe1• · cherty, gular t.o aubrn e4 oo bl 

to granul s ot l't gr, arg Clols · 4 '9' intre
ClUent granular 1•• in u ·rg, andy, oalo 

,:tr1xa euhedral pyrite, calcite inlets in 
cObble• and 1n tris) fr ta ot gr en h 
1a :trix J poro 1 ty llG ·· • 

Unit 484 to 492 constitute a aequeno •f tld.a·~cl · 4 atra.t · Whioh 
th r gr·ay. Thea are nerally oover cl by talua and tle$ 

maki!lg outcrops poor. Cont•ota a.re sharp to 1n4etinite. ·Chert a 
ar pr • nt in • . trio lly shaped, r&7••atherin phero14•· 
rose tls are be nt. 

484. 111.8-124.0 dolt pertly 'breoci , lt gr, arg, m.1oro-gran w 
ao&'t et- cu"8e xl of pk oa.lelt 1 'ba 1 portion 

'br$CC ot endy, arg dole in d-sln, partly 
arg, dol trix eaclo 1u rra at a ot ehJ 
po-rosity poor. 

465. 124.0-.126.6 4olt e4 gr to m d 4rt gr, mi. !"O•gran1 intre(luent 
era , o loite-lined vug · 1 por• 1ty poor. 

486. 1.26.6-l$1.2 4o1: ed gr to· med lt gr, mic:ro-u n• · einle·t 
of o lcit J poro ity none. 

4$7. 131.2·116.7 d.ols eh rty, al calc, lt g toY lt gr, miere
gr&nt porotity none. 

486. 136.?-139.? dol• cherty, aame aa above w oce eion&l angular 
gruul•- ot drk gr to T lt gr, ioro-gr 4el 

<l4e4, poroeity none. 

489. 139.?•144.0 clol& oherty, • ._ ae e.bov. J poreelty noa • 

490. 144.0-149 .o dol• c.htrty. e4 gr, cro•vaa • intr qu nt ere• 
TUg. J partly br Goi.at d W lt r,r, miCPO•Uan dol 
f'illiag traotUPee a&cl en•• ka J coaglcmt.Uatic at 
'ba.lle J poro· . ity none. 

491. 149.0..155.$ dol r ch t-ty, lt gr to ed lt gr, ioro-gru, in· 
frequent tn vu 1 h._tite troat p rHity non • 

tlnita 492 to Sll co.anitut a cherty 1 queno ot be4 which wea'th r 
tan and gr&J. Cl\ert 11 pr tent in noclu.l • ud len· · •. The outcrop 
surfaee 11 e.moothly granular nd leo lly tinely lamb t .ct. Beda nry 
in tbickneaa tr , · thin to udi . , 'but looally they outcrop a ••· 
iv a-equenoe. Fos•ila are absent. 



492. 158.$-162.6 dol: cherty, par'bly liaa4ed, 
to Y tnl lnJ 1'rl.trequ•n' cr n • aad n a'ta 
ot h• _ itet upper portion b.r oci.& w cal• 
oite 1111ng tract urea J poroe1 · y pooJ- to nomh 

9S.. 162.5-164.5 4el• cherty, o agl ratio, e4 lt gttj an ular 
p ·bbl 1 to eule· of · 1e..-o-~1B ol in wh, 
o lc, m•ro-•la dol titld orae1r·•1D <Jalelte 

trisJ poroait7 poor. 

4-9 • 16 .5-169.i. dola ourty. me<l lt gr, mioro•ttl ' po:roalty poor 

4 5. 16 . &-178.8 

496. 111.8-17 .'T 

497. 1'78.1~181.1 

488 . 181.1-186.? 

.. 

4 9. 18 . 7-18 .1 

500. 1&&.1·1 s.1 

SOl. 1 3.1-201.1 

502. aot.t-aos.t 

to nOJJ.e·. 

dolt partly oalo, partly bucbul, a a llo"'1 • 
1ntr q nt tn vu sr poro ity n · • o poor. 

1 porosity no~ • 

dol J 1 · lt gr, iatermixecl iero.-.xla dol and 
calci J pt>ro 1 ty 11! •. 

4ol, lat chert)', a 
P or • 

ol, 1 1 e .rtf, 

a abov 1 cwo ity none to 

.bove. 

cl ls obetty, v 1t gr, mioro-slnt por.. · tty poo~ 'to 
non. 

ol a ealc, partll' b .. 4e ,. eh rty. lt gr to v lt 
r, mietto-xlnt p ro 1-ty pooT to aone. 

clola e lo., ohenr, lt ,; , miero-xa, intr•t~u nt 
vug w a.l liain ·a . nd oa.lcite al•J pero tty 
poor. 

605. 206.9•218.1 4 lt oa.lo. putl7 ban _d, chert,-, lt br-gr to 4 
lt gr, aier •xlnJ poJ"et1ty poor. 

so • 21 .1-218.5 4ol• oale, ry oherty, e hov J partly con-
1 r tie an ular pebbl a an4 gr nule of oh rt, 

qt&, and dol in a xlu. e lo1t• and arg, o lo tr111J 
poro- ity none to poor. 

505-. 218.6-221 . 1 4olf cherty, med gr, miero-xlnJ eoc aional er • 
vuge partly lined w br-a'\ained, anhedral ctlo ite J 
poro i ty none. 
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506. 22l.S-226.0 dolt cherty, a aa :bov J porosity non • 

501. !28.0.231.8 . dol~ c o. e4 gt", micro- t tnly r n1 ntocl
rat tn u~~" J por-o tty poor te tair ~ 

508. 231. -2 5 • .' 4ola 1 o le, me gr to ed lt g, v tnly to 
· ilt- is -%ln; ode t.-e · vug w bf" ·natntcl 
o .lo 1in111ga; poroeity poor to t 1r. 

509. 2 5.8 .. 244. ol• o · rty, bov . in quent tn w J 
poro 1 y poer to t. tr·. 

4ols oh rty, oalo, s 
to non .. ·• 

511. 250.S-251. "' elt oherty, &par ly fo eiltterou., 
mi ro-o to ailt.- ·iae-xln: partly w b tn 
roun vu e J por ity f it. 

512. 253.0...21 .7 4o1t cherty, lc,. conglomeratle 1 -d lt gr to 
lt , iero•xln, u'b-rounded. dol tr. pent · in 
1t r, m1.ero-xln dol ancl xln calcite tr1XJ 
poro i ty none to poo:r. 

51~. 2 fit 7•260. 7 dol: eh rty, med ark gr, oro-xlnt oder. ;t· · v 
cr • vug• lin•d w anhedr 1 o leit J porosity none. 

514. 2 o. '1-262 .t dol, c _ lo to 4ol 1· ·: med lt gr, icro-grm.J in-
tr quent cree vug 1 poro i ty non • 

51&. 262.t-2e , .s dol, b.r$ceiat eherty, e4 lt and lt g, 
angular' gr ' ul . 'to p bble 1& fr grMntl or 
mioro-xln dol in orfely-~ln o loite a.nct lt yel• 
gr dol :tr1XJ •ott, porou1 eh rtJ poro tty none 
te poor. 

616--521. 
26 .5-·288. dol, br oc1a.a o.herty, b:reocia.ted., aam , a above, 

por aity none . 
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52·2. 288. -29 .9 dol: ch rty; breco1a.t 4* lt gr to me4 lt gr, 
miero-xi.n.; inter-tr pent oa.le1te; infrequent oree 
vug ; poro ·ity :none. 

523. 293.9-299.1 dol: e lo, partly brecoiat 4, d gr, micro-gran, 
poroeity none. 

524. 299.1-S0$.2. dolt oherty, tfl G· le. partly bre<)oi ted, lt br-gr, 
micro ... to ailt .... size•xlaJ 1nfr que-tit "~* · urroad
ed by tnly.xln, dolomitieed h loe.SJ porosity poor 
to uone. 

Unit 525 to 55'1 oonatitu't a riea ot me4ilml and thick be<b (predoal 
na.l'ltly) h1eh ath r to black and sha4es ot gray. Oherte . ro abe nt. 
Lo..oally, thin•b ddod porti.one slump to o ua · ledge:a and olif.f • .Poorly 
di&e rnible eoler bandinge ~e pr ent in tb low.r port1on • 

52~. IOS.2-·so5.T 4ol t oe.le , lt b~-gr, ailt-aiae t v fal7 ala. and 
mioro-xlnJ 16 or ndy dol el.Uua-d.ral e.nd auhh.e4ral 
qt.a grains J porosity poor. 

626 . 305.1 .. 308.2 d.ol: med gr, a11"t-size to tnly xlaJ inhttqu nt 
med nga J porot.tlty noae. 

52'1. 308.2-Sll.S dolt calc, lt gr , tnly to ailt-•11e gru 
inter anular calcite tlourt partly a micro-gran, 
med gr dolJ poroaity poor to non· • 

528. Sll.J•$17 .8 del a conglomeratic .t top 'fl interfra · · nt o&loit , 
lt br-gr • wh mottling , mi.ero-gr n del 1 n · ·roua 
tn to cra-e .tre.gaent ot r.on d ~hertJ qts a,ra.inej 
intr•quent, drk red dol · tic inolueione w in41 -
tinot outlin• J a tite at ine in fractures J 
poro ity neue . 

529. $17.8-Slt.S dole drk gr. taly xlnJ poroeity none. 

sao. $19.1-325.3 doll partly b ded, v lt gr, partly pk-g~, m1oro
xlnJ infr qu nt or • vugs dru•y oalciteJ porosity 
llOn to po&:r. 

5$1 . 325.3-131.6 d,ola partly frapental, wh to p:t•g to lt br-gr, 
_ilt-si&• to micro•xlnt partly • 1ndiatlnetly out
lined, med to erse tr gm.enta of v tnly xln dol w 
a calcit-e tr:utt porosity poor. 
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532. $11.6•$34.8 dolt pa.r'tly calc, pk•gr to lt y-el- gr, micro
to ailt-•iae•xlnJ 1nfreque·nt orae TU s w dole
mitis <1 hal<re J porosity poor. 

53!. 134.8-339.$ dolt m 4 lt gr to lt br-gr, micro• to v tnly 
xla, partly d to tnly xln; poroeity poor to 
none. 

534. 339 . 1-142.3 dolt toa ilit roua, pk•gr to lt b.r-gr, v tnly 
~o aloro-xlnJ partly w bundant tn V'UgiJ porosity 
tatr. 

51.5 . 142.3•346. 8 .dolt partly calc, lt yel-gr to lt br- gr, micro• 
to tnly xla J poro•ity poor to none. 

536 . 145.8-350.0 do:&.a te sil'it roue. al eale, pk-g to lt br•gr, 
• tnly to tnly xln J infrequent tn vue• J 
poroa1 ty poor. 

517. $50. 0-35 .1 4ola aame aa abevet poroeity poor. 

518. 364.1-358.8 . dolt a aa a'bOYeJ porosity poor. 

519 . sse .a ... soo.s ctola banded, lt 7"1- gr to m.ed lt gr , •·tnly 
xhJ intreClueut h "f"Ug&J porosity none . 

540• $80. 5-162.1 dolt ug, 1~ gr to v l't gr, icro-granJ poro•ity 
none. 

641. S62.?-389 . 4 dolt toasi11teroua , me4 lt gr, T tnly to tnly 
xlDJ 1nfretueat blu - gray. indietinotly outlined., 
calc inclu ions J porosity poor to n.Qn • 

542. 369.4-ST .4 dola • a &bov J porosity none to poor . 

54S. 374. ~379.? dolt oa.lc , partly eongl ratio w •11-rnded 
gta.nu1 • an , p bblea ot m.ed drk It' , micro- gran 
dol in a lt gr. lldcro• to silt- a.iae-xln dol 
matrixJ be . tit etainfJ poroelty aone. 

544. S?9. ?• $85. 6 dol• conglomeratic , r:o.d.e4 e.nd &n6ular granulee nd 
pebbl ·a, aame as abn•J ca.loit la fra.otureiJ 

ah, ltt tiaaile , gre n w qts eluater•J poro ity non • 
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545. 385.6-$89.2 do.lc to ilifero-u , o lc, lt gr to med lt gr, 
mer.. to • rn_ ly . xln J partlf ode .. rate ly ora ly 
vugg (leached fo . s11 c st• > 1 poro · 1'\y poor 
but quite . iable . 

5 6. 38 .2-391.2 dolt to• ilif roua, c lc., aame aa above, in
tr nt ·vu •• porosity a &bOV' • 

54?. 891.2·395 .1 ft)e ilit rous. c lo, tllly xln w lfdaro-.. 
od•ra.te • r-a to tn vuge J poro 1 ty 

• 

548. 196.7-401.1 dolt h rty, to siliteroua. c lo., • 
w or-yel ttain 4 tra-oture t tr . u-ea-t 
e -eta 1 poroa1 tr aa &bOV1 • 

549. 401.1-407.6 dola toaa111terou • o lo, ..,. ta to ro•xln, 
p&rtlJ' w ooea. ional c.r• t ·o fn vuga J trequent. 
crinoid o ateJ. por aity a.'bov•· 

550. 40T. -414.1 dol: toaailit rou , calc, 
a• 'boY • 

a.a ab J porosity 

151. 414.1-419.1 

662. 419.1-423.8 

su. 423.1-4$0.8 

55 . 450.8• 36.8 

665 . 436.8- 1.5 

dol a toa 1lif' roua, oalc, e bOft. • or-y•l 
calcite lining in vu a; pore lty ae above. 

cl l J to-aeilit roue, c· lc, a 
bo - • 

4ole to illt ·reus, e lo 1 a 
a. abov • 

4olc t.ose111f' roue. o lc, 
poor. 

a abov • por ity 

a abov-e J ·poroa ity 

e a above, poro 1ty 

dolt partly to 111t roua, lt br-gr to lt ,r, tnly 
to T tnly :ala, partly • od rat tn 4 ·· d wg11 
porosity poor to non • 

5 6. 441.6-446.2 dol: • e abo ; p roaity poor t aoae. 

Unite 667 a.n4 158 form a tr-aultion .on b•twe n •coo4" dteon &1'.l4 "good'* 
Bighorn. !h upp r contact ot unit 55'7 1a somewhat adatiOUJ 1 wbil the 
lo r contact ot S-58 i an irregular • 1417 undulating urtaoe. thi1 
interval, which marks th la4isOD-B1porn uaeonfon:tity, y be D onlu. 
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667. 446.2-,61. S 4olt e lo, 1t gr, 4• to o.ra ly xlnJ 
pa t green, ·WU1' hJ h :tite e.nh drone 

and ll'bh.edro».eJ poro ity poor to tau. 

68. 461. -461.4 dol' o le, andy•· a a a • •b·o , gra.diag 

·ipon Dol · te 

669. 453.4--

inifo .eraely to . • pu'tlJ tr1ab1: • 
of ep r-1ca1, ubnuled to nute qtt &~" 1n J 
poro 1ty poor ·o ta1r. 

d 1• v 1 c lo, lt w o4 ra re etai , 
tnly xla w patch • tnly t · ~~o·xln; . oaaioual 
or e vug• 1 1n.fr quent rin 14 etioa oaata J 
por ity poor to t ir. 



S e·t1·on. e ur 4 in eo · ~ 4? I , 87 " a.plin .tane4 juet 
north o.f th Doyl . r a1doenc 1 ce.ted about two lle d.t~llrustr• tr -
the State 1 h Batch ry. · · 'tttV. y; d thiokn. a •• v ri 4 from 476 t et 
to 525 te t. 

30·' -50' ... 'a-b. d4e4 eanuton t subround d to angul ' t di -
granular, qtaiJLrtiJ loe lly ttain d red .froa ·OTel"lyiq 
1 nt • 

01 -10' thia .. 'b -44ed. r d, •il't7 h 1 J oharaot ri ti f ba _ 1 
.d•a in u.eu y ar a but &bt nt at thil looa.ll 'Y. 

Vncontonn11;y• ... Au un4ul :t1 . cart ee or ftryiag · pl.l tud J lill tone 
congl _ ra • n4 eand-e nt . br oet a c OnJ 
ohann ling ae,icm to 10 f et clepth. 

Jlissicm Caazon to · tion 

Unitl 1-10· eon• itat a led ... r, rmia &tl"i • ot thin 1;o '({1 · •b 44 ·4 
trat Which •• th .r tr butt tot 11 ad. ar loe 11y r .d•l'te.ined.. 

Cont ct b · en unit · harp and. partly . k d. by hal breaka. 

1. 0• • 

2. 

s. 

12.5-19.8 

s. 18.8-21.9 

dolt oalc , al .. andy., yel• r, v tnly n w 
ooo 1 1 crse oaloite xl•J minor h n •• 
po-rosity ~. 

dol.: ch rty, ep · s ly ot'i oieal, lt yel-gr, v 
t ly t fnly gl'&nJ se, era , br•tta.ined vug• 
dr~ay w o·ale1t · and qtaJ poroe1ty poor to tair • 

. ol• partly · ndy, spe.r-• · ly orin-o14&1 1 l't r, • 
ft).ly t.o or · -u. J derat 4 and er • vuga 

u 4 browa by h titeJ p tly br eoi t a, 
poroait7 norut to poor. 

dol• partl7 J-g, lt , ly .o mier •gl"&aJ 
1ntrequ :t orse claeit s.1s and -veinlet•J partly 
br-eooia • p le g,re- n, ealc ma.trbJ p ro .1tr noa 
t-o poor. 

dole partly andy aa4 ~ , y l• · te , ~o-
gra.n.J 1Sl.frequen't v crse nga dru y • qta J f' eea:m 
ot 'V tn, o.gula.r tt• • a I ot leneing, yel•gr ea 
ahJ po~ $1ty aobe to poor. 
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dolt partly' ~; pk · .r to tan, micro- to .fnly 
gran; in.trequent med V'UgSJ hal.oe4 hematit 
anbedronsJ po-rosity poor to none. 

dol: partly arg and sney, to tan, rdcro-
gJtanJ infrequent v crs · · wg w calcit J porosity 
poor .. 

dolt calc, , cherty, yel-gr, micro-gran; tnly 
X1a haloes surround. crs•, br-stained,. drusy qta 
TUgSJ partlq pebbl breccia w v cree eal.c1t · 
ne .t in o ale matrix; poroei ty poor~ 

dol.a cale, yel-g:r, ndoro- to fnly granJ fnly 
x1.n haloe .. su.rrcnmd cxierate .f'n to crse vugs 
partly drusy w qt tmd ealcit J porosity poor to 
r-.tr. 

dol: ed gr, pal" ly br-fl -ek ,, miero-granJ 
porosity non • 

Units ll-.31 constitut laterally varying sequenc which at,hers 
blue-grq to tan. Uppermost portions ar t.bie~ to thinly bedded. 
Ba ·aJ. sectiqns grade fro m.assi ve rocks to rock bieh a;re vaguely 
stratified with disc,ordant attitudes. 1'his sequene grad-e$ into a 
eongl erat~reeeia. 

u. $8 .. 9-62.4 

lJ. 62. 4-70.9 

14. 70. 9-7).2 

16. 75.2--78.7 

dol: cherty, calc, ed gr to lt yel.- gr, mie~ 
gran! van to yel•gr, f'nly to med-xln dol • 
moder te mad d:ruay qt·s vug J porosity fair to 
poor. 

dol: · e above. 

dol: s a above. 

dol·t calc, ch ~, d.rit to lt ·, partly b~statned, 
miero-gran w mooer t · crse and mecJ. vugsJ partly 
breeci · v cr e calcite xle in e· c trixJ 
porosity poor. 

dolt cherty, d lt gr to yel-or; micro-gran; 
locally fractured. w inter£raetur qt xle; 
porosity poor to none. 

dolt calc, lt pk-gr to lt yel-gr w br hematit. 
fl. ecks 1 micro--gran w · crse calcite xl.S·J occ-asional 
vugs drusy . calcite; porosity poor to none. 
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Sample 17 marks the top ot a distinct mass! ve sequenee which 
forms an irregularly n>Ullded outcNlh In up~mos'i portions or 
the quenc depositional. horizons weather out locally- to pro
duce a bedded effect~ 

17. 78. 7-.86.9 ls• partly anq and siliceouS:, oherty, atylo
li tea, 1 t br-gr to med 1 t gr, micro-.gran to 
sublithograp.bic • occasional cr.se ealeite xlSJ 
partly fnly to v · .creely .fragmental and oolitic 
lf micro-xln m.a.trixJ porosity none. 

18. 86.9-96.2 dolt v calc, cherty, lt med gr to lt yel-gr, 
partJT br-gr, v tnly to. .t'nly xl.n, scattered fn 
vugs J PQrosi ty poo-r . 
lst 1 1 J fo-ssiliferQus, lt br--gr1 .fnly xln; 
porosity none. 

19. 96.2-lOl.O dolt 1.8•; calc, lt yel ... gr, v .t'nly xln w 
occasional fn, partly eal-ci ted vug.s J porosity 
poor. 
ls: fossiliferous, partq crinoidal., cherty, 
med lt gr, fnly to med-xlnJ po-rosity poor to 
none. 

20. l0l.O..lo6 • .S dol:- a• i oa1.c, cherty, lt yel-gr, partly' b.r--
tlecked, fnly xln w crse ealeit xle; ooe eion$l 
f'n vugs; por~si ty fair . 
ls: cherty, ftJssiliferous, lt gr to lt yel• grJ 
v tn to- erse, irregularlv-mded fragments in • 
micro-xln matrlxJ porosity poor to none. 

21. 106.5-UO.B le: rosslliferou (partly silicified), cherty, 
med 1 t gr, fnly xlnJ partly w med to erse, 
irregularly-rnded fragment s 1n a miero ... xln, 
calcite matrixJ porosity none. 

22. uo.a-ua.o lst $am.e as above .. 

2.3· llB.0-123.4 lst same s above. 

24. 123.4-13.3.6 ls: same as above 

25-Jl-these samples are listed collecti~ly since they were taken 
la'terall.y. 

133.6-144.1 ls: same as above; basal portions a cg consisting 
of cobbles c£ fragmental ls in a fragmental matrilt; 
locally eavernou .• 
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Units 32-)6 constitute a persistent breecia sequence ct varying 
thickness which we tbe,:rs out to form eaves with o-y, rhaaging cl.ifts. 
Uppermost units are characterised by occasional cobble to all 
boulder erratic& embedded in ma s.i ve rock. Downward this grades 
from a cobble to a granule breccia with laterally vanishing, nde 
lines or str titieation. the bas: . ot this sequence is .an irregulu-, 
undulating surf oe. 

35. 169.8-179.0 

.)6. l79.o-l84-5 

31. 184.)-190.) 

dol l . t .fossil.U'erous, med lt gr to v lt gr:~ 
.fnly and med-xln; poorly outUned granules 
of pel reenish-gr material embedded; 
se· ttered med vugs drt.tsy w calcite; lateral.ly 
contain$ oobblee ot br-gr fragmental 18, br-gr 
fnly gran ls, gr fnq xln dol, and ebert; 
porosity poor, 

lst cherty, mad drk gr, micro- to .!nly xln; 
varies laterally to poorly sor'ted b:rece1a 

fragment• o£ ;rel·or silt-si.e to v fnly gran 
dol, med gr fnly to micro-.xln ls, lt br-gr 
miero-xln ls, fragmental dol ls1 and chert in 
a lt yel'"'!er to lt yel-gr, calo, · erg dol matrix; 
porosity poor to none. 

breeciat subrnded to angular, eebble to granlile 
fragment or dol, ls, dol ls, cherts, and 
brecei· _ in micro-gran, arg, partly hematitic 
dol matrix; fragments partly outlined w hema
titic stainsJ porosity none. 

brecciaa same as above • 

breeei 1 rnded to angular pebbles and granules 
o£ lt br-gr, mie~xln to sublithographic ls-s 
and :med gr, miero-xln dol$ in a gr, calc, arg 
dol m$trill w hemAtite stre:amers; porosity none. 

dol~ arg,. med lt gr· to pk-f'l~cked gr to yel ... gr, 
micro-gran w tinY' calcite veinlets and dendritic 
hematite seams; porosity none. 

Unita 38-54 constitute a distinct olUt-£orming series) thickly bedded 
near · top and :Pseudo-bedded d·O'tlnro.rd by laminations on 1reathered sur
face; fresh surfaces massiVeJ sc1u.tion breccia. at bas~ of sequence. 
On we . 'bhered eurtaee color varies from light' brom in silicified por
tions to medium grq in unsilici.fied portion ·• Chert lenee · and beds 
re less conspicuous than in the ab eve sequence .. 



39~ 19).)-199.) 

42-4)-
218.5-251.9 

46. 2$1.9·254.8 

so. 272.8-279.8 

5l. 279~~8-284.8 

dol'* ~ arg, med gr to med lt gr, v tnly 
tG ml.e~xln w oeeasional ene ealeite xle; 
infl"equent .fD vug-s; poro,s.i ty none· to poor. 

b:r~c.e:i$1 pebbly, angul- tn~ts ot fnly 
to v tnl;r xln, med gr <iOlJ zne:ht"iX of lt gr. 
yel, micro-gran dol and crsely xln cal.citeJ. 
poroei ty poor .• 

dolt. partly silici.c1 cherty, 1tted gr to lt 
yel•gr, v fnly to micro-granJ calcite vein-
leta; porosity none. · 

dol:t silicic, sl eharty, pk-gr to. lt gr, v 
tnly Xln Y scattered med vugs drusy w qtz; 
porosity poor. 

doli ~calc, lt yel.-gr, v tnly to tnly Xln} 
porosity po-or ( ?) • 

dol: silicic, yel- ·gr, v fnly to fnly xl.nj 
porosity poor to no.ne. 

dolt Partli sllicicJ partly calc, yel--gr to 
l~ gr, v tnly xln) porosity none to poor·. 

d.ol :.· same as abave w druay q~z in scattered 
or-se vug ·J porosity poor. 

dolt ssne as above. 

dolt same · as above; ehertsJ basal contact 
irregular; poroei ty poor. 

doll .solution-worked breceiaJ cebbl.e to .Pebble 
fragments -o£ partly silicic, cherty, eal.e, yel
gr to l t .gr·, v fril;' to· fnly xln dol in matrix 
or sam.e material; porosity ne>ne. 

dole sol-ution-worked breccia;, same as above; 
basal contact ot 54 irregular. 
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Lodftepgle fonnatioll 

Units 55-65 constitute cl.i.ff'.,.f,;,rming sequen<).e ot thick to thin 
beds, ich ·weather light grlq' to dark brownish grq distinct from 
too bove sequence. L&wel"l!ost pert ions ot this seq:u.ttnce ther 
to form a talused slope. Bedding planes are alutractnrbed b)r 
calcareous, shaly paTtings. ·Che~ is conspicuous by- ita absen¢e 
on the outerop. Cross bedding is sporadieal}T present. 

56. .318.6-322.4 

57. ,322. 4-326.3 

56 . )26.)-.))) .6 

59. 3)3.6.347.9 

60. .3.47~9-349.0 

61. 349.0..).$$.8 

dol: partly ool· ti .... and calc, lt gr· w bl 
neclte; fnly xln:j sc ttered !a d vugs drusy " 
qta; partly- yel- gr, miero-Xln; porosity r: ir.-

dol: same as abov , poroaity fair to medt 

dolt s e as above, porosity fair. 

dol: s e as a ~ - e, silicic and w ~ qt• 
in oco sional crse YUgSJ porosity f'air ... 

doll s · 'S above - fewer oolites; ee ttered 
erse calcite xl·· ; poro ... ity .fair • 

dolt calc, partly silicic, lt br-gr te med gr, 
miel'O-gran to .tnly xln1 poroeity poor to none. 

do'lt ealc, partly silicic, yel.-gr to sl ploo-gr, 
fnl.y to med-gran; modera.te. med vugs drusy 
calcite and qt~; ()...,3#: bed of calcite at base; 
porosity poor. 

dolt c lc1 ·partly silioie, lt gr, v .fnly gran; 
minor fn vug _ "_. qtz; part~ yel-gr, fnly 
xln, abundant t n -s; porosity f ir. 

dol: calo, lt gr to lt yel .... gr, v .fnly to fnl.y 
gran w oec .sional crse calcite xls; porosity
poor. 

dol:. calc, lt mad g;t1 v !nl7 to fnly xlnJ 
oec · sional fn vugs dntsy w qtc; part!¥ 1t. 
yel-gr, f ily to med-gran laJ porosity poor to 
none. 

dolt s1 cale, ~"l~d ark gr to med 1 t gr, v fnly
gran.J ocea.sion.t fn vug drusy w qtriJ small ne_sta 
ol crse:ly xln calcite; porosity poor . 



n. l96.o-.;98.l 

72 . J98 •. 1.-406. 7 

74. 411. 7-Ul4. 7 

15· 414. 7-hl7 .1 

dolt sl fossiliterou , al cale, gr-bl to 
med gr, v fnly xl.n w a tew crse calcite xle; 
minor bl'-stal. ned tn vug · J porosi cy. none .• 

dol a partly ca.le~ m d 1 t gr to l t pk-gr 1 

fllly gran; occasional vuge; porosity poor. 

dolt ed lt gr to pk-gr, !nly gran . nest 
ot cr e oalci te J moder te pin poil1t vugs 1 
i)QTO i . y peG%' • 

dols al .fossiliferous (?), lt g.- and partly 
pk-.gr, i'nly to v .tnly gren; occasional ere ., 
yel-tttained vu.g ; na ts and xle of crsely xla 
caleite; deformed linea of stratitic tio.n; 
poro ity poor. 

dol; partly calc, med gr to el pk .. gr ed 7 ·1-
gr, v tllly · d. fnly granJ porosity poor. 

dol: partly sl cta1c, gr ... bl to pk.•gr, mieJ-o
gran w moder :te to · undant erse wge drtl-.sy 
w calcit.ttJ porosity poor. 

dol# toss1literout1 med gr to o~pk, . d lt 
br-gr, v £nly to ·moro-gT'all; occasional fn 
y-e.l-st&ined V\l.gSJ poronty poor .• 

dol; fossiliferous, lt b~bl to lt pk- gr, 
partl: stained dr "el--9 , v .fnly gran; eeattered 
fn, yel- stained vugs; indistL"'l~tly outlined., gr
green, calc, arg1 . granule-sized inclusi-ons J 
partly med 1 t gr, fnly to mad-gran ls; ·oro
sit oar to none. 

dol r .f'Os$iliferous, sparsely erinoiial, l i
nat.'Gd by t titia bands, lt med gr, partly br-
sta:tned_. .fnly to micro-gnw;J· infr'equent med 
vugs; p0rosi ty poor. 

dol: partly arg, part,q fGssiliferou$f sl yel
gr to ~ · -• .fnl.y' gr J cne rnded xls of cal
cit~; m.oderaw erse vugsJ med gr pebbles of 
arg dolJ po~o i ty poor to non~a. 
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dol; 1 · ted gr to :,vel ·r w color banrlines, 
Idcre-. to e::.lt-sis-e lP an) defol--med lines of 
~ t.t:t J• . "'hr-..,ura ~ ,.,.,....ea\i on; peroar~.~.r none .. 

dole p rtly g, t led gr t iQ yel-gr., mere
grant scattered clusters and ds of qtss~ 
nest of c.rsely xln ealcite; pertl.y e pebble 
size c of rnded to subrnded fragments of 
ndcro-gr , l t med gr ol in arg, ealc matriXJ 
cont ct · ir.regu.larJ. pol~otd ty poor to none. 

dol artJ.y ·. g, gr to br-gr w color band-
ings, ndcro-gran; crs calcite xls·s partly 
eobble to pebble cg of gree11, pk and · gr del in 
yel-gr tti:ttrlx scattered chert and q~z greinss 

·rosity poor. 

Units 79-91 constitute series o£ thick and medium beds which out.. 
crop as a b ed s e s-equer~e. Unit · are medi~ dded n ar 
top and base of equence, more t ekly bedd in center. This se
quence ts eharaeterl.eed by a spol"l dieally pock•m ·rked, irregular 
surface whioh thers f ro e. ~rayi$h-black through deep grayish-
br to moder,at.e brown, distinct t:r m the "'ove .sequence. 

82. l.t$6 . 8-462.8 

dol· ~ ealc, sparsely fossiliferwa, 
·an ,e , lled lt gr br and pk stains, 

v fnly nly xln; infrequent crse vug ·. ; 
t~s of qts grains; porosity PQOr. 

dol: calc, artly .fo-ssilifercus, med lt gr> 
fnly to fnly x... J drusy calcite in br-stained 

vug J porosity poor to fair. 

dol~ med gr, m.ic:t~o-xl.n, thin horizons of 
leached fossil Vi "'· d.rusy c.aleite; ~ity 
poo~ 

dol~ qr~ ely er:moidaJ., ed l t gr, v £n.ly to 
micro ·nn; so ttered fn to erse 'V'lJ:S dl"Usy w 
calcite; partly breccia w rudelY tratified, 
ort calel arg, Ill trix; porosity poor. 

dol# a e a above J basal cont ct irregular; 
po-rosity oo1~ to .f it'"• 



8$ .. 472.1-478.6 

86. 478 .6-482.6 

87. 482.6-h91.5 

88. 491-.$-497.0 

89- 497.0-505.0 

9(). s~.o-s1s.~ 

91. 515. 5-)18. 7 

92. 518 7-522.0 

dolt · l calc, artly silicic, fossiliferous, 
t or t, sl J$1- gr pk tains, nly xl.n; 

. ar·tly moderately crsely ~ fa'"om leached 
fossils; por~sity poor to fair. 

dolt ~awe as above. 

dol; same as above 

dol: s e as aoove. 

dol; a as above. 

dol J am.e as above. 

dolt arg; s . e as above-J porosity poor. 

dol.:. arg, .fossiliferous, m~d lt gr, micro
gran to fnly xln; minor o~atained tn to 
med ~~s.t trcs hematit . anhedronsJ porosity 
poor to no-ne. 

dol: arg, fossiliferous, silty, yel~or to 
yel-gr t<> lt med gr w thin he titic lamina
tions, miero- grsnJ drusy and anhedral oal.oi te 
in or--stained "VUgS-J porosity poor. 

Kil.DE!U!OOKUN"(? ) and DEVONIAN( ?) 

Un-conformity in Unit 9). 

ss to pebbly og; 0.2' J conodonts, fish re
mains, s 1 and dol pebbles and accessories 
ii1 es· o:f ed to crse, well-rnded and angular, 
partly. highly frosted, spherical, sili.c&
eemented te; the ss which overlies and 
channels into a 2 t bed. of do1 is capped by 
a l/8u layer of mi·er.o-gran, c~a.et hematite. 
doll 2•-o• 1 i'ossili.ferous,, lt gr w or-yel 
flecks and s-tains, v t~ xln; yel-o:r-.stained 
vug ·; porosity poor to none-. 

dol·&, ss:, sht 1 suey dolt large scale solution 
action and lensing in this unit. 
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dol; cherty, Eo siliter _ , 
p~tly silie ou f bri ht sulphur yel, sace -

o$ -· s - 17 sn- , cb-k red.,1 -o~granJ 
partly _- eh rtyt toi;)s1l1£·erous1. lt gr to 
red, y tnly grail. 

Sediments of unit 94 emhedy' l · solution 
c nti (u to lOt) tilled th s and sh. 

doll ·-- g, v fnly l.- ine.t -, thinly bedded, 
p · _ red to lt -r, micro-gr: ; thin, solut1on
lt'Ol"ked conglomeratic horiaoms et Wb, micro-

- -, oale del to 1 t, . • 



98. ~2. -ae.o 
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SHELL ·CANYON 

tio 
j 

• 4-

·PW ciltato . . t 11~7 
u wrr tntr q--'17• 

th r ·4 • queae 
r th.J n · h atd 

ob ' ur a ' , b·r oc . ct1on, ehe.nellng, 4 
• Outoropa . re generall;y poor. 

n.one. 
lat 

bJ", or -ala, 
:tite et inaJ 



.t. a .o-ao.o. l c ~tly «ilty an4 ~,, lt ., l-gr to r tt, 
hly to , ro-sraat poro81t poor to noae. 

1· • arc. •11"J. pk to lt re4, partly 1 
na'" • · r.o•gran. • aoatter•d In ,ta • 
rona tn4 lute,.• 1 partly. w p~~'bble ot 
gr, tr&gme:atal lt 1 por • .lty none. 

llnita 10.1-101 oo•etitu'M a. clttt~to: tequene•·-. at - o 
tbiek-be44ed t top and · , iv• at he ••··ot 1! cu .ntoh ••th•r 
olue•cra:v to orange-pay anct ar• loeally r ·-at .. ined.. G ata.cta are 

rp but un4u.la.torr. ucl ~ty vlted 'Y &hal . br · kt.. the b&a·&l 
· i v portion arie 1n thiob . • . 4 . 4ft 1n"o a b . · o ltt • 

1-01. 40 .• ()•49.6 

102. 49. ·-64.7 

.lt t· #hel"t7, · .tyo1!~ · . , lt w- to lt sr, aub
lltho a;phi . t ·. micr •al: J h · tl~• ••"ura.tiou 
tlloag tnotur · • J po-roai t.y aa • 

le • oM.rty, y l•sr, ioro-~la w oael " 1 or . 
• ·lcit xl•• h _t1~ tr SJ poro•1ty none. 

let toaailife-roua • partly p:k"""•··. ·in. d, • 
a'bov J poroelty noa • 

·boY•· 

... 

1ar to•ailiterou , rtly ooagl f.d" tic, par· •17 
e · rty, -. an4 'b~·•t, t 4 ~ , lftioro•Jtln · 
atcro• -te hl.y tr ntal 1f oro•xla :trixs 
oeoa$1ona.l orse to tn oaloit slaJ wll•rt;til .a. p 'bbl a 
ot oro-xla to a bl1tb :raph1e, lt 'br•gr 11 
b. cbl.tt, p roei\y non . to or .• 

lear- tho top ot thia ••CJ:••noe boulder t cobble err- · to of fJt tal 
l ar . neloe· 4 in miero•J%111 1• trisr thte .gr .4 • 1nto a granule 
to oe>bbl breocia ot dol* an.' laa a r . ·-gr«ll to d•uaa, partl 
" d-na11'le4 trb. Lat re.lly vaniehbg linea ot rua. • ;r t1fiea'\1·o . 
a.r pre.sent 1n l...,.P ponlona. · 

10'1-108. 
91.1·108.1 

l.a • toe illt reu. oh.eriy, lt y l•gr te) pk
tleo¥ gr to n_ fllly t . .,. . ly ala, pof'otity 
aone .• 

1 • 



... . -

109-110. 
1 .1-126. 

t top p&dbl . 4 . 4 
• p e1st at bre ia .ntoh 
. aad t · · abrupt c11tt J 

116.9·157 .o ·his • qu nc 1 pl aly ~ia1bl• o u- · 

11%. 187.0.-l 1.0 

11 .• 16?.0•171.$ 

aoc .a ibl 1 · • &t th1 ltr ceia 1· , -
lrHg,ula,. • undulating eurtaoe ot varyiu 

lit d 1 por ity t ba ~1 h g-ood 
to none. 

lli. 18'1.5- l .0 4ola • J not e111 .1e. 

117.,11 ' 
202 •. 8-224 .1 Elolt 



121. 2SG.5-240. 

128-12-4. 

.. _,_ 

4ol t ,. e lc, chalky, gr-1fh te 1 1 -1.-u, 
h.ly xlnt tr t h ·ti • J p oait po . to 
fair. 

258.1•215.2 dole b ; ilic1o. 

126. a?s.z--as2~ ' dolt eh rty, part'ly s111o1 .. 1 "'. micro
to hly lnJ porosity poor . 

126. 2 e. •2 ' .s d.ola ~ty. partlt a111otc. •para lr to• il• 

+.28. ' .1\) • . 

129 . ~l0~0-317 .0 

if rou , •d lt t · lt - l • gr, p rtl7 p • r, 
fnly xl: J po-ro ity poor to tc ir. 

olt 

re t~ at ot 
, arg , ee.l .tl"i&J 

ol 1 e · 



1 2. 

113-134. 
3$5.5- '· 

l 6. 9.8- &4. 

1ST. SS4.s-sez. 

l • 6 .1- ?l.Q 

1· • . 71. - 71 • 

140. 3?7.3-3 6.1 

141. S85 .• 1•1SS.l 

dole 

dol a 

4ola 
por 

poor • 

or 

-8 -

lt -, v tnly to .o.r . aDJ 
por tty poor. 

a.a bo••· 

""'~~ .. "'"- 1 per ity t 1r. 

ly lt r lors 

· boT> 1 p ro 1ty poor. 

1 2. 81.1-894.2 do 1 l t :t · dat'ion l lith 1o·gy ot 140 ani 
l4ls pora 1ty poor. 

' 



14 • 4ol• 4 lt 
wm1aor 4 

.r t . rat~. 

and. pale r- . l!, T tnly gru 
•, h · ;1;1te ro• J pon !;ty 

dol• gr w y l-or tle ka 4 atatna, • 
tnly xlAJ partly . lo ins cl-• r ·4ed la 
ala J po_.o 1 ty poor. 

145. 409.9-414. dol• ealo, d lt ·, oro~ ran • · r 
tn 1 poroatty • • 

146. 4o1• oalo, 1t bl'- r to 1 t gr • micr-o• to tnly 
gna J 4er•t •cl Yttgl w or-gr, c le linin a 
poroaity poor to t 1r~ 

141. 418.1-424. · dola abev J p roait7 poor te t t~. 

1 • 

1 • 

424-.5· !2."' ol 1 t tylolite-a. tled lt yel•gr and 1 
. gr, or ly ud · 4-grtm 1 tra nt t ln 
• tnly gran 4ol tris: J poro· 1 ty oor. 

482.?•442.? dolt to · 1llt' f'ou , •'tylelite , lt br• _.to 
.. d t • tnly gr•, w minor ec! vu· . 1 por •1ty 

poor t.o t 1~. 

442.?- a.o dol le1 c1 r an4 wh p•ckled, ore ly and . ,4 .... 
van, nul 4 1 . tra n't.s ' 1rli tnly x1n dol 

ru, p ro .ity poo-r to 1\0ll·· 

151. '48·0·449.2 4ol• cl clrk p w 7 l•er tlec· , oro•~tl • 
at . t ore· ly xl.n oa.l iteJ · roaity 

152. 4r49.8-4S4.0 d$1 lat to tliteroutJ ed gr an4 vth p okled, 
cr$elJ d · cl-graa m.d· 4 la r.w.. enta t ia a 

tnly · ln dol :tr1J:t porosity a. n , 

lSI. 54:.0-.469.0 4ol l 1 . bo J partly . ie~o- ran, d.r 
reddi ·h-3r de>lJ ~oa1ty none. 

154. 459 .0-46$.'1 c1ol 1• a te a111t rou ., silt)', · . 4 g to pale 
pllrpl J d· aad o • ly gran, nul d 1 tr- nt 
in a mi~ro•gra.n del :tr~J pa.rtly w h . :ti~e 
tlour o nt; poro 1 ty 

155. 468.1-461.4 dol let a :boY< , gr tor ddish-purp·1 · , 
b t1t oe rnt1 poroe1ty aone~ 
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1 let • a · abo · , nlr . ot ll-
rn4•4 a - ~1 t n4 • · 11 e bbl .frt -
aent 1 u .. ct ool1t1e, purple 11 in a ebdl.ar 

tvia:t· porosity nou .• 

ouata 

1 1. 90 1-4 .1 1• rg_, pal purpl to -purple, cro•gan J 
por-o ity · or. 

162. . • t-501. lt ,, · d lt gr to pal• r ddlth ... purple 
1 inat1 · •• part-ly pk-gr to lt gr 1 micro-
. an delJ ehum 1 aotiontJ 6 1 nat eoae• 

ot calc p bhl J a ·al oonta ·t . irr ularJ 
r atty n.e. 

po ition of wit lG ol ly follo 4 •tttr breceiatiou ha 
ocurr d, tor b d4tng 1 nation ar c · pl t -ly ooatormahle to th 

ire .&ular a-urtao ot th uppe t br coi&. 

16 • 510.&- ·1 .8 clola ar • partly br oo1 t _ • • • O"ff _ .• 

lhdt• 165-1? torm a di·atinct cliff•tond.n a•qu n wht.ch 1• ll• 
bud d. Banding 1 o ·ute4 by · iat1 o:nt 1 . 11 tho logy which · -.ther 
41ft r ntl)'·-4ol t · to a ark: rowniah gray; lbl atoa (dol t 
lime tone) t -o a blu1ah- · s+ay to medi gray. the dolomit ~tel 1 ·ea
tone b ndl though clear ant\ <li•tiact ar gradational into e&eh other. 

185. 51 .8 ... &22.0 1 ·I lt t:n·• r to lt u • mio~o-gruj partly m d-
gran w mi ro-«ln tris 1 h tit.e -anb.e4rona, 
lntr quent qt xl ; port 1 tT poor to none. 
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186. saa.o .. i2S.$ lat 8't7l 11t••• al ob ..t;y. lt cr to v lt &r I 
Y :. · an4 partly or · trapeJ~:ta u4 ·••lit ·e in 
. · mioro-xla matrixt poroa1tr -on • 

167. iiS.J-614-.6 dolt al o ·10 1 "' ~1 eherty, • ·4 p to · oMr'&~e 
br, tnly sln, ea0cbaro1u1; .aoattere« me4 
wg _· 1 ,.~ aity medi · . tet good ... 

ltt a • lt u, tr 

lSB. 514.4·638. l • atylo1it.,-' J. raed ~ to e4 ra\e bl', v fit 
tra nt and ooli;t•• 1 · .S.·oro-•ln m.at:rix, 
poroa.1 ty non • 

1 t. &38.9-648 .• $ 44lt 1•, br-gr, tnly- •la, noeMPolia.l; porea1ty 
coo4. 

1•. 9' 'lt gr, ta t.o 4 rr-. -'• aad. oolitea 
in a _. oro,...ln :~rixJ poro•1ty none·. 

1?0. Hl.t-156.8 lat 4t, · • a: ab~ , n grad. to •· eoha.ro1.4 l 
dol e.e •bo • br• t .1n d vu 1 'Uilit porosity 
poor t t 1r. 

171. 56$ .• 8•662 .. 2 1st to · ·1l.itereue, oolitlo, lt br•gr to lt 
gp, · 4•gl'·Ul gr · • to • dol la at 'baa• w 1• 
ooli\ea in tnlfJCla «ol · trbJ p·t'o i'ty 
poor t " t P• · 

178. 562. z-,661. 8 4 ·1• 2 • , parl1y cl'inotda.l. br ... gr -to d lt gr, 
v tnly to tnly xl -~ a obuO'idal J poro ity I004. 

401 la. .4~; aty'lol1te. J lt med ar '• lt t>r-v J 

tn to c1" · 1 tr ante u.4 oo11t e b. a v taly 
~l• d 1 ~rl:l• pfl-os!'ty no11e. 

1'14. &11.1-6?6.0 dols ca.lea I · - e • abov•J ibhequ -.t tn vugJ. 
W uh v•l ealcit 1 pero•ity poor to fair. 

lTS. 518.0•584.8 tlolt .s• ~ br•p to •4 lt tt, v tnly sla. 
partly acch&roidalJ poroai~f talr. 

6 l 1· • .$' • t• a111terow • lt 'hr-ar • to lt 
gr, .fn to v ora la tragraen'h ••d oo11te:e tn a 
v tnly x_ln, oa).e 4el matrix, poro•tty aoae. 
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11. 584.8- 1.8 4ol 1 i 4.6•, tr ental · a abo • 

do. • l.?•, o lc, br-gr· to lt gr, v ·- ly 
xl 1 :ter 1 e . lc te flour; porosity pool" 
to non • 

· ch roi · 1, lt 'br•gr • 
r • v tnlr xlnt m.S.nor 

17 • i ?~1·605.3 4o1r o••• poro ity p -or to tail'. 

1?9. 

180. 

181. 

182. 

18· tl 

1 4 .. 

10 .$.614.1 dol~ c lo, oe ilit roue, 1 . • T tDly sla 

614.1-618.4 

1 ··- %8.1 

6!2.1-629.4 

62 • ·61-5.1 

6!4.1-689,.? 

par 17 "ior xln w abun4 nt r-n d 
w 1 d le cb -4 tosail trapen~• ldl1ch r• 
br•a : inetl a.nd dr y • anhedral and vbhee•l 
o 1 . 1te J porosity t lr. 

ov · 11 erou Cl"iD 1 • ., J 

dolt bo · 'br.-a 4 1'Ug • poro•ity 
to poor. 

:011 abo't'eJ por ity no • to oor. 

dolt & bo e, poro 1ty non to poor. 

· abed to s11 

619.7- 4?.0 ly w or•y l 
~A~:t 4 w 1/a• 

ha per ity 

186. 64?. , -650. · do • o le, ttl lit · , lt u. p . · ly w o~·Y" 1 
.taint, c·ro-gr , pore ity non • 



18?. 650.8· -51.5 dolt .,.; sndy, J lt r, · icro-gran. 

aht · -o, 1 · k, fia 11 • eal · • 

l.ooally thi i 

18 .• 651.5- s.o 

1 9. 655.-G- 59.· 

1· ·, . 6 9. ·659.8 

1 1· 659.8- 65.1 

192-201. 
685.1-787.5 

l02·2G$. 

n.d 

o1a g1 lt gr, 
nono. 

(t) 

• or 
qts 

• 

• h .ti . 1 po o lty 

a<l•• la erally 

787.5-76:6.5 eliff•ter ng dolJ ilt7, •acly, arc, artly con• 
gl ·r tio. lJrr gulaJ* 'baMl o•t• t. 
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2 • ?56. ...110.5 lao - ~ent • pl ty ( . ) • ar · dol. 

Or4ov1c1an- 1£hon.t Pol .. 

205-.208 
1'16.5-809 0 dole elitt• · 1"111 • rtly t 1llt FOua, 

t gr. p lylt purpli .. r, · oro
t • hly slnJ partly raely vucgyJ 
p ro 1tiea non t oo;r. 



This ection mea . ured in t SE/4~ $ec 21, 27 ·, ! 6 S, 
in the Pryor ountain G ie en•, ont S pling . ·_ . t ·ed 
on the st :ide ot the canyon bou~ 1. 7 mil · belo• the OWyoming · 
C · Graund. nt a 

&.nsden f 

andstone • d s l e · o rlle the loYemost 
den s nt · • Outcrop are generall.y obsc~ed b7 a 

heavy U of $oil~ 

Uneonlo tz-an app · ·ently undul . ;t1ng sartaoe. 

356~ a~ . u 1 

nt ~ lt bro-gr; 
trix; 

d ll t 

ls · cherty, fos ·il; · rou , tylo ite. , t~ ... 
en . .J lt br-gr, i'nl7 gr _ , mic~xlll :trlxj 

p0ros1 ty none-. 

lst cbs~, "O&Sili!erou ·, .. t b~ 
dowgr ·, rnded tr.. ent end oolit . · 
. r.o it:r poor. 

stain , 
:trix; 



60. 28. -$6-.8 

6 • 11. ~W84.1 
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la: oher y, to tilit roua, tra · nt l. 1~ 
r - , c:r• ly to tnly &a w ol ar- oalcit 

u.trlal poro ity acme. 

18 l 0 rty 1 8 , '8 &bO'f'l 1 

xln t .ra J pOrosity non " 
icro• 

dol lac foaailiteroua, partly band d, ar , 
lt gr to gr .. pk, partly uky reel, m1cro•graa1 
pqro tty .none • 

. ol 18 to 1· J • &I a Oft W pk at m 4 
etylolit • grading into tra nt .1 1 ... .-y 
cra.e to tn gran w clear ealolt• tTiXt 
po:ro 1 ty none • 

lah tot•11iteroua, tra . Dtal, 1 br-gr. 
tp. to atcro•gr•nlJ por •tty none. 

ltt t lil1t roue, partly crt ei 1. t~-
men: 1~ oolitic. l br-gr, partly w p at&.t.ns, 
• o .. t . ly to h.ly gran w moro•x to mior -
gra matris J p t a tty none. 

1• • • e a. a &boTe. w lntr qu n~ otat re4• 
•t in ad vu uay calc 1 t J poroti y pow 

1 t • · a bo e. partly oro•gr J 
poro ity non • 

abo J porosity none. 

868. 90. 1-100. · br ociat cherty, tr tured, -C!"O•xl 
tnly ha nta.l 1• • ar ,. _ d•atain d. tr ot
ure 4rnay w c, loit * po~oatty oone. 

169. lOO.S-10'. , r ooia.J o}ujrty, -oro••1 and fn. n 1 l• 
• red iltet;ou in tr · tur J por ait.y none. 

70. 101.1-116.8 br. oia1 h ~YJ d ~k . craely :aln t .o lt gr 
ior· -1111 1•• nd t r to 1\ gr _ oro•. 

dolt J l . eon ab and lt r to fOl-gr o 1 , 
a.rg . trixt poro ity (ma.tru ot1l7) poor to tair. 



-
$11. 115. -12&.1 br o1 t heFty& icr gra.a and tl"a.pental 

l•a, int~ qu nt · ic~.-grt.u dolet gr en h n4. 
ar& o lo ma\ru; poroti y none to poor. 

1 • 125.1·136.1 nantly 1-&r, arg ·clol ' 

poor. 

· icro• , 113. lta t cr• n ah 
tru, poro 1· 7 none to 

l c~it~ g .. ., an gr •brown theriq, 
OtJ. the ftatherec1 •vtace thlt • quenoe 1a peeu . o-

·.wR&tb.ering h l"t- pr•••nt 1n b df and. 1 n ea • 
............ tione • not '' urt oea .are tough, but r• ular. 

·e pre•ent in tlJ.e appe, at po;ri • Coll pt 
baa 1 p rtlone. P08a11• ...- gen rally abe•nt. 

172-0. 1· .1-140.1 4o1l D , ·o lo, .., 1 r, aioro· · 
thioknu J poroaity nolle. 

111. 140.1-1 S.$ 4 1-t to lt gr. aioro- aDJ 
&buailaJ:lt h t . •4 '9\l • J 
on • 

$1 • 145.6-14 .1 b-... ec ia,. dol• partly t ta111ferou•, 1 gt; 
1.or p J er •, 1 &ch d to e1l n a aa4 oaata J 

or ly xl o loi e ·trixJ 81ty poor. 

3T&. 14 • 7•161. dolt 1 to lt gr, _ i ro- to v tnly ~ZSJ 
mo •r t t . an med v~t J or• n au of caloi te 
xl••· por aity non • 

376. 151.6-156.4 dole oherty. • 
p P 1ty non$. 

t bOY 1 partly e. b"oc1a, 

ST7. 155. ·162.2 cJ. lt ~herty, ed lt gr, 1cro• &at partly . 
r .cei • wh, cro-x.ln, al calo dol trix; 

poroai ty poor to non • 

11 • 162.2·1'n.4 ol• c rty, pa:rtly brec 1 ted, • · •• abOV< _1 

179. 172. ·1?8. 

lt g and wll~ poJ-oait)t poor to aone. 

b-lt o ny, par ly alo, • lt 
xlnJ t:oaity . oor to rut. 

to 1 • mie .. o-

o.. 178.4:•1 4.9 4.~1• e '&rty, lt gr to 11\ gr. Jldoro•xb. to • 
tnly slna p&ttl7 w o:ta• nga 1aed. 1 br J oa1-
e1te n tttt porosity poor o non • 
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1. 164 ... 19 .! · la 1t r to · lt , fn1y and 

intr qu nt · ra c lc1te ~lit 

ass. 19e.o-aoa.o 

tnly ~YJ poro ity poor. 

poor. 

:b¢ • partly 
nly och.U-

r to lt gr, 
1 ·•o•t y nfh 

lt .gr t Y 't g;r, nd.c o .... sln; 
.le1t• sl• 1 per . 1ty none to 

385. 21 · .o-211.0 dolt t t " ilit rou Jj 1 yel-· t; 
cro-a:lnJ Wr qu ·nt tn TU It 

t Gl" • 

SSG. 21?.0-229.?- dol: lt l• r to 1t r, ll'dor-o•xl and ly 
~ln1 in ·r qu nt f; TU&IJ 'O'lea•1on 1 l't .&.1• 
oite xl 1 poro it poor . 

d. lt h r-ty, 
xln1 loit 

toT lis V~ ·ro• 
poroai t7 non ·• 

ISS. 239.2•244.0 br oci , dol• cherty, ·am abo , e tit 
8.ll..."le ns and t . in in fraotur • J poro 1 ty non.•. 

369.. 2 4.0-24 .5 to lt gr tr ent.a 
· , ~ro ... tl'ra.n t.r1x; l . rg il'lt .. _ 
le 1 t . ne.•t 1 po7o 1 ty none. 

390. 249. ·-263. ~r ~o1 , d&lt o rt , calo, toT 1~ gr. 
micro- lnJ che.lky-1 okin J poto tty poor. 

'Unite S91 to 400 con 1 tute poorly , olift ... ro eequenc 
1e w ·th re to a grayi&h•bro ··• urtaoe• are llght g ·· y1sh 

in color, bla d 1 ne . t oro- an4 gr y oh-erta are pre t. 
Col laps • r .e note4 ill · h ba· l portions. oe il ar e.b• nt. 

891. 26 • -257.6 ciol: lc, d gr to 'br•gr, ioro-g~an, poro .ity 
none. 

92. 2$?. -2-64. '1 · olt partly o lo. 1 , br-gr to yel• • m1 ro-
gr and v fnl x 1 partly modere.t. ly tnly vuggy 1 
poro ity poor. 
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393. 264.7•270.1 dolt 1 o loJ 
t non • 

bo ; por i y p or 

6. 27 ·,l-289.5 

9 • 28 • -302.1 

397. sot. -3 ::· .. 1 

898. os.? .. ala.T 
I 9. 1 .1- 21.7 

40 • 

• 

'br eei 
wh to 

lt 

br coi 
to •1 

r 0 $ 

t 

f 
ed · 

ola 

dol• 

·ero-xl· n.rr quent e:d and 
hedr. 1 calcite: pcro 1ty 

abo , ;OC , no 
on ~ 

0 tty poor. 

b-o • p ro tty p &r 

11 oro• •b d: d • riea 'tlh1ob 
·. os 11 rb a 'bun t.. Chert 1 largely 

dolt rty, 
1oro- to v 

. lt llO 0 en. a 

the c nte • 

d lt gr, 

as b t p ro i poor. 

ab<W J porocity p or • 

ly f'nly xln d oba-



405. 

- .... 

dolt ap.r• ly to• ilite.rout, d gr to lt 
br•gr; or-o- to ~ rnty gran, por _ ity llGl18. 

c .6-1 a.t •1• 
b~•<tal d . 

quent 

401. a.,-ssv.v · ole toa•tliterou, o 1· , y l•gr t · "' l: · 
T fnlJ UJ .ofl•.rt.t.J fn _I drutJ Y ·. d
rtl, br-at&1 4 alclteJ oooaaioal · 11- · 4e , 
po~ly outlined., mioro•graa, 4. gr, 4 1 gru• 
~1••• po,-o•lty ta.1r. 

408. $6'1.1-31$. 4o1r toaeiliferoua, calc, meet lt ~ Jldcro.- to 
v hly • 1 fr -qu nt tn • 4ruay w anh_ ct
ral br•ataia d ealo.ite, h titt allh droa• and 

1 · J por tit,- n••• 
409. S?8.6-S7S.e 4ela toaalliterou1, lt b~- - to ed 1 nly 

to d· 1 o - ••1 -1 • o~a ea.lo1te XliJ 
poroeit none~ 

410. 37 .8•3$1.$ d lt to a111r roue, • a• b . J peroetty n n • 

411. 381. -38 .i 461 lt, l.t.• • toa _ iltt roue, tra ·n.ta.l, ~ 
eli- . e lotte w 1oatt•r• gra1at of toro-

to • tmly u dol; porotity nOll•· 
dol a• • toae1lit roue, d drk , tnly te .,. 
tD.ly ~ln J pQroai ty po~r. 

412. 886 .. 1•3 s.e dol 1• to e 1 dolt toas111t' rou • yel-br 
{micro ya1•tl oke6) 1 mioro• an dol rb . lba in 
a calcite flour · tri•t 1 ·a••• o.t drk gr, taly 
gran dol w eo tt re era• alolt xlaa poro•1t7 
aon• 'to poor. 

413. $98.8-400.5 dol 1• t o lo delt • .._ at abt'MJ porMi y aoa 
to p or. 

41 • 400.6•410.$ dol lt t o 1 dolt 
poro11t7 poor. 

415. 410.6-416.0 calc dolt a aa aboY J poro 1\y poor to aoae. 

416. 415.o- 420.2 eal 4o1• t ae abo w rn4 4 p bbl•• or drk 
oro-aln, clol J baaal portion• grad t a t'l!aa
~a'kal u.d toaail1terou la ot 4-gran. f'ttded 

tr et~.t 1 p ro ity P"F• 

' 



417. 420.2 26. 
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1• 4*a tr ent l, &4• to 
t1' uent rn "'' druay ... 0 
poor to noae. 
clo1 le. 2.f•a 
b'a enta in 
none. 

raely -ran w tn
loite, porotity 

•• abo w 
trlx; poroa1ty 

41 • 426.0- ·If .o dol la to e lc dolt ra tional tr the a\Jove 
to a • 5r w or-y 1 at in•, tnly to tnly xln, 
oa.lo 4olJ poroeity poor. 

419. 41V .o- 6.1 d la e lo,. a . as a boTe, partly a. 
1 ro- an, dol · • abundant mtoro..-h _ tl\ 

neok• aad atama t partly tlol 1•, r~a · tal 
u · bow J poro i ty poor t none. 

20. 446.1-448. 4ol ealo -to 4ol 1•• h• . nt 1; toeeil1t roua .t 
e4 gr, tnly to d• ran, le w v tnly g:r,_. dol 
tris" ti e tlec eclJ por atty on • 

422. 4Sl.o- 65.3 do ' le. br- w pk 1t ine, T tnly to oro
gr-.n, w trequent IUbhe-clre.l and euhedr 1 h ... 
tit pseud orpha aft r pyrite, poroaity none 
to pooJ'. 

421. 455. 3•458. 5 dol cal· , 1' • au a a abo• , wh grad . • to tnly 
to _ cl•gr&n 1 · gr d.el lt w h tit · t 1 
in tnly to mioro-gr dol triaJ po.-oaity non • 

424. 458.6·413.4 del 1• t ·· e _l 4ola partl7 trap ntal a . l>ove, 
. &rtlJ • tnly ran dol • rnded gr ul • · t icre• 
, ,. , d lt dOlJ por a1ty none. 

425. 463 • ._4 .8 dolt e.l ., foee111t roue~ • 4 dJ-t gr • or-y•,l 
1te.in , tnly to eilt ... •1•• grant tn vuga 
stained. or•yelJ h .a t'te aah•dron•• indistinctly 
outl1ne4_. ~ncled gruulee a.11d p bbl • ot m1or .... 
gran, d lt g_r- 4 11 porosity non· • 

426. 466.8 9. d la c lo~ a • abov ·• 



427. 

42 • 47 .V-480. 

. 30. 

-lao-

1 b . J p r a tty o • 

. 1 a.'b-0'9' ) por~tty none • 

1 to d 1 1 • r-ragm.ental, oatillf'erou•, ool1-
tio' 0 ino1 al, 1 br-gr to palt purple ~ s•
r . , orae to fn tr ent in a. trix ot cl•ar 
oalo1t , h 1~ nd dol rh •• por ity o •· 

43S. 501.1-507.0 ot.lc dol and dol lamin._t · d band 4, 
partly • abo 1 p ly a silt ot h tit • 
dol r d ealc 1 t flour; poroai ty- non to 
poor. 

'"· 50'1 .o-510.0 dol 1 

415. 

4S6. 14.0• 17. 

437. 617.8-520. 

• 

none. 

1 1 ab~e, partly calc dol 1 4. lt gr, 
iero• to v fDly 1 p ro 1 ty non .• 

dol let to aili~ rous, d r w br &n4 r-yel 
• a ina, tnly to v tnly ran dol an4 - o v 
t 1 an l•a por aity oae to poor. 

3 • 620. -529.6 dolt d drk r, oro-gran; mier -h tit · 
tl ck J poroaity .oor t aoa • 

Unit 439 to SS c tit t di inQtly bedde4 • ri 
to whit and itter nt h de ot br . • Co 
re ult fro varying d r e of res1. ta.nc to 

pr nencee 



·101· 

4$ • 529.6-658.1 t ilif ~out, lt br•gr, 
· tn to ·cr • 

0 5i3.1- o.o r to lt br•. , •• li~nuaphio-
l • small baule o~ r-aly aa l• -

· 1 poro ity no • 

441. 840.0-6 0.8 . w gr to br- . , 
nd parting• J 

d lt g, irr ul rl 1 ne:\ 4, y l•gr to 1 
r, oro-g an, por _ 1 ty non • 

54-6. •64 .4 dol, c•l and o l.o1'tet oherty, lt gr oro
a do J partly ub dFal. to uh dra1 calcit · 
Qnly irr. gular t hea of del re lninga 
iJ"e=oo1 ted•loold .1 J p ro tty ood o d. 

• 5 9. -i53.2 to tnly ran, 
tit uh drone and 

i. -56 .2-56?.1 dol, ale 4 oalc1t 'lt gr, · 
( eohar idal dol) 1oh P p ac 
poro 1\y me4. to good. 

' loit 1 

.· 6. d d 1• lt gr, ~ly to tnly t.n le 
1 t _r dci 4 w -- k , ler -sln dolJ 

rostty none to poor. 

44'1. !. •i .6 olt lt gr, itU- -•lrl n i '\o aloite 4 

448. 566 .. -569, 

tnly sl do a _ • J or aity r~r. 

11 t lt br•g-r br• r • mioro• ra 
·r ph.ic··l o 1n ) . hioh v ri to 

b •• poroaity non • 

(•u 11\he
dol 1 at 

449. 68. •57 • 1 * lt r• r to br•gr, oro- to tnly gr XLJ 
d 1, o lOJ lt yel-~r, miero~xln w int~eque• 
tn v 1 part y aaee reiclal and repl c 7 
c oit 1 per it ta1r to poor. 

45th 571.4.S1S.6 dolt 4 lt , miero-xln •. partly • taly xlna 
ari • to a ·ioro-gran, r-gzt 1• t b a ,_ 

porosity poor. 



5 • 675, -57 1 ola c erty, p tly le, t br- r. tnly 
~1 , partly ooharoid&lJ oroaity pow "o 
tur. 

452. 5?9.1·580.1 do : lt y 1• to y 1· , Y fnl7 ~lD, 
. cch reS.dalJ poro ity g· ·-d. 

453. 580 .... at. dol. t ill o · lo • lt y l•gr, 't tttly s:l • w tiey 
len · . 4 b 4e ot er-o••·l n . t . , 1 ro· 
,r~, oh rt; porosity tail' to me4. 

464. 582. 8--58?. 6 

xln, 

467. 696. ,.. QS."' 

45 • GS.T--60 .1 dolt . abo . t partly micro- rataJ p aity 
pocr to non • 

459.. 09. ?·418. 5 4ol• s _ a. a bo"", w infr qu t l•Un 
( p lticY) - or e vu •• por ity po r. 

60. 1 .6- U,Q olt toa.ailit ·.-ou•.- lt gr, tnly to a11t ... a1~e 
Xlnl a dan'b fn g• &nd. c~inoid o t&J 
porosity ta1r. 

61.. 623 ... -624.6 dol c s above,. tly cro• rut poro ity 
poor to t ir. 



46& • 

• 

"· Gl .6-641.9 dolt ohe y, 
mottlln e, 

aa 'bCTeJ p r a1ty o .-. 

k yel-or \ lt yel-cr w drk gr 
tnly to Jdcr •xl 1 por ei~y poo_ • 



ucsao · 

liag s arte4 on ~ n&rth a14 f th• Shoah • 1 er 1a 
4, f 52 , 102 , t't loG ion about . A .,_1 a.'bOTe h• 1n
v · rt t1 syphon. .41 on thiekn •• i• ur t 11 the d · • 
. 4iaon ltth log1o contaot. · Vftyed thic ••••• n.ri 4 tr 00 

r et to v·so t t. 

Uneontormity(?)--
Tt ""'_ ........ ,,. ... . ...... ..., .. ,..-~;t • 1 tone n~ dol te o ;t)bl • \o 

2' 

or 

21 - • o ... J. 

1a a. aan4;y. u .illaoeoua 

ay atheri , ti • ~ 

a aeri • ot tbta• aa4 e41 •bedded strata 
tur ~o rona aeri • 

ro ut •• a . aai -
t l - a nod.u'le& u r~ uent. 

r h to antl eo pr r eaiv ly 

l • cherty, lt br•gr, oro~x1nJ partly a lt 
, m1 ro•xln, alo doll ll'dnor tn vug• 

~ xlt; porosity 

1 t rty. tylolit • sp r ly to• 1111' ~ou , 
lt br- r o lt 1 1- ;, 1cro•xlnJ p tl · tr g-
men • a-t b . dol le ., illtr . que ~ t vug 
11_ 4 w bl, oarbonae oua ( t) · t rial 1 porosity 
no • 



21.$. 2l.G4h.6 

218. 

219 

1 1 cherty, stylolite_., lt br-gr yeJ. 
necks, cro-xlnJ partly' a lt yel-gr w 
yel-or stains. m1cro-xln dol tr in.fr ent 
e $ . drusy w qtl and calcite; pore ity-
none to poor. 

dol·t cherty, tylolites, p~ eilleie, 
ealc, lt y 1--p to ed lt gr, ·cro-nn;
Y l•ol~ stained t:racturee, minor fn g .. ; 
porosity poor to none. 

doll calc; e erty, lt y;el . to lt ·, 
micr~~nJ porosity none to 

dolt calc• cherty, m gt t'O me _ lt gr. 
oro- to tnly xln; infreq ent l ae -~ 

tes il rragment8J intrequ t lc· -e nest o·. 
ersel xln calcite; poro ity poor-. 

dol:- cherty, ~ale, lt y _l.-.g· to d lt gr, 
cro-zlll; partly • med xl.s ot e · e1 t l 

intr q,uent tn vug J pW0$1 ty poOl". 

1st fo-ssiliferous, fragment , oolitic, 
ed lt to lt g , tnly t ed- ran; 

CCC ional ll•Z"nd l anuJ.e d 
bbles d abundant o Utes 1n 

JCln . atrb; partly w intreq ent fn rbomb -· 
o dol-• pcwosiv non. to po r. 

lB& ch rty, tr . tal,r lt b ·, 
tn to d tr · . ent in mier _ n triXJ 
p ·lr a · f'nly xl.n, med lt , r calc do w 
h tit p eudomorphs J porosit-y non • 

dol to dol ls: cherty 1 lt y:el•g to : t, 
~ • .fnly' xl.n abundant c:rs ·; e t · Xl 
, d in~e~xl calcite flour; porosity poo~ 

to one. 

Units 2ft to 235 con titut a 1 · , eU.f'£..,.fo 4 • ng s uenc 
1thich ather, blue-gr · to grqisb-brolm. Dep itional pl 
&nd interval are erldence by tract p tterns and. v in · d 
g:ree of at.hering~ _ poradie chert nodules 'W'eatber o t br'*G 
to pale yello :. At t . e bue, this ~tequence grad _- into· a breccia 
and congl erate, which locally cave . under to torm talus · d 
ledge. 



222. 52.9...S5.9 

226 

la:t cherty; to ua, v l gr to lt 
br..-gl', tn to g~ . :ule si• f '· · t in a 
mioro-xln trixs, 1ntnq ent v orse wg dru . -w 
calcit 1 ~ .· ty none. 

ls ·• cherly, tossilif rou , pQ-tly ·rin·1d.atJ 
v tn to v er·" fr ents in mi~~ ~ .. riXJ 
varl to . 1 ·-u~r,. r.aicro.-Xln l ; ·. it 
pseud orp. " poros"ty .. rn to 

lat fossiliferous., lt gr to lt yeJ., · .r, 
fnl7 to mic~gr .J poro :1 :y none. 

1 : ¢h rty, fossUitero , stylolitee, lt 
gr to v lt b r, tn to· c.. fr. en s w 
miero-gran · · d mic:ro-xltl mil _· • · J e . ttnred 
rnded g~anule&J p~s:t ty none 

lsJ cherty, to iliterou .; l t r v lt br•gr, 
v fnly to med- an tr ents and oolit in a 
micr~ ro.atrUJ oro ·ity n n • 

ls-t cherty, fos il.iferou ., oo 1tie 
to v crsely xl.n ·. tri%J poroa · ty no e. 
dol_. 3 I l calc, lt yel•grf n.i .. rO-xlDJ 
porosity poor to none •. 

230. 10.3.8-109.1 dolJ cherty, artly • o c, v l'h gr t lt '1 1W 

gr, v f.nly to micro-'XlnJ po~ · it,.,r p . or. 

!Jl 109.1-114.6 er -gr . . _:t 
·at d1 crsely.' 

a micro- matrixJ pltr'tly 
· ite trc J v . . g br. ehiopod 

ca . {) ), le+ge erinQid aeet·ona d 
numewll1 hom co s &r·e pre . t ong t,he ls 
.fragmantsJ poro t;r poor to. f . ir~ 
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2)2. 114.6-l!$.6 l t ir _ tal, s s above, chert7J 
porosity poor. (Later~ly verie to a 
bQulder br. cai ' • ) _ · 

233. l2S.6-128. 6 l 1 fragmental, s . s o _ .1 partly eon• 
glo eratie 11... · ea bble o-f tr ental 
1 · et 1n a fr~ental. · mat~j v .ro . ili· 
te s w large- (if c~ · · ction) ri.n.oid 
etem and 1 g& ( 2• .... 4•) to ·1.1 . · a.l caste J 
local~ v £riable; porosity poor to .fair and 
variabl$ laterjjl.ly. 

Unit . 2.35 to .2$) constitute a .' 
trt.ro t ieh · · ther b:rolmi ""' 
hort str t:igr _pbic int 
por brec~ias occur. 

b ot th1 .sequence is 
t conformably bedded; 
generally Jbaent. 

2)5· 148.6wlSl·h dol 
trequ 

2.37 .- 166.7-. 12 ... 2 dolt · oh .... 1 · , p-.-rtly .sfr· oic, g, ud.oro-
gr ; po~3ity none·. 

236. l.7Z.t•l?h.7 dol·• cherty, m d lt gr. p~ w h tite staiM, 
mier~; a . it:r one. 



240. 

189.6-198.6 

19B.6-ao.J.4 

d lc o c, med gr to br-gr, _ cro-.granJ 
basal l" a dol ls o£ v to rhambs in ' 
eal.e triXJ porosity none. 

dolt cherty, cale, parsely' tossillterous, 
d lt gr, miero-gra; partl.y mioro-saccha

roid&L; pore ity poor to t _ -r. 

dola cherty, e . abo . J ro ity fair. 

4ol ls and ealo dolt gradeJJ t · med. g't', 
micro-gran calc dol to . lt b~ , dol ls 
ot .. 11 t-sie dol. rhcmb in a calc matrtrs 
poro it-y none. 

2:43. 20).4-210.9 1 t thinl.y b d;t lt br•gr, mioro-granJ 
a.1 ·o- · ell.rnded gran~ s of micro•gr la 
in . c~ . an t.rixJ ~si ty non • 

244. 210.9-218.2 dolf cherty, conglomeraticJ subrnded to 
angular,_ eobbl to granule of med lt gr to 

lt gr, micro-gran, calc dol. in a · trl.x of 
br-gr to yel-.gr, _. ~gr to T fnly gr 
dolJ ;porqsity poor. 

24$. 218.2-222.0 · _:. lt br..gr, micrD-gran1 ne 
of caloiteJ porosity none. 

and. .., inlets 

246. 222.-o-228.6 dolt al calc, v lt gr to. med lt gr, micro
gran} pcro$1ty non • 

247.- .228.6-2)0 •. 4 l.s= cherty, lt br-gr, mic~gran; partly 'W 
r d- .t in d _tl:" aka; -orosity non· • 

248. 230.4,.234·5 dolt cherty, ealc; med lt gr, micro- to v 
fnly gran1 irregularly hap di granul .eis . 
inclusions o£ lt · , ndcr&-gran to v tnly 
gran dolJ porosity none. 

2h9· 2Jh.S.238.) let partly tragmen-&al" lt br.g~~ mtero..g:ranJ 
partly • v era· to med. fragiae-nta in a m1cr~ 
gran, e ale _ t.rixJ porcaity non · • 



250. 
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23 .a·241.6 4o1• eil1o1 (t , partly beadec, 1 
t1 1' cr, ·oro-gr · J por 11 t;y n • 

362. 250.1-256.2 4 1 1• 
t r•• 

lat T oh rt)'; lt br-
• 1oro- 1 p · 

tl o ed 

257. 269 .S-274.6 dol 1•• • 1 • . o~o· an d.ol w oro• aa 
cal iteJ poroaitr nou.. 

258. 274.5-276.0 ls• lt br•gr, ro!ll"grtt.n; tleok d w mior\l• 
ko ~1t J poroa1 1 noae. 

26$. 2V6.G-282.1 dol lat v lt gt tQ lt br- r, td.cro• r _ ol w 
1ntarttit1al · · oro• gran oalol e J pot' •1 ty aol) • 

2 o. 282.1-287. · dolt ch y. 'bande-dJ 4 lt gr, tnlr t micro-
- an w thin l/8 and. and atr aka ot , rou 

chert J peroe1 ty none. 



211. !81 .... s. 1.6 le • •1 ehertr, lt b .. -cr, tnly t •4-tra · td;. 
a.l • $oatterea dol rh lbt 1 poroe1ty none, 

2Gii 801.6·103• lolt ohe~y, l~ gr to · 4 lt gtt. · ~eo-uu, 
·r eity aone. 

268. SOI.I-$05.? tlolt o~~\y~ ealo, 1 . -n&te4. 1~ pr t ..-lt 
br·gr. ialor~grUJ · poro•ity tl . a • 

264. aos.?-!08.& 1•• 1-t br-gr. ·Ol'o-sru; ~ ·•:tty ao -•· 

l.o!§epola to · :tie• 

266. 10$.5-310.9 4olt ar ·, t..n« 4t lt gr partly ata.tned pl--or, 
·ro•gr.UJ pebbles e.n4 l•tlfea et bl•gr, · 

·. oro•gru, u 4o1J h• tit·· anh drona-J 
poroelty non • · · 

26!. 310. -Sl-2-.! ciolt ohertr, arg, lt 9' to yel~r mettlea, 
ldcro•st · 1 intr•quen't n-eat an4 vetn1et ot' 
e«loiteJ poroe ty poor .. 

26?. 812.1-815.0 1•·• ohe,-ty, lt br-'. hl:,r tra. ·ental ~ 
-. ol"o•gr&nJ peroatty none .. 

248. $16.0•$11.8 dol• oh•rty, oe.lo, • lt gr, . cro•grtmJ 
potoa1ty u.on•. 

It • $18.8-JU.$ 4.olt ch-en7• e.llty, c nsl . ra\io, lt gr tb 
or•p.l, ailt-aise cru 4ol w •ubrn«•4 to 
$.ll&lilar pe-'b'bl ·a o.t • · lt p, 1oro•gtu. ·ar 

·11 m1ero--Mma~1t• anh b<imtJ nett:• ef ea.l-
clttJ J9r'- "ity GOAe 

lhl1ta 270 to $20 ~onttl'tute a elitt-torad.ag aeri•• ot aelli•· and 
thin•b dded et~ata which we· tiler- to • tluk•~ ~•1 ·~ th above 
eeq-uenc.e • Ob rota are not pr••en:t. Oroea·b · d.4lns m4 1*2l1na:ttoat 
oocua- epor&dio 11y. Foe· ila are llade.nt to moderate. P•eudo· 
b . clding is tonaed b:y e'byloltt ooturrenc a. 

ITO. aa.B-81'7.9 4olt eheriy, eilty, oalo, v lt gr to lt ,.el·~~ 
micro•xlnt in -r queat a5.1t-t1se to Y ta oh rt 
u4 qts gra.iniJ ,_ J'lOJ' h. ng~J pore- ity aoae to 
poo~. 

211. azT. -ua.a dol• oh&riJ, partly ug, v lt sr to r ·t·or, 
cro••1nJ partly . o~e- ooharoidal 1 .poro~ 1t7 

poot' t : tair. 



272. . S!.B•SSJ. rty. · ail Yt • vk re t - 1, t. 
to 4•u.. 4•1• irr ul lT thap d aiae 
gra1n ot qta and. olt J hematlt• ell- na 
and atai . J por 1ty poo t no • 

213. •31..8-885.0 dolJ oherty, · y 1- - t . gr- 1, partly •'baln 4 
drk r 4, ioro- . . to m.cro-xln, ,aftly aiCPo
• ooharoid lJ por aity ocr. 

214. $16.0-11 .6 let concr tionar,.~ 1 br-gr, oro• to 
gran., paJ"t1y w · 4 ls ••'t• ot ldoro-
d! ·l J cob 1 aise, ne • ll•ftli 4 oonoret1ona 
of 4 gru, JDioro-xln,. c lo dol J por aS. y aone. 

2'15. 336.& ..... 341 .• 2 d-ol .t '9' lt r, anti ataln 4 yel•or, · J 
ooo •i l xl . ot o lo 1 t; j edr 1 
J.n tr . ture·t; · ro 1ty none o poor. 

!f • 841.2-$5!.2 

2'1· 312.246 .• 6 1 1•·· • aa e.bo J por 1ty on to poor. 

2? • 155. -16?. 

non • 

21 . . 167. ·-160.2 d. lc •i· , eel lt > T fnl)' to r ·• J'UJ. 
o lclt in traotureaj per 'ity n to poor. 

280. 360.2•1$4.4 1 I fr& en _1 1 ~a 4 ly t iliter -ua, ot 
'br-sr. ranul to tn la tn.gmenta l11 a xln 
c lei' . tr1 J poro ity non • 

281. $64.4•365.& dol 1 J oherty. v lt gr, 101"$-to hlly •ln 

263. 

dol rh S:a m:tcrro-gralS. l J · c t re4 v or · 
vuga dr y c · loi~ 1 poroeity aon • 

d l ltf lt 'br-gr, 
ld.of'ot!Jtgr 1 J 

cr~xln d.ol rh 
·1ty non ·· 

lt br-gr, 
ro-gran, 

11 ia 
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284. IT4.S·· n .i dolt oale ~ to• 1.11t us. "' lt v to yel ... er. 
· mero-gan to v tnly gQJ p&n1y a aloro• 
gt~UJ. 4o1 lat poroeity none. 

185. 1'11.$-588.6 lat to :e111feroua_, · olltt. · • trap atal ·••• 
to h. la tr peat& ad oo11t• in a ala oal
•1 te trb; poroatty aon • 

ass. $86· .. 8·190,.8 1.1 t• d.ol t.J tossil\terou. ool.ltio. tng
ll&ilta.l, •am• aa above g,-a4lng iai:e a. trag• 
ental le w aioro-gt-u del matrix 1 ovb--.• 

oeoua llaed •tylolitotr t' er1no1d a otiontt 
poroetty ·noa.e. 

281. 390.6-596.0 dol 1•• fragmental, 
aon. 

288. 395.0·39$-.S dol:~ o lo, d gr • er-y 1 tleoka, m:i:oro-granJ 
pot'o tty n n to poor. 

289. 19$.5•40S-.l l•t toa•ilite:roua. oolitic, tra.gm.entali crae 
to tn tH ttta w xln oalcit triXJ partly 
w dolQ'JUt.io _ lrtxt porosit·Y ao11e. 

190. 4A'l3.1•404.9 dol let lt v to lt y•l-gr, mioro•g,.u dol 
1nter·g·ata . a.loit J per eity poor. 

&91. 404. -40 .8 c1ol lat tra ntal a.n.d oollttc, 1\ br•g, cz-aely 
to ttll.y gn.a • mtoro-uaa 4ol trlxJ 
poro tty •• • 

392. •o .8•414•8 le * to"ae111toroua. oolltie. •tylolitee ~ 1t 
)r-gr' tnly to ora ly cr• • aicr•-gru <lol 

trix; poH•1tr nell • 

291. 41 .8-41'1.4 lat tl dolemitio. tragm ntal. oo11'bio, lt 'br-gr, 
ta 'to era• &apen.ts ia a rix ot ore-
gFan 1• .IJld clot 1 poroa1 ty none. 

2f4. 41'1.4•421.$ let tr ·gmente.l, oolt lo., lt fel•br, tSt to or• 
traga ata in Mtrla of tlear. ltl.n c lett•. 
a.ioro-gr&ft oale ite nd m1ero-gra!l chl, poroltity 
:none. 

295. 421.1-424.9 4•1• oalo, pale rel.:br, micro· '\o .. falJ gran, 
ealaite veinl t.a, pol"oaity p4ott to noa • 
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1 8. 42 • -480.1 la' aJ. 4oloaitio, tr eat 1. y 1-br, T 
or• · fn rr. · ta ill • tt'i of ele 
•ln oe.l t u.4 oro- . an. dolt pot'oei ty none. 

39?. 430.1-411.1 4ol• oalo. pal yel•lB' • .,,. .. ,.1 etdna, • 
tn1y tQ aiCJ'o-x1n J p-oro i t.y !X'Or to u. 

298. 433.1-486.& iloll• to alo d.olt ouny .. pvtly trapental 
la w ldor~ 4ol atr~t partly Jd.oro• o 
v tnl gr ol • 1.nte.--uai!l o lc it J 
poroai'ty non • 

399,. 41S.t-4t0. dolt lt g!- t lt yel•gr. miOJ"o• to hly slaJ 
.ooo eion l oalclte""liaed YU£1 J porosity pow 
to t&lr. ·· 

100. 440.t-448.4 lat &litie, trap.ent. 1 .. o-rae to tu rnu 
tr ~ . ntt in mioro-gru · n4 fnlr •ln matru 1 
peros ty none,. 

301. 446.4• a. ·~ h• 1\ tt 1tuJ an tl ok 
vi•• poro•ity none. 

302. 4D • 9-455.4 4ol la • t ental at. bOT , partly erinoidal J 
·ty P'-1 1&-rsn e# b tit. tnly gran 

· .1 · :t'tkJ partl7 d gr, v· tnly gr ' 1 
at topl poroait:r no to poor. 

SO$·. 455 • .&---484.8 la •· cherty, tr• · ntal, ooll io. partly ·. rla-
oi · 1 J . 11•m.4 d srtmul • hrough tn frag

nt• 1a & _. oro•gt'U 1• an4 dol m&t.ri•s 
poro•1ty noae. 

10 • 484. •412.8 1 : am •• u J poroa ty one. 

"5. 472.8·418.1 lat ,...,. at aboft • ooct.e1on&1 ·~••• eul>
Mdron. ·· ~ pHud.omorphio heat~te (IU'tt·r P7• 
rit. ); treq.ullnt heMtit · •tainJJ poro•ttr-none. 

sea. 418.5-48$.2 4ol 1• t tr• ntal 8.1 a.bo"' w micro- ru 4&1 
trixJ tr•que:n v ra to , C7~•t••4 It . 1;.1te 

&Jl)lauon•; por. · atty llGtt • 

107. 486.!-48&. '1 dol 1 • a abo• tdlioh gra.d..ee lnt a 
an4etl, eel gr yel.-or tle.eks, .., tnly gre 4o1, 

p ·ro ity- Bell • 
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OB, 48 .7-4 3.9 ol 1 1 to ilit ro . , 

s.s- e.o 

$1 ,, 49 .0-601. 5 

11. 601.5- .o 

12. 508.0-51 .o 

l • 51 · .o- ta. · 

undant pyri and. h 
poroaity n •· 

1 , banded, lt b •p-, _cro•sru • 
dant h ;t1 te and pyri t J par ly 

-·~ ar · ·a1l. baltJ poro•it.)" ·one. 

ol ·ilty, e le, 
lc y 1 .. r, cro-

non • 

gr w pl-o · tl 
:OlJ poro 1tr • • 

31 ·• l purpl ; oolitee 

l • il9, - -28.1 

dol -.tr'--; 
pyrit•t porosity 

16. 62 .1-526.1 l; h rty, l ~ale, lt 1-gr, 1oro UJ 
poroeity no • 

17. 526. -5Sl.5 1 ; oh rty, tylolite , 1 J 
po~oe.i\y non 

1 • 531.5-540.1 dol ·• eh rty, tn.ly 1 t , lt y: 1- t d 
• Dd.c ro- . . . J ly aoro• a.ooha:ro1d&l' 

p r sit 
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119. 540. T-5-4?.6 4ola a•, lt y 1-er, cro•cranJ p roetty 
non • 
la ; r o1 • 8. ' , •ngulv coabl • \o pebbl•• 
ot lt yel-br, oolitio 1• in. 1 yel-gr, aicro-

u ~ol tr1XJ por·caity n a • -

hit 120 to 34? coaatltute a dart 'her1ng, clttt- tondnc •-
quenc l 1 - :tlqn ooour apora.dically 1 Mel e4 aequene. 1 ot liae
ton . and dol ·t •· Ch na u a • nt ••oept n u the top f h 
oqueno wh _ re the~ ocour in larg• ao4ul •. Lon - oat portio • t 

the a queno ar thin• an eli •b 4ded, wh11 upper portions are 
thiok• to aiv - 44 4. 

320. 5 1.5-512.0 la: cherty, lt br- * m.ioro-xlaJ o loit ,. in• 
l•t• end. t'l' ~ur ill.inga, poroaiily on•· 

121. 568.0-655. 4olt ch rty, ealc, 1 yel•br 'to lt ~l-or. 
m1oro-xlttJ partly a oc t'"Oidala poroai poor. 

822. 55 .9-56 -.2 4ola oherty, m :4 gr to 1t yel•gr. tnly to 
micro-grant c lclte Yeinl . •• por sity poor. 

123. 56 .2-664.! 4 la oh rty, • • abo••• oro i ty poor._ 

S!-4. 6 4.1-689.1 dolt herty. 1lie1c, arc~ . 4 cr. aioro .. gr n; 
• r1e• t lt gr to d w yel•or 1taina, 
tnly xln la • . c.atter 4 dol rain J roei ty 
pool'" to none. 

4ol• oh rty, lamina e4, a.r • 
gr, cr -uu J poroai ty a 

1 r to 1-t 

126. 51 •. -5?9.1 d.ol, 1' • onertr~ eale. lt 'br-gr, Y tnly to 
r -•gran, porosity poor. 

dol laa 3~8 ' J toea111f rout, r1 _o1 · 1, rtly 
tra. eatal. 4 r to " de~ate yel- ~ w 1 
nata•• t · t ' cr • la trap ate 1:a • 1 n-
cr dol , '1-b.J por.oalty pOOP to non • 

1%7. 579.6-58?. dole oal • lt y 1-..br, v taly lnJ r1 • to a 
_ d lt r, icro-g.ra.n 1J O·alo1te • 1•1 teJ 

porosity poor. 

12 • 68?. ·595. . "-olt o lo, 1 1-'br, t'aly to mio.r -xlnt a ttl 
ot cr-aely xla ·ea.loite-J partly · o11t1 , llliero• 
p-an la j poroa·i ty oJt • 
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S29. 5 6.4-601.8 4ol 1• a partly frapeutal a4 or1ao14&1, a 4 lt 
cr tq· lt 7•l·l:J~, alaro-.uaa 'to • J'aly xla dol 
rhoralta 1ft a Jliero•gr.- 1• attlz J pa.rtly .tn 
to •• , lt. rr, .... t. a.ncl oolites in 6 JXdcro-ge.n 
4ol •1:rt.x J poroai ty noa • 

3$.0. . $01.8•60? .. 0 401 11 'to Q&~O 4Cl»l-t to1aili.tero1at, "f tt\,17 xla 
to aioro-aln 4ol rhOllbJ ut mioro-sru l• 1 
p&n-ly taly xla, cal• ,clolr po.r••~lty ,Oot. 

SSl. 107 .0-Gll.l do1 to dol 1 t & oalo., lt yel-br, micro• to • 
taly xla 4ol which varlet to a taly 1tln clol ·w 
a4 t• ••• xle o.t c-.1<)~~·~ porot11;y poor. 

. ' 

131. 812.1-620,2 4ola oal•, meEt lt gr t ·o lt :fol·br, v taly xlaJ 
i .uhe-q•l\t tn vuga, po~•ltJ poor. -

!II. 620.1-624 .. 7 dola oalc, •&Jle at abov• • oooa.alonal large 
.UCJ dtua7 w ealc1t• and br•&taine4 oalcit• xl•• 
poroa1 ty- poor l! 

J$.4. 624.'1-$89.7 4o-1a tos.ailiteroue. apusely oriao14al, meet lt 
gr to lt y 1-&J", v tnly to taly na ........ 1-
oi'tt ala ud tutat•J :lntrequent leaehe4 foatS.l 
'ftCII 1Jr ata1na 1a traoturea J poro•1 ty poor. 

Iii. 619.1-645.1 4•1• toea111teroua. orinoi4al, me<i lt gr 'to lt 
yel•sr, aiero• ~e> v hlly zlD.J moderate ••4 nga 
an4 lea.ehed to.ttll•• poroaity poor. 

116. 64:$.7•649 .• 4 4olr tl ch•rty, ,.._ aa abo•e• 

381. ' 649.4 .... 615.3 4e1t no chert, aAme aa aboYe • medett&t• oratly 
xln caloi~e n••"• 1 poroatty po•r. 

3.38. 155.1-6t4.2 clol t • · • •• above J pero•1ty pool'. 

189. &04.2-810.4: dol• oheriYJ aue ae •bovet heat1t• aahebon• 
anti ataiu J poree1 -ty poor. 

$40. 6?0.4-6?4.1 dol• cherty) •a.e •• aheTe, a.rg, tleok• ot toJ-eign 
~~&teria.l J po:roalty poor to noae. 

141. 614.1•676.4 4olt eherty1 ••• at a.:'boveJ porotity poor to none,. 

3:43. 676.4-618.1 dolt cbe-tt)"J lame at e.bovet partly • 'bl cul.r\aa
oeoua material, pwoeity poor to aone T. 
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341. 818.3•681.4 dolt ohertyJ a 
none t . 

• a boTe 1 pol* al ty poor f to 

344. 681.4- 85 . 6 d$lt -._ &a •bOYeJ no eh.rtJ poroaity poor ? 
to non .• 

346 . $86.6·690. 6 dolt •ame aa boVeJ poro ity poor f to aoa • 

148. 690.6•6_ 1.6 dols rg_, :med gr, talcro•,gFU W OOC:f. i<m.al Cf"Se 
xl . et oa.lcit J ti.ay 41-k red 1t1'e rt nd 
tleeb J poro 1 ty acn • 

847. es:a.&-696.2 4 .. la aame • aboy· w oeca t•a.l lara• neat• et 
red, miero-•gr8.ft htJD&titea poroaity none. 

148. 696.2·702.2 fh: gr-.en to drk gr w lar e · t-1 oluet r•, 
h tit to f011811 re . in · ! •coleoodonte and 
e.enodont•• dendroid•• peroeity DOn • 

149. TOl.!-71&.2 tlol a partly ripple k-etf «rg, eel , yel-or, 
·t.oro ... grfAJ poroeity uon• · 

160. 116. 2-?22.2 ae, ah. clql: 

t in bedt (1 -ztt) ot tn to m_d, • ht apharioity, 
tro1tecl q~s gr 1n• in a dol utr1x • a ·eroua 
c-oao4-oitt t~aptent1 1 wriea to a sr •• ·•ad.y ah 
to andy ttolJ poroai'ty non • 

3&1. 722.2-7&2.2 • , ah, 4ol. 

862-. 782. 2• andy, arc 4e1. 

lla.41eo:a 8 ele 

ISS . !lote & fhi• ••pl i t · k n hom p u4o·boulders in bter'ftl 
repree at 4 by eamplee 2!1 tc 254. 

4ol, oalc to dol la' l t yel-gr to .,. lt gr , • 
tnly xln dol rhoaba in a micro-gran cal :triXJ 
porosity ta1r .. 



OifL. CR$11 CAUOJl 

WID B.IVSi. .CAJJ'!1 ~ . 

!DSLSD tJAIYOi 

SIILL CAIYOI 

eiOODm CIIB CAIYOI 

Sli£SHOII CAITOI 

,.., .. 

119 

121 

118 

1ST 

14? 

182 



slither ltCl 

eat. o-a.o 

6$4·630. 
S2.S•fS.3 

•••be;, lt:Q_ s 
56Ch 76.1-S'G.S 

511 ... 62. 
80.8-16.1 

56$-.. 64. 
91.1•10?.0 

·OIL tlllUl C.AitOI 

iQS:SXON CABYGll F~lOI 

l.O.oa%-
Whiti4h4!1.gray, slightly ality clay. 

10.:91" 
Wh1 'bi$h•gray c-te.y. 

1.&4% 
Lt gray cla.y, mbor atlt J a.ooessorr tratt••. 

&.48" 
Grbt.ol.4 4 Ot'i•;. &ray, ,..1.l.ty ola.y, mino-r graua. 
ot ob. rt aac1 qu&nat 11aoa!te 'irao .. J a.ooee1ory 
trae e. 

a .• ze~ 
Gear•• quarts cl••t-era with ov•~growth• ot 
chen; tu• to e4 &bhe4ral <I'-rta e-an4a 1 
orino.i4 debri • 

2.141$ 
Quarta e\lhedrons a.n4 •ubhEtdrona; lt grft-'1 olart 
erinoid te'br:i.s J traoea ot granulfU', &r&.y ohert. 

1.21" 
Q;uute in olu t.-ra and in eoa~ e to •ilt-ais 
"'e.ia er anbedrou; bl ok ol&fJ er1no14 4ebria. 

o.401i 
Chaleedo'ai·e o.b.•rt trapen~• 1 &u'bheval qu&na 
-olua:te.r•; l»laek elaJJ ail't• ~·• graint· ot quarts. 

0-1-4-
Criao.iG. 1.114 b~aohiop~-4 4eot1•• silt ot qWlrtA 
end Oh$~"t J &U.'k gt-a)' to b1aok e,lay • 



ses.-..ef. lOT.O•l27.o 1 •. e11' 
lra.ehi,opod and cr1no·l4 4ebrifJ 11t ot quartJ 
ud chertJ dark g,,., clay. 

6$8. 18?.0•-118 .• -0 1.9-
Grin.oi.d. -ad bre.eh1opo;d 4ebr1a 1 tr -p nt1 ot 
p~o · :lue-o-\1: • f!NJ.'1 ehe1'1;· J D.rk f/1'&y ol&J· 

5&9·11 . liS.O.l&G.S s.n,% 
Whit · olay; orinotct u.4 braehl•l*l debritJ 
ebale :4onio, pevly ohert t aoce•••,.7 trace a a 
~ e n · hale tr-ao - 1 oee&ei® l gr .-J,.u of 
r-oad! d, irr-egularly ehape4 quu-ta. 

572. 166.5-176.8 o.s 

eaber 110 a 

liarlt gr· "' olt.YJ ortnold llt4 br&ch1opo4 Ubr1•; 
fla.he ot granulu eh•:rtJ- tracet oE greea •hale, 
a.c~:eaa~ty trao•• J tine q~t• gra.1n -. 

s1a-vs. 176.8-·196.1 t.sa;4 
-;inely tiolomol ie* porou 6h rt1 oh&le 4oaie 
ebert) <lark gr ·y clay. 

5TG-TT. lt$ .1 ... 209 .J ;f2J' 
V- diti d. gr · nlllU chertt t1nely 4-ol o14lo, 
granuls.r .chert f blao - cl 1• oellophu1t• t:re.ce. J. 
qo - $OFf trao .$. 

iT$ . t09.J•Il6 •. 6 lwl61i 
lnely folontoldi quart& tmd ehert J miOFO•Xln 

quart& lilt; .dark gay clay. 

619·80. ets.s-aae.s o.sst: 
tra.e.a qf t1uelJ 4o1Qaoldio quari.a ad e}tert ,. 
•uhd.ral quarb~z O:f sil'b•at · •• 'bl-a.o.k olAJ• 

5sl.ss. aae.&-241.-0 4.e-· --. 
Fin ly dDlOlilOldi~ oh rt and lae7 dolom.cl41o 
q\JAU"tJ. 

6i4•ii. 141.0•2$8.8 0.-4~ 
11 · ok ~l Tt 'brae•• •t $1t• • ttnely doloaol4!o
~hert. 



as. 256.e-te~. s.e4% 
Finely ·dolomoldi~ al14 c , ct, granular, 
. irty gray chert,. bl ck clay. 

es?-sa. ae2.s-avs.s o.t?$ 
, laek · il tr o lay J limont te t7aee11 trao•• 
et dol. ·" ld:io gray eheri 1 a.tr ~•totty trace• • 

. sa • 1?3.&-aTs.a a.42% 
1 gtty ola.y; qu&na trapnt•t O·Ollopbaat •· 

190 .. 1. 2?5.8-287.. 11.0% 
4 ol ~ - l41o ehert1 whlt . , ti •ly ;ranular, 

e p&O,, porcelueout en.~. 

592. 28?.$-190. 11.1~ 
Pinelf clolo old!Q a·hen. 

its-sa. 2·so.e-aos.' o.•~ 
81& k, eilt7 clt.YJ finely deloaoldi.o chert. 

a.· ·a ... v. aos.7·S1s .4 a. 0% 

5 • 318.4-12.4.1 

·. aber L 1 

'I tiD ly granular, pearly oheTt tr-a.p. attJ 
tl b o£ aaalar chert 1 llmoa1 t tJ-;_ ~·•• 1 
.-<Jar · to ailt-ait quuts u'bh 4Fonl·• 

0. '16 . 
ark v· 7, ilty cl 7• 

s ' • $24.7·$$1.7 0.98% 
· ilt ot quar'bt ud oh rt 'With dolomorphic-
11 quart# olu ter&J oollophbtt . , 

soo. ss1.7· a.t o~ea· · 
J.l Q ~ i1ty Ql 1• 

·6 ' l. 112.9-140.8, . • 9?" 
Ooara , Clolomoltic, granular, gr.,- ~bert 
whiob. ,r-.4 to quartc; grain• or tra · · uta 
Gt qu.rt and cheRt or-ino14 hl-1•· 

G:OJ .. 04. S .e.-159.4 o. 1·1% 
11" ot q1ar\1 and cherts black -clt.JJ 

Criho1 4eb~1a trao••~ 



eo.s. 169 .•. -aeo., o •. a·t?t 
Otly J~a1r rtal 

eos~e1. Jeo.4-l?&.o o.. -~ 
11 ck ol Yf silt. 

sos.ot.. ns-o-sas .a G.4:Q'Ji 
tre.y .o 1~1• • 11' •. 

tlo-.U. 888.1-406 .• 2 0•&-
6ft•7 ·cl•YI e11t ot ·uartiJ limonite trac••• 
oo11ophA 1.t · . 

s1s. .o•.a-408.2 •·••~ 
. ·in• (lnarta •iltJ 1\ ~ray ol•:v· 

614•15. 408.!•484.1 .l.AS% 
& · o -a :bqve. 

616. 424.1-431.1 1.1~. 
$.8 above' O·Olloplt.axlit 

GlT-19. 411.1-451.6 l• 13' 
Q.uarit nbhedrn• .u4 quartz ailt wltlt gray 
ol.ay.J eollophe.a.it, • 

. to. 451..6-480.1 z.as" 
Quart& ail~J gra-7 ol&y. 

nt. 460.1-4&5.1 t .a-8% 
Gray elaJJ s1ltt lbaotlite trao••· 

·. m,bef' L 2 

eta. 46&.1-466.6 a.ee" 
Chen and quarts t1ltJ overgrowth• ot quat~ 
on ilt fra9Jl•nt•J ,_..., elay. 

$28. 461.6-4 ••• 8.1~ 
lftti'bieh-gray ol&)"J wac•• ot q\l&l'ta f!ll\latN' • 

624-J!G. 468.8·481.$ 2.5.-
WhitiJJh .. gray o1 .. 7J t.rao•• of quart• aubhe.droae. 

617-23. 485.8-491.6 0.54-
lle.ok cl~y·J orino.idal 4iibritt in•gttlvly 
ahape4 O.rb frt.P,tllt,a. 

S29. 497 . s-&oo.v o.s,~ 
Black olavt trues ot tl»ely dolaoldio ohenJ 
minor fin a11t. 



er .Kt 1 ... 
461. 

419. 83.4-8~.8 

·.·m UYD CANYOI 

Jll& IO CAIYOJ 

1. 5% 
S ooth, rctnmd•4, irr plarly •hAp 4 gr$.!n 
up -to granule ai-. ot vuular. 41r'ty white· 
eheri 1 tr o•• ot 1t omt•• black ilty olay. 

s.t~ 
Oh rt a t.bo-r but not ;fo ll•roun4•4J 
t:r e ot yell , sh lej 1 .. tte rao a; 
uc as.ory trac s. 

1.4$~. 
·lack, ilty el&JJ o-cular 1 poroua ehert·J 
c.rtnoid ·d bria) ubh 4Nl q\lltrt . •1 ., 

o.ss~ 
r . ·11ay ele.y with ail\ ot oh· rt ud quarbiJ 

orino14 n4 'bre.eh1opo4 .. bria; tr c gr e-.n 
s'hal 1 aec -saory trac , 

1.& ~ 
Gr y cl :Yt br ~hi otl 4 ortnot4 ·• brli·J 
UUtodit1ed. tlightl)' porou•~ white ohert. 

1,.2. 
Oolitic 1 aguegat•• .t 'White ehen.t dolo• 
mo:rphi quf.ri s a"t-eg· t • 1 · hund•t br chiopofl 
4ebr-t · J \ma0ct1ti 4,. uular ohert tr . · :ta J 
gray el • 

4.1'" 
$1lt to fin siJ ot ·aacul qu...rte ud 
c rt; t ly dGl-OlliOrphle ch rtt 'bruht po4 . 
4•bri J ••in oh•rt• at.e4 qut.nt •1 re
g&tea.) ~hale,e.Cloa1o chen trap t\ta. 

10.14% 
·v en. \.ll~ ,tue to allot-: ice. qu.rts. gJkabltt· 
fin ly anulu, porou , whit cheriJ green eha.le 
tru · 



481-8$. 92.8·111.8 10.$8-
Lt grayiah•whit clay; tine t _ e4 uf. 
palntJ gteea ahal•J or quart-& oluter·a. 

484. 111 . 8·124.~ 15.T8,C 

Kember J.tC 1 

Lt r*L to eit el ·-r• tllU''' and. onert ail J 
green th..le t-ra.o •• ao.-•aorr tru••· 

485. 1!4.0·126.6 0.4~ 
Blae • e1l'r ol&J'J 11laor dolo•orpld,• (?) 
ohert J W1111l041tie4., tinely gr-uulu chert. 

484.. 1.2e.s-1&G. v o.aa1f 
iluk, e11ty cla:r. 

487-8&. l$6.1-144.0 1 .6~ 
4 gny olarJ trap•nt• ot ptJarl:r obalo•· 

4 rd .• ohertJ minor ail~•~ ·eo aaory trao •· 

490-sl 144.0.15 .a o-. ''" 
t ·race• or ,. t1ne-ly 4-elomold.io chert l sub-
hedral pyrite .# 4 gny. ailty ola.y. 

4 J--13. lS.S.I·lM.J ?, 'IT$ 
Gny, ail\y ola7J ud dol•e14J..o chel'tt v 
tiaely porou , o pact lten1 e·emented 
oollt _· t olu•'b ra • 

• ,,_91 184.6-181.1 1.81-
. ott, t1nely d.ol _14lo (!) • poroua, wbi te· 
oherlJ me4 ,;ray, tilty olqJ tr&Q·•• ot u-

4it1 4, granular atw:tt. 

498-99 181.7·188.1 2. 91% 
iero•xla, deleaoldio, lacy t\larbJJ tiaelr 

ctolaol<lio hen 1 whit• ud gay ol•y. 

600. 188.1·191.1 0.86" 
d U.r·lt V&7, 1lty ol&)''t tra-eea or finely 

granular, porou•, whit., ehert. 

sot-04. 19-3 .1-21s .a a ,CJ)t 
Atlgular quart& and ch•rt trapent·• J _ nor 
4ark gray e1e.y • t ·inely po:rou• 4oloaold1o o~ert J 
eluatere4 quart1 xl-t. 
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105-0G. 218.8•226.0 . 1.4.- ($0,C) 
Jh:it•, ilar4, porout and graa•lu, d.olo--
. l41e ( !) Qltel"tJ clark gay to 'blaek, eilt7 
1.,_, true• ot aott, black, oarluilaao•ou• 

Mt.eri,a1. 

so1-oa. aa-e.o-asJ.e o~sl" 
il•ok ..... whit clay, ttn•ly tio1011Gld1o, 
Whit• C'hert. 

60&-lo. eae.a•tte.a o.4'1% 
Black ol&)'J finely 4olaol41 eher.t. 

111. aao.a-asa.o 1.11-% 
Lt grey elayt ltaontte tracea. 

&l8-1J. a.ea.o·-aGo.' 1.1114 
Dark ~ay o lay :m1nort •etiYe • &r6llula.r 
chen aottl 4 white. and p&fJ ti•ely granu
lar, 4ol . ol41• ea ri 1 .,hart a4 flut.na 
.tr · :_ · nttt to •11 t•-als • 

514. 2$0.T•IQ.t l.lt% 
Lt pay.•l•r· 

sts-1e. aea.t-a?v.a a.?a~ 

bet L 1 

lr'anul·ar, doltlll•ldie • whi t• ehe.rt ( f1a•l1 
portua) J b.at4.- &ranular* \Ul11841tle4 ehert. 

519-·12. 2fT .8•291. · 10.:&21( , 
Do1omold1o o.r dol-.orphio -t.? ') chert J quaria 
olut\ertJ. &nh val qua'tiia sl•J cr•'l el&y. 

521•24 ats.a-aos.2 o.ee~ 
Blaok o1ay, 'Y fine to ae4 qurtt aubh VOD.IJ 
tree ohert oolite (?). 

sas-zs aoa.a-3oe.a a.-la-
a-.a-al and •ubhe4r&l, v tine q:uvtt ;tls 
(u4 oluetei*•)• bl ck, •ilty clay min~., 

527. 101.2•111.1 s. 61" 
Whi:tiaa-gn.:, a lightly J11ty olay. 
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$28•29 111.3··319.1 • •• 
~ ly 4olO..rph1e (!) ·uct ·~•1 -quarts 
'Whi<lk &t&-del to oben, 1111ur 1>1~ k · ·•t· 

5$0 ... 11 . 819.8•111 . 6 1, .$~ '! >~~? 
l.t to .aH gray elarJ o~•• q'UU'ta oluat ra .• 

saa-11. 1,1.e.sat.s 1.~ 
Stua• •• 'JJove~ lt gr•y ol•r wit _ minor tine 
to d g.raina ot quarta .• 

sa4. sa9 .. S·I42.s o.i~ 
L~ :n1 ai.lty clay, o;ta•ld. tru • · 

sat. 142.1·14& -.a . o.as· · 
llaok1 •1lty clay. 

ii6•$8. S4s.s-us .e o.e• 
tt ra.y, ilty clay. 

539·. aH.e-sao.s a.s-
&40. SGO.S•$62.7 11.&4'-C 

it.teh .... gray, •lightly eilty ol•Y· 

s•x-•a 162.1-114. . t . ss~ 
Lt gray, •ilty ol&f• 

&41. 114.4·3-?9 • ., s.o.,c 
Whlt1th•gray, slightly ·tltr olay. 

llea.ber L ~ 

5 4. STt.?•lliUS.6 4 i0-
Pal pb.k 1•7J green. wxy a'hal J ltiaoai~ 
tr o -IJ uhehal and \lbh .,..e.l quart.• xla 
(~ly cluat•re4). 

545-48. 18&.6 ... $91 . 2 1. 1% 
Orte• ehal _ trae .tJ gt'&:y, v tiaelf aU.lty clay. 

547•48. 19l.2w40ltl lt J: 

d dark 11'•7 o1 · ~J •tlt• e eh rt u• quarts, 
ltraoui• trao a. 

149•50 01.1· 14;,1 l-1~ 
Q\IU"ts. o11t 1 on eluter ot qu&tt.c a raed 4ark 
cr•r lay. 



s.s1-s2. 414.4-421.1 o.t~ . · 
4 dark c ay to bluk, •lightly .a11t1, .,.,.. 

$ 1-54. 21~1-416. 0.1 
Blaok. tlutty clay. 

5&5•BG. 418.8·-44$ •. 2 0.1 
Same u . bov•l! 

lliV ' . ·? 

55?. 44-6.2•461.~ .1.1~ 
lh1te clay. 

558. 461,9•45$.4 ll.lf% 

669. 

Angular to f.\l'Dround•d., epU~iea.l., e<l aiz 
q~z • · •• traoea of .If n •hAl•$ •ite 
elay. 

BNHOU DOL<IIlf · 

o.ao% 
fracea •t · ··•••, 'WU1 1 abal• u tlutty ol&YJ 
ooeaei.enal tme uaril xl•. 



'· 

6. 12.9•10.1 

e. 

MIS$1-G. ;; : . 01 FORlfAfiOI' 

o.s% 
Lt l»"'ight · browa, tla.ky, •t.lty lqJ traoe1 
ot· aawt 1,! aia ('v tin ) J oollophuit• (!) 
tn. • J ubou.o· •ll• tlakee. 

l.·-
Oha.l.kr-oolo~e4, tlty clq1· 'traoes ot v finely 
flol ldto, gan~l t eh$rt J b .. a.ehiopo trag• 
• llt• 1 er1iao14 rl•c• t a tew q · rt.s oh ri 
gra1a•• l .tun1te t .r.-a.oetJ· ,oo 1 or1••• 

2.4 ;. 
Chality-eolore4.. · · · o-th, ., · y lay J· te tt-ere4 

· fl okaJ e.o.,· e or7 t!"ao•t; f'o•ail trag-
t 'l a one anh ·tral 11moa1te arain. 

s.as• 
Ch lk7.,.<H~lor ·4, · .onh,. arth)r el&7'J acoe.saorr 
trac ·•· 

lth - ~,;. 
ell o.enaoli'-t•l g•int ·(t) ot ranular; 4olo• 
ldio o n J tme au4 ggr at••• mlnor ohalqQ 

colore·4 l !3• 

s.a.-
J;)irty gra_y t powdery 1 .. &'lb ere : CUft 0)"' •S.ll<l8.J 
..UO.r·, eoart -to tine qUrii graia•J uh•dral 
l n1t• gra!u. 

10.14" 
J>ir\J Cf'•fl po•dery 1 lN&\hez.ec\ :Oher\J 8ph•ric&l
th&p&4 .&: r gatea qt q~l xltJ 11ao11it t:raoea, 

s.te~ 
S · e a.s kve J ao lblon1\\e. 

1.-35% 
Dirt)r &'f, tl~ kJ clay J liaonit .a4 chert gr : 1n · ,. 
tr · ot t-iaold ud br:ach1ope4 4ehr1s. 



11. 

58.9·62.4 

1&. 

14. To..:-vs.a 

16. 

1?. 1e. ?--st .• o 

18. 

19. 

eo .• 

6.24% 
DS.rty U*7 ,. ,_,.ery ol .,, 'brac'n·to,ol tra.e••• 
11Nl11te 'tHcel• 

:ttll% 
ltltft .4irty bro-. o1ay. 

·o.aa, 
Browniah ... :e 1-b.- powd•ry .ol•rt Jlighil amoun~ 
oE aubperoel.IU'.Uiou.a ;$hert; ? htrequent q\'la.ri-s 
g-ain • 

&.11" 
Umao41ti · • pore. lu•oue, aooth, wtdte e-h ·l'tJ 
lt gray ol y. 

l&.GajC 
V_ od·itte4, p&rcelc ou ohertJ mode~"b am.ouut 
ot Ein ·1y .guular. dru•r, •ubhedral qllU'tl; 
poriery 1 Uk sr :V 0 lay • 

1· 98% 
l>t.rk _y, t1•k1 clay. 

9.84% 
Del oldie, 4•granular ohet"t J d.r.uq, finely 
granulu c-hert1 sutth ~- l quarts · ggfFe;t.t••·• 
1.c tt r .4 1 : o-nltf. 

1.42" 
Dull &r.,, euthy ol&YJ unmodlliri. ehaleo4-<>n1o 
ch rt .-. - :ts; pyrit · trao. ·•· 

1.~. 
~ite t~ a••• dull. earthy, all'ty •l•Ya a
m-o41f1.e4, ebaloedonio oh rt f~a.pente. 

1.0.66" 
Whi~e, per elan ow. chert 1 tr'a.gment ·· ot bu4e1&, 
cb lc dordc h . ttJ 1 __ nit · tra.o • (ll11nute 
partio1 t)J earthy, tilty ol•Y• 



21. 101.&-110.1 

aa. 

23-. 111.0-121. 

•180-

:0.9· " 
!raQ•· of er hi~p.$4 4•~1• J . f'la•ly aruular 
olw.lttt flak•tJ blaek, •11tJ o1&Yf tra~ei ot 
l.Saodte. 

1.1~ 
'lhit•" porc·o-le.n .o-ua, o'halky ~hert .J. cluster· .. 4 
au4 tree ·G01.1t .• , braehiopod., '4Tiao14~ u4 
g •"ropofl d 'bl!"ia t pfrite trace . J , t.lt7 olay. 

1.2~ 
Seaturod1 finely ~~uulw, to•ail h&.ptentst 
olul!iter 4 oolit e (f) of chalky ohert .J a111Jy, 
broaieh-gray clqt 

1.:~ 
hee -.n4. o1uttttre-d, ehalq • altel•tal, eon.o.e•tJf1o, 
elcmgatd ooli. •• (t)·t f1M g~e.iae:4 trapentt ot 
br · cbtep·o · · and crinoid a. .·b~i•t · · ilty olay. 

9 pl·e• a,s to 81 Uaolqi'f\. are h. •• liatecl ••P•'•'•17· fhe•• u• 
aaown eolleot1Yel7 in Chari I! tine• th•y ....,.. tO.• fHJt a anort 
atJ"atigr&pld.o_ int•M'I.l J \Jli•Jtaea a r~aa · ot thit latfrN.l lt 1:$1. 4• 
144.1 

as. 

a e. 

11. 

.:1 

1 f:7·a:f. 
So a · hoftt te•-•1)) leht-1• ('b.raohlopo4t) 
. blm.ilan"J elttlt re · uct tre•, ~tnaaeeatr!e 
ool1'9ea (1}, clay. 

$.03 
Oo.11ti(l) , (?). •h lky IV sa.tM J \timlQd.1t1e4, ,..,.,I 
okalo•4o-ni~ ehort frt.ptfttl J u•ular tra..-nta 
·~· £M•il detriat grq, $llty clay. 

20.$~-
f7Uil\l0eat., ehalc-·4onto ft"apttnt• ot totall 4 brie) 
ttn ly granul~, ,.ili t ·e eo lite (?) olutere. 
fh•• oell.~el: (t) •Y b• algal ie'bJ"i.e. 

1.65% 
fran•luoent ~:glaelltJ ot b'*'h1opo4• net ·eri• 
Jlo14a 1 limoni t. · tr·a.oe.·s J infrequ•nt, gr-uulu, 
white oolit s (1) • 

.. 1 .. 1~ 
Pearly, traul\\Oent, cha1-co4onie eort with tripo-
11tto ct'MltiqJ rr-.cm-tt ot whit • peroeleeo:UJ 
oher\J ble.ok, eilty elq• cctllophaaitt 'tirao••· 



30. 

·111-

s.sa% 
Baade4, ohaloedonl ehtrt (white to ~rana
luoen\)Jh and olu.etere4 oolit 1 (t) t 
e~llq' ohert; powdery, eilty clay. 

2.481' 
Dirty whit , pol"O'\la, chalky oh rt J pewd ry, 
•11\y olay. 

$2. 1.44.1-184.1 15.18% 
0.0141-o nd oo11t1o, chalky (tJ"ipolltio f) 
oh ~ l 1· · equent, toaatl tr: nta a 'traoea 
ot gr.en ana1e aud druay quarta. 

33. 154.1-161.1- 21. 1% 
l1maoditte4, whit , porou.a, 1\l'bporc•lo•out 
chert tra. ente With • 11, p ~ly, cha.loe-
4oa1o 1nolu1oaat lbao11itt tno-ttJ au.bh dral 
qua.rtl aggregatee Which YaJ7 to poro•la.neou• 
oheri. 

$4. 161.3·169.8 .?l% 
ilty olqa l1moait J T ooar•• crain• ot .ott, 

.. athere4 ohert. 

35. 169.8-1,9.0 7.1 
Sl1 tl)f t1lty, gray ol 71 tru • of quana 
anb•ttrou. 

36. 17 .Q-184.& 10.1•14 
it clay• ptroue, gra.nular, gn.y oheri.J tine 

to a, subro.un<led, ee.n4 raina. 

1?. 184.6-190.1 2 .• ~ 
L- onite · d etite (corroded) tra<JtiJ a1ltJ 
4pl it e ter qu&rti gr-ainla green thal 
tlake• l a•o • aor1e _ • 

$8. 190.S·lt$.S 0.086% 
llaok, ilty r 1 ue at elay with llicro-•1£ 4. 
euh&clral quart1 sle1 tt-a<) • ot oolloplwl1te. 

as. ltl.l--199. s.sa% 
llinor olt.YJ uoular, whit ohtrt with v tine, 
irr ule.r dolo . lde J tlnely xla quaria olu•tel'a. 



199 .i-206.0 

41. 

4$. 223.5·8$1.'1 

4 . • 

244.7-!51 . 9 

e. 

41. 254.8-861.$ 

12.?&% 
ggr &.t • ot porou • ptfUlular eh•rt with. 

p~orly define-d dula aldaJ hollow,. C-$ll•lll'trie 
ooli t · { 1) and oaol • ( t) 1 infrequent, tine 
&r in . et quart& J 1ntr q,uent, ti.n.e euhetb-oq 
l.n.4 tubhedr,ons ot quarts. 

, .s.,: 
1lie~ .. to il\-·ti••• quart.& •Ubhetb:on• ab-udanta 
e ll la.:r , tlte 1 _to 1, fin l7 x-lh, qtl&l"t & n•t
•orkc wh1oh &ppMr' to b tra6'tltlr•: till1nga J 
minor • &'f ~ ohl.lc · d.onio chert J OTergr-mht 
ot m.lero-ltla quartc on rt~nular, g.r y ch rt. 

l7.ot,C 
1 ro•Jtla. quarts eiltt aome laoy, • tiuly 

alA, o1 · oldl.o quart& a r•gateaf 
cellul r, wb.ite • ohalk~l ~ chert r an•ra1 
aggr tee or obalo donie. o-hert grain• en~ 
o lo •t in ld~ro-xl.n, quart-& _ -:tr x f 

1?.2$$ 
Do 1 m ~pUc and del · ldle , T tin . '11 xl.11, 
quuta olust . ra .-.d •iltJ aodef'&te aaoat ot 
sHnulv ( tine), c pari chert a ml or oh&l
oedonie ehert ( • above) • 

. ll.f " 
ero••tn, por&118 gtl;l!"•gat.et ·. nd tilt of dolo-

mcrphic d do1omeldlo q\Ut.7\s 1 ld.nor, mlol*o
?Jtl.n 11 t'w4rk · of tr t-ur tilling ·U&!"tlJ 
frll . uta -ot nonpor:oue, chalq, graaular c ert. 

11.71% 
1ft ro--xln, qn&:rt&c $:1lt-J tr-aoe of .&Jl tite • 

• tao'% 
v tin ly to miero-iln aveaat ani s-ilt ot 

iti.'Gd qus.ri$J arlhy. •il'by ol&7J pyrit 
tr ~ { r.: chunk) . 

20.46" 
lloro-•ln, dolomoldle and .. loaorphio q~J 

gsr ·t _e; ld.nor olay. 

$.9. 
· oro.•«ln, dol-maoldio ucl d.ol.Ola$rph1e q\lUt&f 

y angular :tre.pent• ot quvta; nor olq .. 



51. 

62. 

5 • 

· er L 1 

s • 

i • 

6. S% 
cro·~l.n. aodift «, *l;UM't:& ailt u.d aggr .... 

aa,te ~ minor • inter- titial ol ;;-. 

4 .14)1 
Dol-omoldic au.d o · llulv q,~'bs to ~ ilt- 11 J 
law . in clay conten't.J a: eoatt-er•d., mecl; 
quart a •u\)hedrona J rowul•t trapentt of porous 
a bert. 

• .. 6% 
Clay t g\llar tra . en 1 
(#lig 'bly porows ) ok•rt • 

1.6 ~ 
abGVes 1nor ehert 1 pyri \& tno• . .. 

. oullular· tuart• a sr•c•t•t ani 
l"Ft~YJ~umt• . ot po~ ua eh•rb 1 m.S:ner o lay. 

o.t~ 
f uel to · ilt-ait•, sln qu s olayJ a tn 
flark O,ol&rri. fr enta or c .pa•t • fin•lr r n
ular, poroe · n oua oh n. 

2 .~ 
· uh dr. l 'he ubnedral , q- · ts xl 1 olu•ter• et 
:ubhed.r-al quart~ ; gr . _ular, oompao oherbt 
dol Ql41o ri ft · n1r • 

0.4 
· to ail t• 11 gr•1at ot chen an4 quarts J. 

<lu-k celorad clay. 

1G. 99. lJ 

· · oldie ( . d eontaininc ool1t•t), 'lfhit ohert 
tt1 th inte · · n, mier~xla q\JU"tJ; atlts. 



69. Sl$.6-14"1,9 .98,C 
Dolomo1d1c • finely x1u • ctuu-\i aggroe at • u4 

,i .-1lt. 

60.. S47 .9-84·9.0· 1.2 " 
·er-.r flak: • ot el&fJ JldnQr silts. 

e1. J4G.o-ass.s .e 

68. 

69. 

. ra at of lUlh dr , sln quart:. t w . e · s et 
a.tomoldie, lacy qus..l'"tf.J tl ley. c llu1 
• greg te· ~t quarts. 

s.aa,; 
fl. y i puriti a; ailt •t anh ·4r•1 u.artta 
tr. pent J 1nh$qu•nt, cht.llty, oh .ri olit•• (7) 
or ins; in raquent olutt~ t •1lt•t1a•, 
xln quart • 

0.18% 
J>.wk gr y , ·11t;y, t 'la.lq ol y; iira<H~ of ~gn•
tite~ 

1 91% 
Ch lky.. ~hit , chert oolite (eonoentrie), 
tr e and elustered: f.Ulhedra1 to tUDh dr l, 
q-uu'bc al and clu _t_..•• •o :tter cl tl,eJtea O·t 
tr-a-et o filling tt rtJ. 

0,47% 
Dla.ek. tlalq cltty; t~ace of lilaonit J ~or 

o'Uat t quvte 11'\l tt-ac • ot a dark browa. 
a-pougy, c llular aggre at.e. 

a..f~ 
!hick · 1 -~ ot , .. ti l y 1lty et ·YJ tJoac• ot 
limon! · ·. nnd ma.petit ; t.raoe, ct O· ·11ular, 
b-YOWA ggr 8 te at :bo" • 

1.12 
·. ·. gn tit tracs1 ellghtly .-1lt.y .1&7 with .ilioro• 
t1 flak .$ ot ehort • 

•• 1 . 
Be atively pur, 1t r ·y ol&)'J lt.nl'te trao. 

0.40% 
ilty, y elay. 



fl .• 

71. 40S. ?·411.T 

''· . .11. , ... 1(14.' 

. 8Jlbetr L 2: 

•ll&· 

$.51% 
~WU't o 1 u..ters in. qu.rt.• ~J11t. 

···~ Jle.4 lf'*71 &iltl' clar• p•tite trace. 

l.te-
f~e ot bluk.~ Ulhedral m•t•ri•l .Uioh 
·ttltfu••• a 1ru1q •il,t ldel'o-a·tlt la u•7 
-olay. 

-~~-' leto-- ilt u gray o.l y ae a'bov . • 

··-~ 0.r&11«h_..ite, 811-b,- el:q •• al:rove with a 
tto4 ra.te · · · un~ ot tinely 4l:aa•.t•ted liao· 
at •• 

a.af1i 
\11\itlsh·• ·ra.f, rilt7 c;lay a:a abov•• 

,.. 4lv·.t-t.z·s.1 s.t.-
Wh1.:td.•h•;ra7, 'llloro•e11\y elqf aleroavopio 
aoeeetor1••· · 

n. 42·t.1•4te.o a.s• 
Sand e.n4 ~:ilt ot t h"Olar·, prlC\lfJ.tlo• quert• 
graint ho te4 'by micro•atb. quart&J •1\Ui·t ra 
ot anhedral quarts. 

?$. 42&.0·4&3.T !.92~ 
~led to eou-se aia 4, c®h.ed:r 1 ut euh dt'al. 
~uart.1 ~tlt (~netrat1on tww) and •sere gat·• J 

clq poll. t · {')• 

''· 483. 7·448 .• 1 lif ·. 
-be, bhe&rai t•r'• p.611!\e •net quarta •ur•·· s•t•• iD e1~.-J trao · .t coll~hanlt • 

J..$6J' 
~Y etay with. a chalky'; wh:l:be :teJ'ial. 

l.t)jf 
lr•Y ela.y. 



82. 

81. 

84. 

85. 41l.1·478.6 

. 8 _. 4'18.$--482 • 

87. 482.6•491.8 

88. 411.1•497.0 

89. 49?.()-505.0 

90. Sts.0-515.5 

91. 516.5 ... 518.? 

n. 118.7•522.0 

o-.a~ 
8r _ -, ld.cro-grt.nalu, •ilty el-.y • 

• ozt,C 
8-.. a.a a.bO'V with fin• quart-a 01 u•te_., • 

1.ea~ 
111ore•tiJ .4 al• fltt4 dol~ph19.,l1ke clua'tert 
ot quart _ t o . ortnoi4 ring .• 

~lfi% 
Jlioro-•la, Ulit"Vz til\ in dark gray cl•r • 

• 1 " S _ uahov • 

• lt% 
S at .bO'J'i • 

··~ Lt gq~ . ilty ol-&.J• 

.. as~ 
s . a-s .bove. 

,a · 
Jl$4 gr&J ol ·y. 

''*sa, ·, 
Y lt gr . .,y ol .r• 

11.106" 
Infrequent; micro·•l-•ect; tia ly pitt.4, nn4 
qataa tn white ola.y. 

UJD -00. IAlr( t} and BVOIIAI(') 

s. saa •. o ... su.e t~.ta!C 
V tin 9o ooar · o, · phiJrieal qllU't• gatu, 
1 tnit: trace 1 green aa..le tr••••• aoo•e•ory 
t;rao . •• 

94. $24.0•544.0 . • 02% 
W•ll--rou __ 4_. h1.gb. •Ph ·rtettr ~- ooaree -· tln•, 
quarta r btJ traperat,s ot poreelueo-ue oh•n. 

95. 544.0·•64.0 .• ta% 
Silty ol•y with Sap.-:itlo .· (.tn.er oaen). 



••b, :rMQl 

96. o-12·. o 

91· 12.0.12 •. 0 

·SHELt 0ANfO 

llSSIOll OANYOB F08ATIOI 

1•8211 
lumerout crtnoid riapJ p-ain~ et grlfi, 
granul.ar oheJ!'t and .ot ro ·'--. .. (lllU'ta; cla•t-ertJ. 
ot 001J101d:ie•l.ll¢e ebel'tJ c14JrJ aeceaaocy 
trau::aa,.. 

l.3:5f. 
Small ~nts o:f poreeltneou·s chert; 
clut.e:red .and tree ooU~es et c~ ehertj 
dol.cmorpbic ( ?) ehel'tJ, · petite Jpeckl; tn... 
£req~t fr&,:Jt:e.d sand gr&iniJJ r ; " -qtlal'tt 
fr: · , .· enta; oii'inaid debriaJ clay. 

· a.u-
oenr. .at p llaee in a tan to lt brown 
clqj traginente ot cauarts xleJ dck gro
po:reelaneou· ~het~ fr&pentiJ hematitre flecks .. 

,.~ 
F1nel;r di·. aeninated hematiteJ silts and ,. 
tine eand gl"ain in olqJ limQllite flecks; 
min~r gnq porcelane&t.l , chert fttagmente. 

16.o6$ 
le4 silty el.q w1 th fr ent• ot w:unoditied 
brown an<l red, ch · eedonie chen; eouae to 
fine and gnine. 

h-~-Kinor tossU debrUJ chaleed.<mic dlert tr eats. 

0.9~ 
Gra;r, Silty elay Wi t.h v tine, t ~eted aend 
.grainSJ ae.oe sorJ.e•• 

!6.87~ 
i:o.se, chille.ed.Onic ohenJ noro--graa, iFV che7\J 
quart;• tt. · gment$. 

1~·01$ 
Fine to med quarts subhedrons 1n· a $ilt. of h..-. 
'bite, quarts ·and elq; minot- m1cro-granular, 
grqish-br<mn eheri tragmente. 



105. 

lember- .MO 2 . . . • .. 

.8)% 
Dark reddish-brown sU t J intreq_uent granu• 
lat" cher\ rr~nts and ~z Jilt-• 

106. 7S.l-.9l.l . !.,3U 
·. Ode ,· ·t . to minQr JX)roal ('OE>liOldic ! ) c~ 
eheri ·. -~-~ atee} granular, ebalcedonie chertJ 

· ra-asU . d britt-4 tripoli (?) J silty olq. 

101. 91.1-99.1 .sn 
FossU debrie (bryeaoa) J minor oomoldio (?), 
porous cberlJ. cbaleetionic o · rt fragment•J 
brO'Wll fd..l t;r olq. 

tos. 99t1~1oS.l .-al$ 
one crinoid ri.n5J bryo~oe.j braeldoJO<l debrl.aJ 
g-ran~ chert tlake: J maroon, sUty clq. 

109. 108.1-114.1 •-62% 
B~ Ch1epod . deb~i ; ja.a;pery chert tl: · GaJ hem~
tite .t'l .. ekSJ traoe:s of OO!l(>ldi.o (?) o~ 
chert. 

no. ll4.l,.l2S.9 .s9~ 
Coral_, ertnoid". and b:rachiopcd. debrie J 1f'aX7 
red S:hal. ~J granul.N' .Qb~ . gtegat:· IJ s1ltr,J 
eo. e s~n chalky cbert.ft. 

Ul. l2S-.. ,..lJ6.; 1t07% 
J'lakes .0£ r~d sbal.•; int~ent fror~ted 
quar\.. · · ·:a1na; 1~ fragments o£ chale....,. 
donie e·henj lim.q,nite. trace .J some soft 
white . aterial. 

!~accessible 1nt-erv~ 1)6.9-1$7.0 

112. lS7:.o-l67·.o · 8.79$ 

!~:ember XC 3 

One well~Wlded.1 v tin· , t'lpheric.al. mqne
tite ball; Umonite, hematite, and llinor 
chert grain · 1n white elayJ flake• ot grqiah .. 
geen shale. 

11.3. 1.6-r.o-l?l.S ~9'$ 
Limonit J l t trtCY el -1 minor finely ~anu .. 
tar~ gray .chert fragment·•. 



117. toa.s-zu.o 

7 • .32% 
c ll.tdar, rdc;r~'Eln t~ac1t . filling quutsJ 
micro-n~ . oldie (laq) q_wata aggre · · ;tea 
and sut·· fragments of EP'It¥ granlll• cbertJ 
tr ees 1!)£ tine quart& !~ubhed.NntJ• 

OtO . 
~- v f1n • 1~. 

o.t9% 
Jliero4l:n ~;, bl ek clay- flak • 

u .. l6% 
Do· . ·ldic (l ey) quute silt ad ea . ~a\ •• 

ll8. ill.o-217.) 1).9~ 
Qu . z as ~bev• 'Wit OOm$ llh .. te, c · 

U.6l.% 
· abo~ at $l.igbtJ¥ m.ore coax-· : U1 

ol nake$ . 

. . 1 .• 37'1> 
Qua~ bGVef .~II[[ clvt-

2, • .2L$ 
.. llelmnoldio ®lQm~rp!".ic, · aey, ud.$"",...xln 
quart&J br · · clay. 

1 $6% 
Cl fl · e· J lacy Uar't$ siltJ l.im.Oni't:e 
tJt&ee·• 

6 .. 20% 
. inel3 dol~ oldie (lacy) .quarts; t1nel:r Xln 
~~ ahedl*ons to wbhedron81 minor -dal'k 
fir~ e·· ·.· • 

12-1+. 264 .• &27$ . 2 2 ~ ~2$ 
·La.cT quartz 

12$.. 2?$.2·-282.4 ).10$ 
Fluff)', l.t.ey dolomoldie quarts. 

126. 282·.,4-29).$ 2 .• 0l$ 
hagnient;s of eh;al.cedonic cher\f dark g:rq, 
silty clqJ l~j, ::ucr~:dn quart~ s:Ut. 



121. 293•5-lOS .. s o sn 
c~- , Uty el granular to cbalcedon• 
ic chert f'ragme.nta. 

ua. lOS. s-.310-.• o o 1r.8 

lJO. 

.349.8-3)4.8 

J4ed ray, tine]¥ sUt7 clfr'J limonite tr• •. 

o .• ·69f 
J'7agment:s 0-t granul.:ar t.o e · cedenic ;t.\ink 
chertJ ol · . quarts -nt with ~aent .ed 
~z nhedrona. 

1.18%' 
~-~ il.t; infrequent tin ·&iced, O·Toids) 
mtno;r olq. 

o.~• 
Cl.-J white materi&l.J tra4e l1mont'-·• 

2.79% 
Grayi~te cl.q. 

1.42-
Pndeq, nutt.r gr. clq) minor lacy q~. 

o .• J.8S 
!lark grq .e:lwJ soft, White, .athered chert .• 

o.:m 
.SlightlT ilty; grq el ~ : • 



.311 0. 311.3 o.v 
Pal. black . el Y• 

o.su 
Clq as bwe. 

o 9S . 
G · y s . OV~h 

o-1~, 
Cl. ··. aa _ ~; traesa of ~·~· i ed 
oolitic t eberl. · gngatee·• 

1.13% 
d gJ!I'-r elq; limeftit.$ tleekth 

l~so-
Olq as at) :eJ 1: ordte trac$. 

116. ~., .... 4J.h.9 2~165$ 
S as . · be-VeJ anhedral pyrl-&. • 

146. 414 .. 9-418.1 2.19~ ' 
Sam ~e abave; limonite traces .. 

147. bl8 .l.-Ja!t.. 5 8J$ 
n· k r gr~ el. ; Um.onit traces. 

148. 4ah.S-4)2.1 o.67% 
tiny l ~te necks in ·slight-ly silty elq. 

149. 4.)2.7•4h2 .. 7 1.7,. 
Pjrlte flecks in gr'ir" cl.r; v fine to me4. .. si·se 
frosted quartz and chert grains·. 

1)0. 442.7-h48.0 l-.83$ 
$lightly silty gay ()1 _ ·• 

lSL 4h8,o-449 .• 2 1 ~SU 
Lt gray e-140"• 

1S2. W-t9.2-4S4..o o. 9)% 
Sllghtl.W silty, lt grq elq; infrequent 
liimtait .flecks. 

l5J · 454.o.-4S9.o o~aL:t 
V $lightly silty §ztl.\1 -olq. 



l$8.. 479 ·2-484. 0 

· em:b.er . L 2 

-142-

l 2ld .• . .J!I 

Slightly :tiltT, gnq e.lq with fin~ 
Gi sem . ;ted h . tite. 

2.67f, 
SUty .Hd clq. 

).4)$ 
SUty re<~ clq. 

2.90% 
Hematitic, el ;yey sUt ot quidbnen•ional., 
high sphericity quarts. 

2-.tl:C 
S:Utt hematite; infrequent v .fino quarts 
graineJ traces ct f<t$tdl d&bria. 

a~an 
SiltJ h _ ";t,iteJ infrequent, v tine quart• 
gratilt .• 

).&8% 
Blue-grey cl.an infrequ:ent, v tine, quaM-• 
grains. 

9'·62-
GJ!ay cJ. •• 

162. 498.1•502.9 7 .. l.. 
Whiti-e~g~ el· .• 

163. S02 •. 9-Sl,O.J 2:. 23$ 
Dark grQ" 1 Silty clayJ outgrowth chert on v 
fine quarts; da;rk grq, ·ehal·oedonic ehert .• 

164. $10.~$16.8 1.51!& 
SUty-, black el_.} $uhedral qtt&rtz with pene
tration t'Wina; anhedral clusters of quarts; 
hematit tleckth 

165. 5l6.8->Z2.0 2.,3)-· 
Dolomorphic hematite t :o pyrtteJ li~te tlecksJ 
finely' ltln, enhedral to euhedra.\ ~- Which 
is e•n--oded by mioro--xln overgl'O'rlth=tl PitY slltJ 
accessories. · 



167. 525.J-53h.S 

168. Slh.S-538.9 

' 
169. Sl8 * '·SkB •. , 

170. S4B •-9-5$6. 8 

171. SS'.&-,62.2· 

1?2. $62.2-)67.6 

17). 567.6.$71.6 

17·4-. $71,6-$76~8 

17$. S76.8-S64 •. S 

176. S8h.8-$9l.3 

171· 591.3-597 .. 1 

178-. 597--1~6os .. J 

119· 605 •. 3-614.1 

0 9$% 
Siltq clqJ h«mtite to limonite traces; 
o®· piece cJ: ehalelldcnio eheHJ braQh1$p.:Od 
(?) debris. · · 

o.,,. 
Oi~ blaek elq. 

O.)Q% 
Same u . ,bove •. 

o.Ja% 
Carbonaceous tat'tY •aterl.:t. 

0-~ 
Same a. ·. bove, 

o •. as:t
sar.ae ... abo ... 

6.79% 
Carbonaeeaus elq. 

0.82-
Same ae above. 

O.Sl' 
.same e aOYe. 

o.s-
Oarbona1!'eous tarry re8idu•• 

Ow$2% 
Oarbon•eoue terr clq. 

e •. S6!C 
Same as .. :Dove:. 

'· ~d . O.vc,p 
Same &$ above; one· crinoid ring. 

·0·19% 
Slight13" tvry, brawn clayJ minor eiltt 
and. aeeeesories. 

1.27% 
Same u abeveJ moderate magnetite,. 



l84.. 63$. 7-639 •. 7 

1.2).1& 
s- -- -. 0 - J rate magnetite; on• 
crinoid .rlngJ on ee -- ae quartz grAin. 

1.07~ 
Bro - e- - enaeeo.us eley_. 

>~61~ 
Deliqu· $0-ent tarr.r materi · • 

2· 31 ' 
Bro e~ - d minor ·_ th ed chert (?·). 

ntmEMOO . - (?) ad DEVO -- (?) 

1,.76% 
a< .• . _·ro ted, high $ph ei\7, well-. 
roun -ed, quartz gr -na in silty cl,q. 

4. -92% 
Grq .silt w1 th infrequent frosted. fine 
qua.rtz grains. 

n.,s 
Q~ cl ·- •. 

34.-26 . 
P - ry, gray elq. 

17,?61s 
Slightly cl.qey silt with m.al'zy' quart graine 

beY • 

),) . 01~ 
.S · , -abOve but not so silty. 

)2:.$6 ... ·. 
Ooaree to v tine quartz grain in. aU ty clq. 



201. 7)1.1•7)7·5 

207.. 787*8-199.8 

208. 199. 8·809 .o 

lS.h8% 
v fine sand. 

1 •. ~ 
Darit grq silty cl.fl' • 

. 1$.0.)~ 
Whit.isb-grau, el.qe,r silt with some v 
tine ,uan.z grains. 

U.6. 
Olqey $llt with ed ~nd v .tine qu.-~z 
gt'! ' .. • 

)6 •. 3$% 
Cl"' and v fine · 1lt. 

'•·.89% 
Wld:t~-isb-grq cl . 

6.75'$ 
alightly silty, lt gray elf3. 

6.:a0% 
~.lat. gray, elayey U.t 1 fine to v tine 
q;uart-z grains. 

sit. as~ 
- · e how. 

B;£GBOD OOLOliitB 

l .2S. 
Blu~pv, v slightly sUty elal'• 

o.>2J 
S: e ae above. 

0.,68$ 
Same sa above. 

?wlS!C 
lihi ti .grq, slightl-y silty clan frag
ment,• ot milJq granular chen d whit · 
ehal.eedonic chen •. 



209. 809-~9.0 

210. 819 .• 0. 2.$S!t 
Slightly sU ty clayJ infrequent frosted 
fine quarta gr,atne .• 



•14'1-

CltOODfJ OBI' OAITf 

ESSIOti CAI'YO!l POIUIA.fiOJ 

18 •• , 17.8•90.1 

818-11 

, .· 

ITt A-8 121 .. . 1-115.1 

114. 146. -148. f 

1·-- - ~ 
tiol.Orphi:o an4 doleold.i 1 gtnul~ oh rt * 
crin•td ln ' brach1opo 4ebr1&J mapetlt• 
trao••• tl lee ot ohen, gn.y olay, silt ot 
qu.ar'ht and chert. 

3.17% 
toe ail trap.en-te j minor white • perc · lueoue 
Qhert a lt gray cla7. 

1.&"" 
Crinoi , bryoaoan, br ehiopo4 4 br1aJ gray 
ol Y• 

a.u~ 
Sponu. oomoldio {1) ohrtJ crinoid. ad 
bT&ohiopod 4e'br1 -• 

0.4&% 
llaok olay. 

pong, por.ua e •. ,_. J tmmo41t1e4, gP&llUl·e.r, 
gray e.!let-tJ re a •hale, ailt'y, lt gray ol y. 

£0~18% 
White cle.rs- trap.enta ot bh~al qua:rilJJ 
a1ltf ,,. • . 11 ah&l•t liun.1te traoe, 

$. ·~ 
Dirty •bite; •1lty olayJ qu~c uheell"eua. 

o.el% 
sr y, •1lty clay. 

0-.4''1% 
Dar, . gr· .y el Yl 1oft, porou cluter• of 
whit ch rt. 



aeo-as. 118. t-a-e. o 

$88-90. 119.2•249.8 

815 A 

s. 1$ 
&lrty aray, silty elaya bApeiltt• ot bud 
porou•· ohert. 

a.&a" 
h .1-.rph1• chert • Wllll04tt1•4, gPantJlu 
ohm tra.~at .• , dirty u.•1~ t1lty elar. 

1.15~ 
Vmao41t1•4• gr&JlW.ar chert fllapen..,•J 
ailty ela.y. 

0.7 .. 
Sllghtl7 81lty, cray clay. 

o.e:-
Wht te. gr a.ttlar to pon lanoou• el\fn. 

$ . 1& • . 
White, g~a.aUl.ar to poreel..aneou chert J 
JJd.D.Or i poFO'U. j gl'"Q111&1" 1 U4f Ch&ri J miner 
gray clay • 

. 1u 
Sort~ 4ol:oaoltl1e (1) ch ·rt, hard, gr11aulez 
grayS.ah.•8 1t•• ~1t1e4 oh•rb• a.nh•vont 
u4 tra·· ate ot q~a. 

o.a~ 
llackiah•&r&J, allty clay. 

0.1-
l ·laoki .• b;-pa.y,. t11ty ol&YJ iah'equeat hq• 

ate ot tbely poroue. wldtt ohet't• 

0.08% ....... ,~ .. 
o.t9fl 

U.d gay, atlty oiayJ whlte, 1oft, •r1.po
lit1e (T) ohert. 

o.Tt,C 
O:ray c1•1• (lAteral •aatple). 



3tf-t98. 30! .1•118 .• 1 

199. 118.?·321.'1 

4<>0-401. 181.1-342.1 

·149· 

I eOS% 
Jle4 gra.r. d.olomoldio oher'J ~ift•4, 
.vuulaJt A lt tr&J oheMJ quana c.l\lt· -•.,•· 

(lot r.oeS.ved). 

1 .oa~ 
Subheval '-• anhedral quar\Js blao.k •lay 
and ai.ltJ r•uct··• eh ~ .va.1.-. 

o.aQ% 
l otdth-~WA, tllt7 OUY'• 

o.a"' 
e: •• e.nove . 

406. $58.4-SCI.f 0.28% 
JToatea-oaat cr•7• ·•lightly etlty clay. 

401, '63.1-SGT. 1 1."" 
Lt gray clay wi'th. 1ntr que•' t :11t• . -1•• 
trLgme.ata ot quart1. 

408-..10. $6?.?-181.9 l . t&% 
lame ae. abo--v ·. 

411. tal.t-aas.a o.7-% 
Sl1gh:t1J a1ltJ , . d. P"•J o1•7J tla.-lrec ot 
<t~n -.4 qu•tta. 

412•1$. 386.1-400.5 1. 1&% 
Qray o·1A.JI btrequn lilt partie lea. 

414-16 40().6-415 .0 1.39;C 
S11ght1y 1tlty. gr·•J clay. 

41$•19 415.Q-448.1 1.1$1' 
Gray. ·ilty olays O-<uJ&at.cm.al ..Ueb-al 
quarts elue.tera. 



·150-

· 2o.-24 .• 445. l-4es. 4 a. ee 
Gra.y. Jiilty ol y w1 th tabhe~-al pyri t • 

425-ae. ' -· .4-46 .t a.ao:t 
Gray, a11ghtly ailty clay. 

1"1-$0. 69 • . -489.8 7.3 
Gra;y, tilty el&)'J lntt'equ:· at cratn;· or traa
unt. O· - p- :y oher 1 T r-tne \o 4 tuuta 
-ta1na. 

481•12. 489.-8•301.'1 2.$1~ 
-Coral f, or1noicl u.4 braoh1·epo4 de·bri•J 
flak.•• .and tra nt• ot .ray ehert 1 pyrite 
t.rae -•· . 

.aa .. aa. s~t •. T-51 1 .e 4.8$% 
Limonite tleeb, · *' olarJ ailt. 

sv. 511.8-520.6 1.23~ 
Flatt no ool1tee t· o ch rt; ·v tine quarts 
ailtJ ubheciral pyrl.t J o. · .ld.io (?), 
granular chert. 

418•19. 120.8•531.1 6-.4$% 

444-48. e.4t. -sea.e 

44 7-48. . 82.6-669. ·6 

. 1a 1,.- porO>ua. l1Mnite o nt r 4, olay con
or t1••-. tine q~t ilt. 

6.$.~ 
Qu&l"ts a»hedrona •~« eluat_.., gra7 ola.y•y 
tilt • . 

4.01% 
Que.rt.a •llh•von• and tllheclrou. a grauulu, 
41rt7 sr-r ~e-rt J •t.lt. 

"·'~ Jlack, · ilt;r ol•r• •••"•red, tiue xlt ot 
quart$ J tr o.ea ot •·u'I>OD&o oua . :terla1. 

o.e~ 
-eouee to v tine qua.rtJ., ia xla, lut re, 

an4 ;ra!u; bl ok $11ty cl•:v• 



4 9·50. 5 9.S-5T5.6 

465-5&. S8V.&-6t6.5 

45?-58. .896.5-609. '1 

459-60. 609.?-623.0 

-151 ... 

Z.() .. 
rao. ;8 ~t dit1e4, o llulu ob rt J tine 

111•4 qUU"ta and oh rt ,graina 1 g-ay silty 
clay. 

14.14" 
v tlaely dolCli.Oldie oaerbj poroue, gr.anulu, 
white oh.ert J · ehalc 4ol\i · , &ene4 chtn. 

12 •. 22% 
Finely doloao1dto, aott, whit ch•rt· 

'·''" Dl,.ty gray elay, ·· aor •ilt port10l.'ltJ tr·aoee 
ot dol0 ldio chert. 

1·2 · 
Dol: · ·· -l<lio or o olt!le, white o:l n (srhular) 
and oh 1cedoa1c chert, bl ole, ail'b7 ol-)"J 
trao or brown oom.old.le ' olay. 

2-421' 
· · o141o cl .y traoeiJ orinoid debriaJ gr-anu
lu, . · -porou · , whit eh ·rt J dark gray, 
eilty clay. 

0.58% 
Bl ok elay; minor, v tine· t1lt. 

o.4t»£ 

DIVOII.U( t) or OBDOVl OtAJl( t) 

1. O% 
B.laek, · i.lt7 clay, tragae11:t• of umaodi.fi d, 
va.nulN". gJ' '1 chen. 

l.EJ&n 
Ira,, a1igh'bly dtty- ol f• 



-162-

8IOS110D CA.IYOJ 

JIISSIOI CABY -. FOiJW.'.IOJJ 

• . \) _,. llQ 1 

211-11. 0-11.2 

.214. 11.2-21 .0 

216-lT. 21.0•$2.8 

220•11. 44.1-62.9 

0..28% 
frr11ieJ 11monitt•; 1ntr .quen't Y tine quart& 
gr iu 1 tiaely 4olaold.1 chen J l>laok: 
ol•yey ail't. 

l .S __ 
Collo.plWlit• traoe&J ohalc- floalo olwtt tn.g
en'ttJ tu'bheclra.l quart-a s1aJ tlaba ot ehert 

e.n-4. q\'l6J"tc J tin ly •ilty, gay clay. 

1.15!C 
Slightly eilty, dark u•1 ol&YJ iutr ·quent. 
t1n0 a.utl craiaa J ette poro· 1-.neoua oaert 
traptentiJ chalky, porou1 , tripolitic ohert. 

1.1.4~ 
S11gh'tly silty olay1 t"lab.Ja ot white porcela
aeous ch.er\J white oha.lky, tripolit.lo- ()hert • 

• 6151'& 
Cr1n6i4 ana braohiepo4 4 lbr1 1 'bl ok. silty 
olay. 

1.32% 
Whit& d ,._y; oh&lo•cloniO chen ln fr&g

».tS nd tl&kea J 4ar uay silty o 1 y, 
white_, eott, tJ"ipolitic o~ • 

• vas% 
Crinoid, eol'al 1, 'braoh1opo4 4 bri•J chalce
donio oh rt trapwn'tt.f. blaok to ..,.k gray, ail'ty 
ola,-,. tracet ot quart a clua.t re; white, spoBQ' 
ea.n. 

0.9~ 
Or1no1d utl braohiopo4 clebria 1 an~ dral quart a 
p-a.1ut mioro-allty clay. 



225-28. 70.9-Y9.9 l.M}i 
Same a abb..-e •ith cellula.r-llke t silJ 
quartt anh·Won J gr-anule.r·. gray- chen 
t!'agaeat.l dark gray ail'. 

817-29. V$.9•108.8 G.&a~ 
fraoe ot pyri t: and limonitet \:rach1opo4 
4ebri ·. in blaokiah•ue.r, olayey silt. 

U ;O•I2. 101.9-125 •. 6 1.66% 
Cr·irud.4, coral ? j u4 &ra.ch1epo4 4e'britl 
ehalcete.ie an4 grcular cher--t 1 quart& ah• 
betlront; black:, alayey tilt • . 

aaa. 12.1. s-1as • e 1. TB% 
Saa.. &.I :0.-re. 

814. 128.&•148.6 19.61~ 

Jloiber. :18 I 

Pyx-ite and. li:Mait . t-r O:OIJ blue-ar·•en ah.:aleJ 
4ruay quartz. elu.tter 1 Ghaleo4on1o ob•rt tra.g-
wn'\ttt ott, llhi\ ., ti'broue, leng'th slow, 
low•birefring ·at t~erit.lJ tlltaJ. clay. 

885-IS. 148.6·166.? 1.56% 
Agrttpte· Ql poorly do10laol41c (l••Y), 
miero•x1a qlitflria; gaa.ul:V chert tra.p.en'ba , 
black,. olayey a111h 

es.T-1·9. 1se .1-1a2. s a. n% 
Sett, ehi-c.t porou•· o·hel't aggr cat a.J black~ 
tilt)" clay. 

240-41. l&I.S-198 .• 6 o.1911 
Bla<)k. silty clay., 

242·41 198.&-210.9 o.-.1?% 
Blaok. silty ol•Y with on tine •and gnith 

244. 210.9-118.2 l . lU:· 
Gray. •11ty ol•Y• 

&45·47. a1s.2-aso., o.at% 
rragmente ef porou•, granular oh&l'tJ ailty olay. 

148. 2$0.4•214.5 7.1t.' 
Bl:ck, tilty el&yJ granular chert tragmentst 
pwe\la, • tiaely dolom.ol4le ohen and. quart,a. 



149. 

35(). 

251--5$. 

IGO•Gl. 

234.5-!38.3 

261.1·1·13 .1 

168.1 ... &66.6 

... b.,. L ); 

0,1151' 
lla~k, •11 ty ela.y. 

lllot reo&t-r d). 

-0.185% 
·alack, ail ty o lay. 

;(Jot r&eei"t$4). 

7.rif, 
Anheelral fluoT1te r tra.peni¥8 et oha.loedonio 
au4 grM'Ul.ar chert t &fta.y, . 1lty ola.y. 

~-~ 
G.r-ay, 11ty cta.:ra trapenta ot gruular chert. 

4.8% 
Soft, po""'• tr1po11t1c oruuri;J u• irl'ecu ... 
luly •aape:4 -.oid.e ia ure compao' graaulu, 
gray ohert; 41rty gre.y olay. 

1.67% 
60lllpa"Ot• gru.ular, '~'*Y ehe.rtt gray el&Yt 

246. sos.s-a1o.s 1.&$% 
Whitish•U y, ailty olay; fine to m~4. an-. 
hedral t .o . tt1bll$dr•1 quarlc .s ·coee•ory traoee. 

ass .. ee. Slo.t-als,e s .• at~ 
tllruular ~Utd po.roelu•ou; chert tr gmen'ta J 
clirty gr-ay olay, atlt of qua,rts ubhe.troaa 
and. euheclrone. 

!69. ·st&.t\•323 .8 1. B?% 
S.ll, white oh•rlJ oolltea (?)--cluatere4 
an4 tr••• clity olay. 

210•71. $2$.8-318.8 t.S-&% 
Pr · an.4 cluetere4 q~1 au.bb bo••• paroel
aneowa chert tra.snentat gr y, tlltJ elay. 





301. 446.4-446. 9 

302. h48 .1J-4SS.4 

1.:2)% 
po-ngy, eellular, brQlfD. clay trac.eJ v 

&il\y el~· 

2 :59% 
Fine quart• si-lt in clay; m1c~tleeks of 
limonite.: $ltd magnetite, tMme large anbed
x-&L grains or qctarts. 

l_.O$ 
· :rw1r limoni~ .tlaea; fin q:uarte aUt 

in clay; angular .fr·egment.s of granular chert-

'l'r · 3% . 
Limonite fl cksJ mic1to...quarts silt ~d. cl.,. 

1.44% 
8ae a above. 

1.33!1 
Limoidte fiecks; grq Cll\Y• 

2 46~ 
Trace o£ -limonite 1n silty, gray elay. 

~.09J' 
umea-cru. . lin\Gnite fleokaJ med f)re:f clayJ 
quart~ snt. 

1 •. 65% 
UJnonite .tleekaJ silty grfV clq;. occasional. 
rounded chert grains. 

l.kl. 
Py-rit: · altering to limonite; silt7 grey clqJ 
eoar: . limor..ite gxoain$, micr.o- iaed magnetite 
grains, 

).47 .· 
Jlagnetit~e,. pyrit-e, and limonite tlecka in gray 
elq; pink quar\m xl.: ( T fine); quart1 and 
chert aut. 

,.,~ 
Same aa above. 



)12.. 508.0-513.0 

-157-

1. ?·s,; 
t ots of ~. pyrite and l1m~it$J gr~ cl.,. and silt J infrequent, coarse; ·ub
r ounded ~; .J't grains. 

2.8)% 
Gray ·lq and micro-- quB.l"tz sUts ~~ 
limonit .. t1 cu. 

4.21. 
Lots of .tinely dieseminated pyrite atter
ing to liraon1t · in lilt an·d clq. 

1 •. aa,: 
Grq el · _ · L'lcl v tine silt. 

J.))% 
Bl~ clay And ilt; numerous pyrite 
fieok· .; an oeeasi·onal subrounded ehert 
tr~nt • 

. 2 •. Sl% 
SiltJ reddi.sll.-tan cl-.y-; numerou«S necks of 
limorii 'e utarlng trom. writeJ hematite-; 
mi.nor v fin to tine quart-a grains. 

2- 87% 
Pyrl t and limoni teJ chert QQl.ite-- J si.l tJ 
~ olqJ infrequent i:r.regul.arly shaped 
cherts; anhedral fragments of quanz. 

( ot rec-eived). 

2.46 
· te, ~ uJ.g.r chert tragmente in sl.1ghtlir 

clayq Silt. 

).67% 
Pyrit . limoni'be trae-.s 1n silt; oolites; 
zoned chert; intr · qu~t fin qu~z ·subhedrona. 

0 ,).) 
Bla<Jk, silty elay; oolite sect.10ll8J eluatered 
and tree o.oli tes of llhi te chert. 



!.58-
Clusters of quartz IlL~~ ·; subrounded 
chert fragments; aUt 1flth minor clay. 

0,76% 
Cheri and fitlartil graine or f~IJ 
black, . il ty elt(V• 

o.o7t. 
Tr&e'e t br01m, oomoldie...J.ike cl ; 
nu:merou$ chert and quarta cl -tre-ra1 dolo
moldic chert to quarts cluster_ J black, 
micro-silt.. 

}.91% 
Ked dol"- oldie and ocm.oldic 1 miero-gramU.ar 
chert. 

19~$,,; 
Dolomoldi~ ~~nd dolomo ·hio, gr _ ula-r, gr"" 
e~ rt; anhe4rons to aubhedron:s of quartz. 

n -4n 
V fin · to ere- -1·zed grains of d.l.rt white, 
qu.arttJ and eher-'tJ angular fragments ot granu
lar chert" 

Q,.)~ 
liolomorpbio (? ), granular chert; bla ek, oily 
m.aterielf vanular chert tl.akee and fragments 
of ~l silttJ blaek el.«r. 

o.:s:" 
Oomoldic.~1ke aggngat-e ot brOWtt olqJ black, 
s-Ut:r elcv. 

o.rb% 
Bl clq .. 

0.2)$ 
Dolomoldic ohert tr ee 1n blaok to brG1tll 
al . 



.330· 601.8-6o?.O 

JJl. 6o7 . ()..6l2 .l 

332. 6 2.1-620. 2 

333. 62o.a-62t.,. 1 

334- 624.7-6)9 •. 7 

135. 6)9.7-645.? 

jJ6. 645.7-649.4 

340. 67o.h-67L..; 

)41. 674.)-676-4 

)42. 676.4-678.) 

.l4J. 678.)-681.4 

3Wt· 681.lt-6 -5.6 

o •. 2tct: 
Same as abOVGJ no chert. 

0.19% 
e -s tibore . 

o.a5: 
Brown to blaek clqJ v slightly silty. 

0.17% 
Brown to bhck clq. 

0.33% 
Same . ov_. 

o.6t 
Gr .- c1 ·· • 

0.86% 
Roo chert {1) f'r tJ o oldic-.11ke, brown 
c grega eJ blaekia · rev elq. 

0. 4].. 
k grq &Y• 

o.la% 
inor oe·nre d black impuri tie in d gr-ay, 
-igh ly silty cl • 

0.9~ 
lfirulr ' anular chert n e.s in gray J slightl7 
sil ty eJ. • 

.8% 
Slightly $11 ty 1 l t ,gr - eJ. • 

4. 4>% 
Same a ove. 

7.8~ 
Same as ove. 

2~62$ 
Same as above. 

5.01 
Sil11 ol tf1,. dirty l t gr · in eolor. 



346-.47· 690.6-69).2 16,18~ 
S · ibove. 

D!WCNXAI? 

348. 69S. 2•702.2 69-.SS% 
Silty clv and grq- peen shale. 

Lt grq, silt7 elqJ lMl~rounde41 high. 
sphenoitr, hosted. quarts grains ot 
eoaree to tine size. 
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nat ttt• Jm:., , ... t .~~~~ Devoni•? 
·••w.wt ( al. . • d!:ri.sion 1/64•-). 

11nel.y rro.t~ HuDde4 qua:m ~Uns. 



s 

Plate v.tti: ~r L 1 .. thin wetioltS (plane liglro, x6S}, stained b,- K2Cr04· 

, euhedral dolomit.e rhombs (light) in partially d.olomittsed llmestone (dark). 

B~c snhed!'al clQl.amite ,cr.vstals iD eompletelry dol.omit18«1 limestone; cleer· 
areaa are. V"Ug8J note calci\e (black) outli·ning intnr.locking do~omit 
crystals. B:laok ,cift:les are hubb1es that devel.cp· when cover daas 1 

ied to stained sur.faee. 

~ 
co 
I 



l • 
n.• _,, 

. -~ voids;; ~ · p~ peticle!l 
_ -· .., areas: are iders~itia:t cal.cit• tt.f1our". 

a, ailioitied eal.~ite dolGmite" ol.e.ar crea.s are cryatalliu q~~J no\tll 
mcd1fie4 q~ bJr ~J gr.(f/; areas. &r-8 dolollit• Cl:Y~$ With inter
~tit'ia1 (blac-k) caloite. -lli<Jro partic-le· siaH are cll8.racter1atic. GL 
this~-. 

~ 
'P 
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• a 

PUte, n-. UMe~. J.; !• -~- -~tttou. (--- light,. .zaS) .• 

a, ~ to subhed:ral dolomi'he ecystals {~a,) from bande.d sequence: 
c:LeaJt area~ an leached vugs. (note inter-c.ryst.t c-Ail.eite;,. black). 

~ 
-J .. 
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