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.,. .. 
- I, c l,o llO.llico ..... .:r 01 .,f rUncu 

;m .,erJlom; identif1Ni n ( p ot,; raph~d the c~ , ,-11'.)pl'.ld~l • 

• 1arr.os ~U"Vlor , D JO ,ul.laco nd Ji 
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into1 tt in pnloontolo7 . 
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-r•lc1 n Jf i ·on 

Po: 'c. .:ee J.ncic. Rp ft . l • 

hae o:r.tcnde fr:> a loci; l. it • · 

t. o st r · e l : t o 

, ~Lion toe 1 >C&llt- ,n l s ver ree k l n •~ct•or l ~ 

1·. t 1 >-, R. 6!3 . • , l n1 ·'t'o; t Co11 ,.- . Rofl.!r t 1',cat ,n 

ap ; fi . 2 , page 9 . 

U l" uO'"(' re1sent rnv cst i .:_S!.2.!l 

'l' • s J•i-o le 1m und ,, .n .on t n att t; to .,:1cabl.i.n h 

f l ' Cl o t f::>r 't• o do~ · 1 :d 

1 t .: • N > , C · ty e bay: .:i t 

() 

The ou1t1; ) , co r 

w· thi t e )rd:n it;· 1 n s:r te • n:.Hs ::it 111 

or•· t; on '-'.it 

vic' nn un · t:; t!O 1 t tut:e a dc1 ' nito ~ )•1U·l \. ~, • 

tr.lleu ~tu of t o t: 

order to a~ta b L ab a dof l1 lt eolo 1r a e f r t a F rmt 

for n ion . Furt e ni vc · ..:. t 1Jf O l flh > a an the 

Cr,J.1 a c o I cl, eol > .;r 

lf'l.e l d ca l. R, q . Jf . e areo cl do 1 st1d 

1 (')t' nt o \; a Fr :, t for nt > , ld , of e of' t 

e st u ct who 111 n t d t ose c, pn n r 1tm,e r s . 
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t l S .t'l1Cl' r,f 1953 

lfro "l jun~ un t , 1 )twto e.:•. PmmoJ id ntlficat · n :i • d 

0.l r•r re 1eurch , · :·o co ,1 te .i.n t e l ab >r t 0

6U 11 

1 ihre.'.r'u- 'l!: hE> Unl, 01 1 s~ t r 0 l ul o ... t 0 . ' oto ,r 

It .c f'o ·si l e w ~ 3 . 0 t 8 oolo y d• , ·t nl: 

... t C en :ro d . t} f'o t d 

y the oe of tti Br· 1' n T e 

TJ a f 1\ut.u.1 wnu collootoc! .:.1· t e r· 1l d f ·, t 10 a· ffe!'

ont atr1.1tl -..ru :>hic !I, t;ti, n , ,nd io1os · te 1'osoil!J 

~ ~c u rre d were cur ::Cully n ot-, • r a i're l' ••ii; !'o r o.tlon in a. 

·•ou 1s~n nt , d'>lo U:tc 1.i etitono th1•0•1t?;lnul, t ,J w olo n1• •a 

nd the c oll e cti , • ·>f foti i l:: ls ext re,z;el y fil r1.•:_cult . ib,,n 

fC">~!Jill.re-r ,uo [T,() " '1(H, J.oo!l.C!)1'i, 1,1 C ,•()(•~ •1 s hl' ,k o11 \1 

t t h brun.nora u rnl t ho:i c c1Jn';· · ,tin,. ro:H>' 1.D or~ t ~tl bo,wd r 1r 

t .• ac~ •• n · 11 0001,·on n ,o~-

· stH who Wf.H'fl col lectJ.1 ircru l spe el ono of tlo fi10 

blu e - w lt.e cherl; fro t 1·c loc l · t.y . 'i'hi.o zo ;;;• 'Y1..3loe d .-:mny 

lf'o ni , 

osli of tho r ,,ssiln \'TC e 1• 'ht::<l fro t; o .r ,c G · n 

tl c l nhoratnr uo t n, n. four - o "td ~lod c n A yd:t• ul.1.c 1•oc~ 



5 

'l' li:n ooct • > ~s ·e •e r.1adc :;f t; o bryr.>zrJc.n:i o a cor"lf1 ,. n 

r,soible . 

u:-l ecac ·ur t, o.':o caatt· :.>f ,an of .ho :)id fo1• i.dont.i 

flcat,ion . 

:rwo ot oda of ta.kin c, it~ vrn.1•0 1.Hed. 

ca:.;ts b-.:r tl c .1'1'" ,t; et ocl , o rot iece on o 

rn i1lfln 

hite i1Icc e 

">f' ·a1•1• i)ontul ox r.tlro softeN•d t otl 01• in l :;I; wnl.o.r.• ~2 d 

kieadod to lve a plnk col,r ~:) t e rvs l~n~t ~uu . T~I~ 

fl$3 · a prosscd i .;I) . e ol ci : i le nft nnd I l l.?\Wd to 

tn"'dri '!' i!l i :l q;_ C' c! t )ci (Jf 0 tn1nin n CO:lt 

,u d llO H dd1t1') !\l ,. e. tn C t () cn·,t c~ \J~ 1~crnoftcnod 

and t '. mtorinl 5er1 111n. 

e>rnoner,t. cunt m.. ad fr 1 t e olds 

.of a 1 vtex r1 l>bar c<, tnun • 'l' c l:ito;; , no n li d 

Jl tto b 

;i-:;re layera ,f,l'O ap l'ou t ... ,fu E . 
' h 11 to ittt '1.:,. J 1 

wun I; e t n \ t, :>f t e.o lny r ";;O flll 0 t o 1a. 

ed f j) C l :r1 to t J te.x .,.::, ,1 .. at,r) tl 

-· l to .. 101~ C ~)t tl() t t ·t C) li1 

,d t , e1tt ' ls for- p ,>to :ro..,hin , . 

11s 01'0 ,. h r,niu, Ph) •• 1< e 

11 tf." obtnl d C C lor · de C ls 1n 

i vr X ln tl tu 0 ~ l ·n t~ 0 t· bo co 
, 1roct t e f• s ont.~ tl fc,. 11 . u u o; .. uo lso t RC 

, eed ; ? t-• wb•t"" 'n ·l• , · (;S' ½ m •·'1· t; t ""• 
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r I bb on undernontb o.n lnvorte:d fur,nc, I. , , :. J:"ln t.n, cl . By 

dLrected o to t .f oss · l . 

lcr., n d 12, 

. 1oto r n ed wtt t;l,e /i.r1D .... j ,t ~u· ,wn. i ~:,njurw.tl Jll wlth 

t o .,oit. vr ,l >lUX ir: r):'.l o o . 
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emhaYI!lcnt ~as nde b 

ond T . A. Ke ·to .2 
• rr-uinorcl . • L. UOl d:·1in, Jc>. , 

l' • • L ,>Ve1•1n 

wco for tleu >r•o:.1ont l t c t,·nt.i. r1lp y ln c n ,rnl 

c.~1or.1to . 

. m l ~l~ >. J . , •1r•lun ,John on , li- in i, J l t ~ 

P leoz;lc ntratl r rpny of Calurod o, c , llod all ,rov1ou9 

co-rr-e1atod t e sub 1urfncc "'Dcks of e .;ter "'(.)] ori:H o norl wot,t -

l'OC r" CrD i :>Ut r., t ront a e . 

ul ,C.,.. C, 6 ,t:ont , ·:"11.le n 1tud;y of t o 

o l~idoc t A ra 0nt 

r~r ution i tot ·o 101•!:l . t e dul>~ita e or I d 

2 er i , . • . 
"'i' e r - c t1•n~i 
Col :>t•odo , 1 B • ~s::,e:. 

,'..>. 4. J.1.3f. . ~-----------
V )1 . L 7 , 

3r . i ,i . ln i:;nn . " au 1 )1' 
U·wo ~<>r t , 1 r o 

('l' . ABSOO ) 1 
. --

r .l Gol ;l·" 1 ,,• Bvl }.. 
• 0 . 11 • • 3 ,J=ltl • 

4 ,I • nn fl"> , ul o•.>'c ,t v utl -
AP y c>f Co di'.>, ~t . 

o • .3, l l 5, 2 - JO . 
_________ i>_f ___ , V > 0, 

5.1ohn ' re - c 
P.nn e o 11 

39, 
J s vnntn 

ijockn alon . re . 68, 
;1.950. 

''f,"C l.., u ?I· , ~ o- Ht· ,na , 
__ _ _.,.,::!C..,_'"• A>1e ,~ . Je .,, -, • ~'-: , \rr,,. J , 

34-36.S. 
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r,,r each of t1'o two ot11be1•s. 

In 19~;!1, Tho Subt:0-:1::ttt.c e on 0'" t0 11lcliu . LT''ll..l l"':lphff 

of tl r· Nnt i.ono.l Resell ..-•ch Grruncll . 7 publl::;nocl. a cc,1·1,0.Lntion 

tl·v chrwt e.na ls cii~c 1:.1:10cl by 

tho c.o'll.'!litteo . 

;_ _______________________________ _ 
wenh.>fe l . et nl . . •• Ordc,v; clan of 1 or>th A ,or-

d.ca , 1 Enll . J (' e Go,lo lcut-:Iocietv of Arr.eriea , Vol. 65 , 
uo. 3,1754. po."21i?-29B. 

7 
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CIIAP'I'Er. rr 

u'I'R.A'r 1 G:lAl'HY 

'l' e Fr e~o11t fm • nt;i,:, ts o.ss·ve bedcteo a"l.d .i.a n 

clll'f fo 1· or ln all :1octton · ,: or o it; i5 or.po ,od . It '\lnri.ei1 

in tc.xtut•P fr., a ~ rnro ly r•n 1ul ,.. t"o l o 1.:1: to o ver fl o 

r,r:.iin1.Hi dol'J · t..:i . :'ho bnso. L po ·;' o of t o f n• at on io ~t 

t ost p l llC05 0 I'Oddisl\ col or 4 lo t o 1. > e1• at't · r. tt:• t1J 

~l, t ln.1.ff . A uo l o:.l.1t1t: ll ale of f l "\.1.~ to oi :tt; feet 

tl·d.cknooa .1-o p r a£ont noar t o t<>P · n co o O(•t.l."Jn' o. d nort. -

t:hert lo f'oun in tho frJr rn.ti:, a.lo 1 b1 ddin p l onos nnd na 

nodul eu . ;i'he cnlur or t c < rt; 'i.a 1uo - \r' lte n o ~e 

o.n nnc130 do c1r'l t t ar o :.ibundrmt th ro 1 

uut: t H f'or :in · -,n. 'l' {1 for> ut o ,:out;ho1.•· ~r: •.o o ve:r r iu ;l 1 

pitt ed uur•f~tco, aptly tor :.ed '' teor-n nt:;' u~t1i, l"l n b t e 

ot udc •l;e :,f t,hc CJoc,1 ) ;y ield Ca:: .P. 

nximu t c' ons :,f t: •o J t t ., o o 

Colo na Br > • trnvcrt · o qu r.r or.t 

• " .. ( .:'lOC . l , T . l . . vO ty) • 

1.lJ.o >i n t the f ,r nt o decrouseo i t ,.;.. 

10 

r 
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· s c'1nn .e in t · clcnco • n 11•0 n·,1y a o t, ,re - lvnn· 

'n •EH•rs to be t o res ll. r .1nlo.p rr- lat nshi )5 . 

t t -e e )Cl nl: .i C 

'tl o Nlovicio.r, !lardi 

for utio 2 i3 ir~e l~r i t e acc t·n ~ s , Lh a d ,e tor 

hnnt:o canyon . l~ ,.rtbM1st 0f' PlHll'tO~ Canyon tbc contact; 

n· HH1ra to bo c >nfor :-..blo . 

• .. d t o Fr•e""!'.>nt a lon J i l 

·;t , end also ~est of -0uluh in C ,. Ler 

oud: an Creek Gunnt -

10 , ;:ic t r, .,,:,rt~ th:.o ::uunc 

.s · t t t; • on > ,unt 'l' · 1 t n , uls:.> i Cunrli m, Count . 

s o .. s t; at 12 - J4 to •t '> unq o ti me s duto o i 1t :r-

:VO e.s b t; een t es f> a (.) s In soct ) :J 0. 0 )rt d si.nnco 

fo t 0 13 ,\ th cot ,: d t' co --ludo., t t .. to ro ce 1 0 

l)\U t • .:..lto nrid D od ·•n (': t'CO : :.:iect1:, .i.H duo ~o ro - 're ont 

or,:..· -:;n ro.t er t on to no - depo9ltton. 

0A •• Brat nord . ot nl . 

9J . 1 nrlan J.>h.nS)n, 
btmate 1 ", uolorado , 1 

PP• 303 - J ('L 

oet , 

.£E?.. C t " , • 3'}6. 

Strntlgraphy of t he 
,0 • oc . A orlcn , Vcl . 55. 

P • 2".)7 . 
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In Prle nt Cnuy·>n l;bo f.'rn riont :re!lts on t1 e yellov'1:sh 

gN1en s 1alo:.1 or t e uppe:i:• nrc.Hn an t 11n c Jntnct is qui t;e 

11 l1•re ul nr . .A) thou h nl.!ott, 1 s orl 1 ol deoc.,.lptlon 

of t a ard ... nn F,rai:iont .format.Lons plcccs t ~ SJ ale 

mnmbe1• in t e Prc.im-mt , 'ol l o.ck , 12 :indic~too t; nt: t oh le 

it, lltbr.,lo ;icolJ nll-u.l: 1• to o!;her shale i t e ordi n . ,d 

th~tt t a r e 1s no r on~on for plac1n it w·t t o t'ticl! ctir 

bonete l'OC ts 

13 T tollhof 1 et ~- . . in t e toxr . ncco·npnnyin th f' 

T e H».rd in rwna:Jt") (; of Col · ro.do 1-' ovcr-ln tn by the 
'F1•cmont 11 estooe , n )pa.1•e tl wlt o,:.it ntrati t•r1phlc h N12k , 
nnd lt :Is 111 -. mro r nab la 1-•-,?·1 t :ie un<:!o1" 1.y111. ·n•ll to,1 l l e~,1,one 
( 1:1lcott , J ,~) . Klrk {l 10) asol 1nod t; c Hnrclln t1tmd ·ton e 
to ~le ..1.r«n l,v ., , iJut , 1 !le !'1, 1 t can be t'>hotrn tbnt R sl; r nt;l -

ra pb i c hrt:•a k ltc:=i a'brJV'-' it , l'tc>.hofel ia oft. c oplnlon thu.t; 
lt io best r•lllcd w".-th tuo ovc1·l..,in P.rG 1,,,t 1. l1 osl;o .o l\nrl 
~on1>ldored tho i itiol de po.; i t oi' t nt f-:,r at io :1. 

Jn :raf rt:ince tt.> t e ubr,1Je , .Poll c 11~ has s om.1 chat 

t 10 r· uno ,r t o ardin nnndsf;o 

nuna ln co ljU.."lcti > wit:t: n lar 

i ·ni n , 

co odont n~oo bl ·e . n 

--------·-- ·-------- ------ ---·-- -- ---
11 

12 ·' n [' J , t ud • 0 r t C 

nndstonc _n t o ~ Cit nl, t , Colo re 0, 11 Un ubli: ·he d 
a tcr of ~c·enco : ~ ls , University of 1 lab~ n , l ~Sl , p . 11. 

l3 . r .T n Jfol, 1 . ~ "Co't• n o t Or ) -
v c D I JT' nt o ,f ort eric. , 11 co l. ~t JC . A or . , 
Vo1.. ->;,, o . 3, . 2rl. 

l lT, ,1ro o '>l lnc , . o • c · t . , , l · • 



l.3 

of 8 ~rctinr 

n.; vo · • lo o Cha:,;v -,r e rl 

1s mtennble r. , t m.itho T' • • It .is true thore i£ o bo.a · 1 

Ua,..li · n ~ nno tho Fror-,ont . c :•tainl v tll? d ff.cr~ncc • the 

lit ho lo y •1d t h o very e.rtC\d 1 lffere nce !.n i.;ho r~u nes of 

thn tr10 formation:; ind1c i.t':, a llia tn::i o f con elderaole ti o 

re nor t; . 

Overlyln oc, o ~e.;., · )' '~ of t c Pre ont fol' at· on in 

1<>n rr,r "'t · .) 

Le n l ~od it · n t 

{OWOVO"' , 

t o 1ll1a.nin Cn , ,; l :,.,el • reo :nblen tl r. PfU't; · n ro mt; :.m 

of kn~wn novoni n 

'>n the bt s1a nf s bo ur-£11co w ,r k .in sou t ·w ustAJ'"l Golornclo · nd 
f 

har 10 hoe co r rolntod th a Ll lio~~ Cn1~nn 

with t h A Sl)C r gun li·runltori,# ~i1• f;l,111: .aJ'.'oa find pltlced l;;l e 

J.llirunn Conyon 1n t!le n.Ld o ? lsai ::is.i. >Pi!ln . Aa tl C'l"O .is 

pl> c nc rete ovI <lence fo::.· R or ' s nte ,.pret.at m , the il l La s 

• 3 7- 3119. 



CRr ..-on i fl c1>n ai11ered h 1}:t<\l • 1u1 J)evo ni ,, '' ,i~co:-dtng to ::. o 

ori i nal ctescripti?n , 

J.'hc c.; , ac t bt1twu o,1 t o , ll i a:ns ,:onv ,n £or 1at i m 

· s found . 11·.i.es t Cm1yon an t o f3C o 1 

oo rnrdccrn hb l o C:roo r f.l1 ,:o t ct b.-.tuoc th~ for- ".10.t · ,n~ i ll 

o·~L1· d1sce •1i..,1e . rn ot·or oeot·'J 

t· ,o tv:ro formati ~"l!l Lo dU ' f'i ~uJ.t to loco 

,.. cn!'ltuct; • ctn-eon 

I nto s ovor lair. 

'b the v• 1r- icoJored 3 ales ;f t 

'l' i · :-e '!.!l ·) L.i..P 1:! r·, .. ,l. t o r e:mlt ol' rau lt!n us thi.o 

:Jecti on .i.a vor, c1 -:,se t; > ., ~e n•n•r.hern cu• 1 >f t ~ 1 ",... o ct 

•·,,1.1ntnln •1 fuu It: . 

Tn o•·t of t;be 1e •· •ni 3Ccti· rrn in tho O'lO'' · en!; 

1;lie ··ro ,0 n1; · s o .... crluin Ul"l~onr,,r • ... nl)J y hy- tt1c t h ic k •-t<H1u.:-ncc 

,-,J.' r&d tt l'kot1.i c :-iandal,f,nt,:;1 r,f t ha .Penn :'lylv ..in1ui , 1• o ·n tal n. 

ft,r s tlon . rhe e on tnct 19 vt;r•y ,irrtlgula.r nn<1 ,is most •' ·, u 

t ho bn n!l con ,lo ornte f• l,l e P , m ... uin i · typ l fiod b 'fTOll 

:,:<r>Undc,d , n.i ~11.y ol1 .; o yo lJor, quu rt .; c.:ol b len . 

J. ~ er · J• :f•Jl1.'.J'l'f t e d J01 i. 1 o cf l, e l r. >nt 

re p .. o ontu tl-- ~ J:1ente t .. t o 1.~pso ln t c ' .i:.ito :, Qf: t n 

cr.:i' "YTC •rt . No rc1c!t3 of , i l 1r • n.11 e "e , o i'ow of q not· ornb le 

DnonJ. c a d o roe't · of .i.ss.ico.l.ppi n a e nr · P.r"sont 

With.in t he o b:1., en 1r o per- . 'l' li.O cr;,:3!,0 al or· 0 ccountn 

1'o:t·t o c e • t c:no · o oftle ro o 1; n :.u),:l lo·0Jlt.l~1 , 

:mo it, ~nt. r :1~ve.! .r.o~,nL ctcl..v l.n _ _. ... e eect 1t.1 ..:. The 1·RUJ1Ul 



f()CU.ils 

co sl SC a nly of LC!>id )C )')lU8 rl') . 

Jr.oooroo ap . Twoo f 10 TI1 Qcctr o l .\ t l p e r pn l't of 

t · o r·e 1'.ll: 1 tl-\n t '1 cko r :loct i.. on~ .. ) • e ti J.,;,t'. .,. 

Pnlo, n olc t l e end .i.t i_c; bl hly poss.i.blo t.h•1t n tl-i a:- a 

!.101,Js.i. .. 1 1 l')f t he :H•~'ltl. o!l by n.l•tp i s re"p) 11!'iblf\ i'')r t h e 

r>olo t1~ 01 y thin oe et iJnt1 . Er-:,:.1irin 11as ;,i.luo r '>'- 'd o·r j>n s 

or t~co e ~hlnner , ct ons on ,ociully na1r t 

l'har,t, Ci..nycm ,:rhore th Pount:-d.o .for .'.!latl. ~n rests cllro · 1 ' 

u:oo 1 tile ro - r,o. ::1br · an ""l' ini to . 

... o .ll t'\olo ITT' of t 

e~cept1n t c t i or so ·1a ,•11:1 i the noc , h a~ J .re of t' e 

t inner 

-::octJ n 

tain 

car o~n. oilty rnatrlx , is >reoont ear t 

ro :1"' l:i ) . Tt I s .; , :1 .'.) T'3t•~ J"l CUr tl ".i !;1'1n b1Jc.1 1 

f!bDut 32 foot of I; &et ' ?n . llnthco.ot; , f S"lt 

' n ':; ~r Li ;m .. t • )( ecvor Crook ac t ~ .; i 

µn t D lo .or· it.! t, 13 rec. ~ft Fr ont oro 0. 8 

la ,1 :> ito , c.! d loc · .. 1 t ·n snndu () e lensoG R l"O pr 

Ir • 0 c · tt.atio r- • .: r. 1e s r f' ;, r.:1 e\l nco t ot; ., 

.1r t • •!) ( ) t fr>r ., .. L .,n 1. t lB sron w s re • lt 

P l-lll - t 1or)9' 1!• • 

,h?'O ~ 

C"n 1 ,n 

the beds 

~ 

SC ~ . 
<'l cs · t 

,r 0 lao 

on 
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Swe"}t 1 { ho:, cUvld ed t:l e F r el!lollt fo.:"rnRtion lntr> two 

no'.'llbr.::•, with the tyi> e loo lft y J n Pri est G1!.!l~ 1>' . Ho >nnke::1 

l;h:i o div ls i.on '>n t h o br.a l D ,!' tl o fnuno o.nC4 J.1t h olf> 61)", 

OPt ~,; , ,! feet fo • t lo JUl' 1fl os.i. vo clo lo .i te nnd 75 feet 

i·o r tl1<: O\ orl. 1 

it !I ?!C.SBl VO 

ebnrn.cto'?" . Tho ovorlylnc; Prlc it Canyon 1• bt.::l' ia described 

as a oe<1u~ ce n o.r tlln .. oci n , line - r oi 1cd , t 11 - bod ed 

d oio '.'!11 to with n :!.'ive- !r;-:Jt J.r1lo nlt 1c oh,le b cc1 c .... 1 etitutinf" 

t o b aas. 1 u 1 t • 

A dhislon of' the Fr e ':!lf,1 v o r• tl e br:..;.i,n r;f lit ()lo gy 

d >c,.1 n :>t sea 1<.rnsible , ho we\er . rho lil,tUO bed t nt :.>woet16 

do::icr:l.beo os the b · snl ix11t is lY>t rese nt in t l a Embayme?1t 

in 11.ny sect1 ons exce pt; t 10~0 o r l" ie st r. an yon . .,)r, 1t ri1 d 

:North TTrin .. • w~ot 7 9 a l::,o i :uos ,h n.t t 1,' strntu tibovu 

t h l!J s h 2le bed ni>e ?! >t 1·m· , forrn:l.life1•ous: h t, e"er , cur •i ng 

't :i.s ,·mdt ttb\md nnt r >!!silo v. re 1'~u11~ 1 i' nr the tcp of the 

fo r motio11 , in t e Prlo.-t Cnnyon., So:.it ~ d ,r tl T1•,.in t . 

~octl onfl . At1 prov 4 r,ua 1 atnted tl o oc.c i, · , :s c.>rt doet of 

·--- ·---------------
17 

i e o t . !?.E.. ill . . Ji • 29 5 . 
18..;\,oot, , , cit ., • 295 • 

• 2)5 . 



17 
1hantom Cnnyon c,.,ntn.i.n u :tnunn t rou ;hout whi h 3 cloP•Jly 

relntod to tl t oft e u,vor port oft rio :lt Cun · P. llorth 

on« o th Tin t . 3oct1o r c o interpreted to ttnn 

t ( t t; lo ,el' port.io of t e !i'C'O ont;, !. . !. . woot 1 s fl~Hl.i ve 

m~mber , wua riot deposl to( 1n t e uroa n >rtheur.1, of' 1 n.nt , • 

C nyon. 

/.c~ordinr to wcat 20 there arc two 1ro lnont fnunnl 

10,..i ·~o,1s l n t;ho ro ont , ,ne nt or on1• t o ha:m of onch 1' 

to me bora tbnt o proposed . ue otnto3 , 'leceotacullteo , 

J d nt.1:fied t:ro t o tulsi vo 0:-.1 er in no:1":" Ly overy oxpo!H•l"Ec' 

t co"'b no.ti.> oft c-i:, fo· i:; r.i.a~as t ls cJl•lzon 

n ,ronl ont o• o i t e Pn1 oz J. c nect m ,:r <" ntral ,r,,101" d ·>. 

'Rhmch•-it r ol'!ln { r,epid >, 'c. 1_~) '! E.£...~:..:t;..=-=~;;; 

l.n t o n!Owai iio u l, 1to 1 ticct1o s nlo 

1 nC>t u <"> on 

~ o ront Rn e , 

o'.'ld 1 s pnrt · culnrl nbut nnt om .. ,. "' · o-po:-t on uf t o 

eel on ~ll , sot of City. 112 1 

clusions r elative t~ in ruunal divisJon >f tho two e•hor~ . 

dontl1.'l6d f r o n 

any ot;ho r l ocr•ll t!f in tho ambn•1l:IElnt other t;l an t e pee · 1m 

ill s e ction r.n there .it occurs bo 

20rbl o. , p . Jv . 

UNIVERSITY OF OKLAHOMA 
LI B R A R Y 

t 

oted 210 foot nb0ve t e 



JUl tl bo w.i.th1'1 wh t ho consic.ern t h A Pri.e Bt Canyon o be, . . 

'I' is for I' not col loctod by tl e '!11".i tor in f;"o nr fl no l"'t. .-

o st ,r . ont ., ca•1 o 1 , yet :3w ec c m:i · t,r s t 1ono socti .;1~, 
to b ltJ!l J t 

1 1,; c S; .. t nnd Jr;r 1, 1'Wi 

co.,.,our1nuo ic nr us \ ll U.ngti) l'J'1.:i.ch 
2t! 

weet llst::::. nn JCC'lUl'I'l t 

Mld ltl o!lal gonc :ro and spoc:i.<•~ nc,t in tho liots of 

wrl ter \;, c., ' Ctn• · n bo ,h up e r end 1 ooe r 'Frc-ont (re.for to 

fnunnl c,hn r t , firr . J). 'l'hr. e,,.., c1tC1 ~mcon ( at-dt'.lc .. m} , a 

co >n or n tho up er port o f th F r !l ... ~n t in t ho !.,outh 

iEl!l ort .( in t . ,1nd 1·10 ~tmJo~ ncc tiono , is nlso kno~u 

fr) t e 10-cnlled 001~0 mo uor 1 t o pec1~en ·11 ec, -

t · on . ro ~nt -o 0 of Le 1.lo oo . i.O p:roa ont au cn,t 

1.0 I nh1'VS t e eo of t e ,out:h 'l'!."f1 n f,, 
V • sect lun nn th'ic 

a fon i nt at t to oft 0 for~ i >.!'l in t t ort h 

'1't: n t . oocti , in w nt tlvU l<-1 bo ..i ,€\et I u t-1Ern": Cany ;in m 

~or . i om.lpl r : p . and affor•d~h'YJ l U'lt [; . nrc known f r 1Jm 



l.9 

t o dolo i t.il.} a .u.1o bed w· icl :ta c )noioored b Sweot us i,t_c 

bn~nl w1it ol' t, o Prioot Cnny:m e bcr . 

'!'hE't p.rocetl1.n evidence dNH, ot eeroe 11'tho1 f'J • c~l J.1• 

or 1"t11.mnll7 vith tho :l.i.. vis.i.on o1' tho Pre ,mt f n· atf on .h 

23 t\Vo tom.bore o.s m•oprl!;ed by S eP.t . .1:hore i !i u dl!'ferer•ce 

111 tl 1e :fs.1.mu of tl,o lo •..tr Fro n t fro tlai et of t 1e uppe:r , 

'ntth t"'lo fo r ::i crhtppiol' t oco,..as ~:p. , Llchena1•.i.a . . :lnd 

Pl ae:i · o::zy.s subquad:ratue ~ent nl i , ( Lt•clc'l) con.fine<\ to t e 

fUlC. 

;;.nrt ems of tl--o ~01.• · ,l ,n . 

nrt:, -:>t crmtlnuouo t'hrc:,u h >:Jt the e Jf; ·ont end it ould bo 

d.i.fflcult to ootuhl1ch ft def"~lto ~onRtion . The occurrer.ce 

)f t, e:h) :!'o,., dio 7\0ot· c for:1'"' doou ot coi cido .• th t a 

v.o mtir,n su ---eat:oci by .,11eot . 24-

The di vis rJn of t' o 'l.•e ont. f<>r ~ ti{,n lnf:o tho nooi ,o 

olo~ tc o bor on tt,e Prieot ·an"'on ~M-bor ts Po;> >C.cd by 

~nltor C , u eot 25 1· cuno1dered invali< o~ unwo~knble . 

~3sw~et . QE· clt . , p . 294. 
2 ~1bld •• P • 2~$ . 

"5 '- Ibid ,, p . i..84. 
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.i.~ typlcol r)f depoa.t ti;; on u str.blo o ,c l' () · .:wi •;o 

beddin", rrne to oc ·u to con~uo c •tn1l1no te~ture, Ma~o ~ 

fe• tui·<rn of tho n.'o nnt fox :.\ti n ra1·emblo cl,)cel:v t 1 G , 

cr.i.pt1.on ,1 u :.ir .a). a1·~ o 11 o:i .. 0110 w lie• .i.o . r, :.>O!t;c, in 

n otuble sholf onv'i.:rott'TIO 21 

w 1lc 1 t cluces co Pals , t,.r•sozounu , ,t>lluuko . b1•t1chioµ JU3 . 

ot,t1·uc >~s, und tri.lob tcs , fl c nslsto1 t wlt 1,1 o bi•)lo ;1.c 

;it.;r3 bu\.e:.i ,i' u ritubl• st-olf onvi:r •<>l1rrr:,nt. 20 Tbc, 10 t>!' un.:.~·.ms 

m•o i 1po1Pt: nt uo tl oy infh:.onoo t 10 µ ·od..:.ct 1 c1f NOdl cntnt.l.1 :,, . 

:;l olf 

l:ttcru'!. and nevi t t: ,-. :>"ft 1 vi' oro t c t'tH~.r.e::;t abw1dCU1ce f>f 

n n r.or , r •. a.llo t-ea . 

:::6-.E. D. lrpp)es , • c . Kl·umbein Im r.,. I . los:, , 
'Tectonic Co tr il c,r Lltl•:-,lo µ.1• A~ 1ciattona , 11 Bu ll. /l er . 
Aosoc . feLr >1eu ~ Goo1~~iots . VJl , J7, o . 1 1 , p . 11)2 . 

27~ . , 1 ,~,, . 

-.13 '- 12.!.£ • • p . l'J2~; . 



CTiAl TEA l! l 

'1.'ho lnve.r-teb r ~,te founn or the Fr enrmt .fo1•rmti on 13 

t e silicifled zo 

,o a good e•iccl unt-> v:Hre obtni.nad . 

Fe.v.i::i~ .cp . 'i.ridel., . 

Pclue1).:, vll 1 

I nlv:;it t; r•w•ilia (1 nll) __ ....._, ____ _ 

conu..lnrld.a 

£L..!_lC O G0!1U:J np • indnt, • 

21 



rclli.n odor ,, n 

Crinoidea 

ctop ,•octG 

RhomboLr~pn .S:!B '1rnt·:l { no · u 1,r) 

!1.. ·nidlcl.v" tn . lnclet . 

Sr chiopodn. 

/\r~i c u Lat a 

_ ____ ._. _n p1J_catc11 , (llnll) 

~k:._ ___ f).!?JJill'lS-!:_~ {I 11) 

·1atv~t_:0 1 hill sp . :!.ndot . 

Q.1-vt>ti,rt;' s or:t~~ ·~ d 

,u Utol.ln cf . ~tf tcl rli (.lnch~1L 

un 

Lo ,i. ,c7cluo o >. L dot . 

h1to 

Zv >Soi ro _:-,dl}St3 ( Say) 

sp • 1r:<let . 
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Loo os ~lra Jr.t'ldinli s (Ulr ich ··w Sco field) 

Ormo~c1 •a,E s • ndo'; . 

Jtr , 1r ,po u 

'!'1'11 ,'bt ta 

~!:,._! ol "PlOne 5 Cl) o 

cornJ!'.nu .. lcnl"us ill 1 

Hv'.,h oc vnrla c yll.l,dri " ~Ho 1.1.) 

:~e _l"t<Ltel la .eaUi lat,(;11•:1 (t;l ·1 --h } 

LepcrditB l la =:..::;..;:;.;;;..;.~ (Ulr'ch) 

Ki•nu ,,e llt1 i nne q ,ili_ 1• le" 

.Ialln ,la hE",a.l y-..:.n ls K "S 

po~ e - 11 e ~r r, Joas 

~ ~RclllLt_.:::, r.,v,;s !. • ll 

B.anicle t .e £or .l..intod •1bcve t o c ·1ro I.°'\\ .:.u n-011 

~dent.tfic · tl . . C nfJf. e n I t ,, 1 l lo1£i-0(1 : ) 0 t or e 

ll e cumy re Ull S () IS al i ~ .:.rod -r ,r i.c l'ece .'biec· 

l:...,l"' ·'.•Jt'>'t'e .. ., ri :, 'f: -.:>lo opeci on TI'tlD rcco,or"' . 1!1 



tl--o North Twin t . ooct5 01• there i~ ev.i.,fonc~ of como fo r-

of Boal r ·~ J it nga In preocrvatlo1 lu uo poor that o H:t.empt 

\'lt\3 nude tn id ntlfy tho snacirr.en~ . Ro ,aim.~ of ,:1rt~1 0 ,r.,ds 

r.rn1 nolecypod~\ oro munor? ~ ln tho Specinton tdJ.l , l•r>o ont 

From tl:1e p r oc o ding ll sts it ts ovitlent that th~ f11u11a 

of' 1; e 1 -re o t for.- ntion contains both obnw1:eJan und Rit'!h 

m::mcUnn cle ent~ . rt wo~ld be POS3lhle , tnd e EHi, lf tri' , en 

f:>r .rnnt i on 1'1 che 'l'rcnt:~n duo !;o t'r.a resence of no a.ny 

uf!'.i.11.1 t, ie a YI th t e 'n'1nw t an 1.'~:.u,n, un the llCYrnr e l.e 1ent" 

of tha Ridl!ll !)nd ore ore, · po ,-.tnnt 1n t io cnse t nn t c 

1' ,<Jld- overs I fro""' t o older !'UU..'10.. 

The r11un.n <Jf tho lirner po1·tlcn of the l•r mont is 

\lltti.n 1.y " tJl l u::icnn 1'aunt:1. ( ooventce 1 .!nera ?f cephPlop?dl'l 

ort) l·•own :fro this 1J1•t.i.on 21 ) , wi th sorre corul~; mid b -rachio 

p0d:; . The 1 1,>o · portion of vr.o 1':,r inti l n hoo o fuunu conpon od 

Alnly ,,r brnchiop0d:1 , l>!'Y•) zonna . c"rin and c.rthropod . • 

Tbe ">l ll3ko ln th.I :1 onrt of: t e formntiu o<Jo~lc.t 111 inl~ of 

n few gnstropr>d~ and > l ono u ot ' ~aph n lo11od tlf\U noted . 

',!'Ile eo r•al Haly:3 1.tes ar ci Us (H 111) re s th:.·ou J t tho 

'4"0r--,t1 • 1 o • l.'her o ls n > unconfor 11 ty Emch U:3 1:, 1-1r c sent in 

t o V.ioln ~or iot.i.ou of' Okla n to ac cuunt £0r tl1c d I fferenco 

29swoet . ap. cit . , . JOJ. 



ln the faunn . F.nviro nmento l co nn:l 1,: J :; wor e roo p on~l lo far 

tho h l ghJy f:,ssi J if o••r, us !;hiet,er soctiono or tt e .for • r.&t ton 

fro t he Si:•oci en I;_ l l wc·t · ::n to Pnradise 1Ud~0 , ns conoo r•ed 

to the th i nner sect:lo n.!.l n,, r t.b ·nd !lout, or t;rtl.P. area . 

Klr k3 0 ( ln '..i.1.tr.:irth ) u::i::i1grrn nll but the lowor ten 

reot or t;t,e F:rt' m mt to the Rlch mond . 'rho lo uer to n .f<1ct h o 

iurni('l'1S to the i't •nnton , nml it tr pos~ibl e thnt. he di t~ thl s 

~ to boaln or th r o5ence .>f Recoptoc U ton foll l'.>Win, 

Ul rich • a W0l'% oo the 11 or n :for ution of W,;,} tn . 31 Hol-;,evor , 

the r eoencu r, f ITaly-~~ .. ~ oJ li.:!, ( llall) · n t it; ~one nal 

cntoa t:l': t it ia Rlch onc'i .in nr,o nl~,o . 

i 't.e ltJwer po r tions of tl e Fro ont ro:-mat · o c 11t~lri 

r.ny s:-,ecieu Which oc~ r in the ncd ri•ver fr)r at10·1 bf 

so t crn uni tobn nnd its aq 11 vnlent s . '.l'} i ::1 1'or .a t· on .uid 

tt5 equi.velonts ih·cordin to I•oeruti ,32 aro a r,ng tho ont 

,l'.'cmarkubla ()f known Pn 1 eozfJil ~ fo1• at:\. .>:nu beco.uso of' th ,"-'l1• 

tre endou!l {lXt,tmuion 1.n n north - C'>ll t h diroc ,,1 :> , rnn ;in~ f ro•n 

n,>rt hwestorn Grc~ nl.and to tho Poso ar c,n of extre""O v;e;itcr;; 

1I·ex11G. t} .it: lnt.o 01•dc1v.i.cian invr.slon o:r l,he continent by 

JO • Gt•nco ,i 1 u1rth, " LoxieoP of Oaol o tlc Nn os of '>' o 
J,lnitod Staten, · U . S . Ge.Q!~rvo r , Bul l, 895 , 1930 , p . Tl'J . 

.:nA. K. ii l.ler, 11Corrolat1on of t o Di orn P ,T'11nt1 , .. n 
of ~o:-un t" A er't!a J',w nl o.r.~c·,nco , P1rt sor.ic.-:. , Vol. 
X , ,o . 120 , l.136, po . 1}"5- 213 . 

32
1,. I • Poeroto, " l or n 

l nlno u1 · ~rrolty Bullotl , 
llo'l.. 27 , P~4( - 14,7, l9J5.-

nol .. ted Ce> tll pods ," 
Lnhornt;orv , ,To ..F.. .!;l.l, 



!'nu.nu n ooc·ate i fa n ·nto 

;l 1.s ar ea . 

T ·s rnunn t e Rod · or for •tiJ of 

o · n 

il.ew,od JI" to . 

the tow rl;vi llc !'or t · ::, ,rt o pper ~e iuni p l Vo loy, 

ny rn on , nnd t 10 s o l o n. ,· 111mnn 1 a o:u; l ·>un1; :m 

'Barr n I olonc1 . 

~o xoo . T'e ?l~h uvo d~l o to of Ut 

q11 t vnl ent . 'l'l e fo.U111u1 of th "21 Liel H('od, 

oo fo • ·1 1 nn . In f&ct t e fnu.nn >f 

to Front for~ o fl ~o itn cloooot r let'?~ ip t tl c 

nt ioont for a t .onn and i it t o ..,tony b unt a in t 1,..,..0 ~i > of 

'i: n en t 

1·0 re $ented 

33 • , . Ulrlch , ,poru, u lo~ ;t,n u:; of 
l:'y ,.:.o • -;..l t romflrk,s o __ ___ l all , D ot· t•r Genera of 

tut; ty.0 , 11 it, V ,l, l, 11388, p . 2' 18 , 
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an ,1 Vn r•1Pl ro.,.. ot .. :inR i:,.t· Ar.lt 1c1>s t i t nl" l' ,34 R' 1ci a l ~o 0CCU1 ' 8 

t e up er Jr dov tc I £m f orma ion:; of or ,•f. , Jeb c . 3!5 

Ant· c ,s ti reunn , oc cur 1 v~ re o t fo r nt·o1 . 

·· l 1 er , 3o ~w -r e t; n th 1, t 

1 o 1 01"0 f o "' I' t:i ) flr ' i-•e l ' 89'1 t C Fr >nt 

ro 
tin . 

• " ftla o , :.11 t · ) t: t ut 

~ t e oott nnn e tonnlo 

opod. a e bl t e ,.. , 
t t~ , t ilobitc thnt ·-e 

o Pro m , d o t0 

oft 

n r o a l n J • o ; r •o t; c1 nquo . t fo r m· t i 1 1 o:• Io ,a . !l1y o 1' 

t e .f1:n•'t s t o t 
3•1 

ang ' :::'l.' l •to i 

of t 8 ere cu O!'l t e 

.ich ' s Ot' i 1 nl l ao, rihe 

JI 10ll 0 1· l . !?..... r__ . ' 
J5c urlen c UC t A 

le ,. lo , o :r ~ " , 11 

co , Vol . 20 , }lft e JC -- - -

X'6":IOI t • 

f r o 

. lvO . 

Ce,...au r ua e l I 1 -

t )._fl A iU.O c tc 3S 

t.r ut J ru ,b:, 
l o'!' 

ille , , o . .£..! ·, >. 206 . 

37y . •t 

O"ioty of _ _ _ , 

JB 
>f' n tte , 
I p ;)rt . l li 

cwr. • 
. 1- .3 l 
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by Sloc o.m, and Cero.urtnno icnr.1c ( Bill ~,v.s ) both occur ln 

t;·1e Fro ont and t hese t-.w forrts are plentiful .i.r t 1e 

r~aquoiret1' . Krnu'wlla Lnae9,1.H1lis Ulrich and Le ,erdi~ell" 3p , 

in t~ e S1'1"1.pnon r,roup of Olclahoma , notably in the P.rom.tde 

formo.tio 1 1 are n1 nrcotJ.y 10:0;; r-ang.i.H~ e 1d 1,ot; i;oo .:nuch 

si "'.l'l-Lf'tca,ce can he attr:.lmt.ed ';o ~;1 l <J fact. 

A srent u:nount o-" work ltar hoe•1 do'1e by Foersto , 

uare.t.i.c fnunn ' an,i nn ex. ct; " l 8.:,Jsifi.c11tto.--i of t . .!.., fw.uH1 1.s 

otill ~ do'1r>ted poi t . Foo.rst.E" 39 re ~aru.0d t o a ,c Htl Hicr 

niond . Flov1er4° 11.as s' ,r,rr t:1 at rt.an., o~ :,:,e ·,o,.,rn l •uut:. l .)ld 

genera nppeor for the flrst ·,· ,o in r>oc1rn 't,;hnt ~r e of 

unquest:ioncd la ·i;e "...'ronton a c , He ft.rthor ')i l,s )Ut tha-c; 

there o re u number Jf tllcH1e ,enarn 1;hat; 11a.ve nov bee 1 fo ·m d 

in for ,ntion of und.i. n11te-'I Ric, mond a.ae. Kl:r',4l au,~ ·est;ed 

North 
l 952 , 

zo i c 
i'if.:. 

39n t • t 63 roa r s e, .Q.£• Q.L • , p . , 

4 °Rousseau JT. Pl o\ver , "New Ordovic · an Cec)halopods f T'O'lt 
Amer>icA, 11 ,Tounnal o~ ;"nlemtolory , \'ol. 20, No , 1 , 
p . 26 . 
41Ed v"/ln Klrk , " Noter, on an °arly Col)oC'tlo, of aleo -

1 o!'l:.ltls fro· r.:lle& ,e,.,elan< , 11 A .. erican .Jour . of ..>Ci ., 

sor·es , Vol . 1 0 , 1)25, pp . 41;5-~~7. 
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ci•matian ( Oov~n to 1 tn the r sl.;rictttd scn~rn , trn :i di vi tllo~1 

of tt o Ci l'C I.nnntlt:in lncluc 1 • n t.ho · dan nnd Y:.lV' 11-c and 

oxclud · n Rf C o r•i ) . 12 Fl l'ln.H · ~ !'\ ,paronl.:l· tl reen rith I:; ti 

'8A!1 nt lfln ,t 'n p t . 

Kny43 q\.!.e ~; t · O'l '1 the classificc.t· r> f t (I nee· 1vor, 

I'll, l'Cl 0•1(.; , n ! 8. lo.r for •1t O~C n all 

IIei belieVE,S 1,0. nr, w oil. ,r l'~'1 c ' pn11y ti· "'':onl!!n . '1.' t'I 

'T' 0 f'or e ·n b t' ' ov cl fy, ) t'1.i dnul tt'ul cnto,..ory 

'ch: o clit• !'o·" o : 

Ulrich . 

T lOllO :ro:r 0 ·n , . c~tc ,. \Rt t x• '"1',.,'" "ri~ v• ()"'(I a"c 1.r ll:cl-:1 

,corr' l:•t d "'t tlc . n , Va, I' ''l 1.1' 11 • 

or lnt.i :is of ~n!: · coeti. t i.>tO 1y vur t . ,, fo 'l I ,J or 
outho 1 t' n 1 o'•t11tn ,f Io n.. 



Phy l ur., CO ):,. fl' lA.;.'A 

.. ,ubclaos TET:Mc JRA LA Hr~ecke l 

J,' e.mi l y FA VJ SI' ..,I \ C:tv1p::mn, 1914 

Genus LI ~HBNARlfl ,inch e l l tmc.l .,chu c h &r t , 1895 

L i:c il.t /',Rl/1 ap . l ndat , 

r'L Jl l , r lf33 . 2a - o . 

• · n clinr otot' . 

po1•allltes incroa o by bifu:-cat1on upwar 1'ro 

~ o colony , Tt!-.:.eh i nb ,ut; l ct'!. in cli!l eter i 'l o t opcc.i -

· n diu ctor . -.,opto c.bocnt . 1ab- lu.o pr·ooont , o~pccial t y .in 

It o 1ower p.'l.rf; of t e col> noru: · l: o p ). rit o'f blfu ,..cntiC'".,n 

p OT'e tubullu' ore cl ,sol :.1pucod end ,Jell <'levclopod ; tabulae 

a tubo dlru: otor ·1pnrt i 1 crowded r.o ou and obo!lt t; lice that 

cUatonce ln the uncrow t}d 110 ,.;.nn. 

30 
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'«'Jl'"'l1.ior1 int; e r lost c · ny•.m OJ'lc.1 '!'win t . ::Jc•ct'o ::i , and 

o 1. e11l ore in t e f0r nt:ton . T.ocnlJ t o.. l'i urad ::; )eci enn: 

Priuot Cony·m sec .1,m , 10 1 an !,0 1 P.bovo l:he ho.so Jf tl e 

for nt.i on . 

1Jor,1.us :;A.PP )n DOPHYT,r,, 1 nasa l or , 11)$0 

StiFF.m.DOPIT'{f,LL op . 1ncfot . 

ni. II , figs . 15a - b. 

r :rose :rva tio oft ose opocit"lens :Le OD ) OH' th ,'t 

apuc l fie J r.fontlficot l.on er n:1ot l c \le !,brm.i ed . :I.' e cor~1 l lur:1 

oft. i - wnll.od , poly ont>l corn 11 .it ,es l. • ·.rhlo ; in polished 

soction,; nn · tn tho nilJ cHled port 1. m "Jf a lar e npoc t 1Jn, 

co t f.a' . It i:; ot , o ~ si ble to doter · e ac curnt. l y tw 

Pro 12 . ittbulae nr'-'> wel l dovel op~d w' th " 'J tnhulne j n a 

cro'."fd(H'i zone . 'l'he5e c01 ·al u clotwly re r.emo lci !; • kiuo Pi 

'3n.02le r . 11 uroc'I. opoc 1 en l o nllt:y: S1,el!.i..no•1 r l.l !locti 0•1 
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Ji'AVf.ST l., /\ ~P - inrl ot . 

L • rr , rt . 16. 

t o occurrence or thie cni1s ln the Frem::,nt f ,r n~inn . 

'I' o c'>rnlJ.ltoo oro conti~o ui , un • to b t 1clr P-11" 

nn orr: 4 r:1. in ciia e i;t;,. . Sa'Otr. are t in nnd t:be:re are 12 

prf nry ~eptn ·ind 12 oocon a.r• ~vJr~ta. Horlzontnl tabul,e 

ur~ pre::mnt, T1.,;,i;n n e to tvi: in a tu'be ia ct<"tl"'. Loc1.1.li 1; • 

r~f fir.urad :::ip$c.i, on: » JOCl>n011 .i.l l uoction . 501 f1•:,· th~ 

Geans l'ALfi> OP1 'YLLUli Dl J.J.lng3 , V}!,0 

C:ornllw Ccwd.culat;e wJ.th thic~ - wnJ led coralllte • 

Pop .. a botl nri '.lry nnd eoco:1dor~, e;cte 01.!l ti? t !) oe t ,.._ 

'l'ub .loe co '"'l"llote 1n well liovolopod ,,1th o;L.. · n 5 ,· Us 

. in widt in lcr or cnr llW!W . Hypot ,e lo cul tY: 
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Oonun GAL~PO ,I D1).J.;. o , J 865 

•~Xl Ps:ler , 1)50 

Pl . lfI . fi e . ln - d . 

:::u1onoec · ·~ e:.nndenoio OX, l 13 , 1' · ~ , ~ -i.,-•t_,a _____ ~__,;.--
Dull. oo, p . 1.0 , p 1 • 2 1 f 1, ·::; . ?u , b . 

~olunoeci c ,x· ~• S •1 , 1 50, 1'le • ·J1 > 1cu1 , •,,t 
•ori'cii . o ~·r 1!4, • :'>76> .,' . '2:fl;°-fi ::i . ~ , 

p] . 17 , fi • 20 . 

1 • ti J vurl 

of 
6; 

t lrOU )Ut t O l'O llt f >I' .a ,1 > • ,o :e a c ·1 ens OCCtil' Ut' 

1 tCl' ,l 

," nl ~ m.-octu't'.i(lt.icr, ,mr obtai od . · ctri -

butio ,f those ~,ralB ~ tri t e ror i ;n vn •· 

u_te CJ on 1 t e soctiJ a woot ,f 

, "" J • C 1 t •, th 

of htuto cnnion and 'i n Jt >ccu.,,. • t e poc~1 en r 11 

"3oct1 ') • • (, cu·--:. dunt n t o or bodo e,f t e 

corllllJ.tt-~ ~r 'i 1 te t 1 01 nr·non to ( an11do e .a 

illi l 6) , 

Co:r" llite!l are ~lonol t ulat d; t.nb •lae n well dova1 o ou 

01 · tly c rvc ; to 4-
' )6,~lt Ji 4 

· ort. , bnc• to bu· . Local t · c• of 



tfir,urod spoclmons~ Pnr ·n ico Rld o , trJ:> '>f 1 o 'f◊r"1tl't · ) ; 

, ,outh '!'win 

501 fro t 1p n:f fo~ 1tion and fro !; e far;e or . e cliff 

for •d ;; !l n"'lnrp to l d J1J.at nbovo t a o• lie.I fiod ~•me. 

Fnmi l IIhI.'<..,lTI 

LY. ,1 '.8f. pj scho r , I ~1-3 

nar1 •ower eic.loc , v, 1. tl J t n te 'VO n inuto t, be as • 1 

'":Rte tlar n . Co1· 11 to VPJ'Y i. ,,. ... r: fro l I , t? t .5 

idt t . 1 b l o a.ro u vol , ,o l it 'n ;; l'!\: 

.in t C O-"lr\1 l r cornll1tos a ~ l l !, I 1 ti le ... or . 

or nr,1•al.!.itoiJ ICI our lees t 13.1'1 0.4 . 1 t .Le' "\GS~ . 

ny of t os ''c cc,rnlr." ,cc 1n t Fr ') 1: 

I • 

i· lls 

01 · o lo f t•o r.i tho bnoo to t o t .,p. r o afce ,f t 1 e c >lonl<'~ 

vari. s fr~ a fow · c <Hl t'l se 1 ernl f'ent • dt oter . A 

or ,1) r o l: r e !lpon t 

c.i. t .i11ches ncrcss t e ..,mod ts seven · nc-.-•e~ hi;h , 

J. o .o-;, c.i. ona fro t £l vnr'l.u 3 un.i.to of' t ,, ir atl ;>· 
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n· ve boon studie.:i cnroful l nna ,h0l'~ i.o O nppfll•s) t 

d "r er nee botwee, an o to for a collectad . G0c3l'ty of 

fi re~ 3po~1 ~n: Par di 

Fnmily 

sr P'l' 

to :,f tho fon: ation . 

Grabau. 1922 

Hall 

inoot . 

Tis nus i:; roprc. c te,1 · t 

di.fforont :'u~ a . .... ro .. cl~va ,4 o occ ro in ')Ot CllSO I 

intor ul olclo a d "danttf1eat 0 I) s cci 01 10 C 

<11.!'f cult . One .l.'Jr 1•<-::..e blC'l n {l he o'· .. 
for. s cloool ":"Olat (.J. t, Te 0 CD · lD 

0.0 

,•· t 

<n· 

are 

r8b~d· t "n t; 0 tor-:cio, 0 ll oc . 1 t n t "ck r ~ oci, · ll3 

o. t t c fo • nti n . To nro co o~ 

or part oft~ ~outl iwl t . seo~lon . L c l"t) of 

flf',Ul'ed sptlc · on: '>Utb 1'ni 

,fol' at on . 

t • . 901 fro t 

Cluss C 'O.O!. 

Group 
., ) " 

a l C 'ulcott 

n r: 'L .:>i cln · r . l:, 2 

top O t C 
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C.Ll V\C iC ,J' U a . in< et . 

Pl. IV . f;. s. 5n - h. 

Two .>ortiona uf t· e El oll ,f n "O lar oro f<nnd 

in ?: o piece o!' ro ck rr J t e husul ~?t ... tu or t o ro .imt n 

tl~ Fr• J t ~add le ect lo, . the specl ~)u alo6cl7 re~o hld 

i e 8 .. 11 13 :J · 11 0 d t p t1ri :trle ·t ,:rti of' 

the lntorol !'nee io \ Lo.i :;t oft 8 ln:r or S,?Oc.i. en is 

l l vrtt lj t r1· svar l" O!' oc""urr'n 1 t at l 

0 1•i "l .. & Ol'J~ 
,.. 1.fwny b(,i ,; oon t (l }Q ... l 8 

unJ t 'reel , ' t nhi:a·r'll round d crenta . :I' 0 ll n11or 

8 oci en i-it11')V:$ e lghli rid aa in fl len .t of 2 I • 
on, t ia ia 

orc hnbJ:y a p >rt to~ of t e ~J"'el 1 cl JSO to t e npt ••• Intsr 

ape:ce:;i betv-:een the I'lcl e5 ore ebo t " o o.n<.l n 1tllf 1..1 on t e 

a1zo of' tho :rt,l.[:oo . 

jdlo a~ Upper nrrlo v clo , r o tho 

11.z-ytrJtoRic ond . Loclit <>ffi r-od~po •1.t·n:Base 

of Ii 



Phy l ur:i ECFIJDODER JA 

Clnos CHI OJD'A 

,,ubclnse t::1\.l EHATA 

?n i.l-y AJlCRAEOCRl !DAE 

/,RCIU.EOCRJ rus 3-,, , <'let, • 

Pl . I V , .fl.., , 1_..;. 

A f' oy,• 1n fol ch on y enerlc Cl nNtctori!ltics ar.·e 

disc~rnlble t!E!S l.'e ·ove!'ed fro tho Speci er1 Fill oectlon nnd 

~ubsoquent1.y 1ctoncif'iorl us a 3pe ie6 of r rr- n :,~ ... ·nus 

. acn s~ th and .. ,nr.i11,:e1•. Or j ..:>no poo!'.t ,t>rescrved ~pc 01roen 

J ::i &ve i lal)lt" f'->t "\tu,d-y . t-:-,?a ,,1'.!'hJ..i. t..i..o s NI th / r--~ neocr' ~ 

are ox i l te by the c· 'll•ncter· :u 'l.r'ran emont of: th, plnt .... 

I. ,cnl ty of f'ir.u,red spec1 en: peci en ill soct.l.o , top c, 

tbc :for at on . 

37 



Fl.iylum .6!iYO.,;o.A 

Subphylur.t ECJ.'OPR1>..:1A 

Orde::. • CR.!PTO r.J f',.A Vint: , 1803 

Pn ily A '.t'BRO.;,,i'){LIDAE t,7.ri tJh , 188(1 

SCEFTHOFOPA Irr.FF Lil I , n . !i!p . 

Cnnade . Tl .. i u fori:1 has ~ince be~ fo,wd ir: .Hie ~, d strnta. 

So ,anta cl b - onapn , vi 17.ir i len th fro l •is 
!than 1 . to neo.rly 2 ; lr; or lw.lf • c li .chticnl , about 
0 . 2J m: • in <lin~ter , n';,i -c o l'li1liforo , r-o ·1 red n t , • 
• ,...nnul<H,O, v~rticnl 5tr no; lo r ox~, r. b l.b >US .J n, ; 

~rnpor ht1lf c ~.l li!'or:ms , ex.oan, lng m:.,ro or l'1zs rt J1 d t , 
tho dcp1•c:HHrnd c .nJ cal trm vut·yin 1 dJ.a ntor fro . • 7 • t, 
2 • 1'he n nrturea c,f ,nu zo :iecl« J'l t. o li".>p ar>o -i ,cJ •c la--; 
nb:; t 0 . 0'J . . in dl.n ott'.r ruw urrBnfod in radial sor.i.e:.1 bo
tween 1'"!11 eod l l no o nb 1ut t o lnr •e ce n tr!l l socket . A!'I t;r e 
:io::iri o ,:p a nds tli, o..,rie s incl'ence :I bM • by ir,!:or o l ot ,n. 
~•he aperc ursu of t e z ,r:,ecie on t'H' s, dea arc ov.nte ·ind o. 

38 
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llttl a lu.r er t an t , fie " t e top o.nd nre ur 1•un •od h tne&n 
t· olovated rn ulo e rid es . 

, . huff a i reoeobl.ec ~ - .fnc ln :!. 1 oxtor al 11ppenl.'l1ne , 

b on t e :wora e t 

. tc1 l 

oc ,ents ar s ~aller , v1•ryi 

. 1r le tt . Jn t ln ne ctl 

t io no 

whilo t· Olle ')f ' . atrni :ht . I n vert:ica l noct:i or1 

t e wa ll s of t o ior., z'nl t;ubea f . 1'11cui:.. arc o l ~ ·l.i. ht l :v 

curvot'l , ; e t e w 'll of t: io nt'W cpocic ex.t n ds ctral h t 

t fr.) t C C trul nx a, t on C rvt• 0 rrol up .. 'lr , t on 

oft o wall . ~}en rt re~ uf e ~oJec·o •r s b- circulnr; 

"!>OUt 0 , 0;i • · n clln e ,er . nn , re urrruPod · n rnd.inl ner.i.e c: 

a ,nll nport!.11·0 lti ch do ot o~te < t to contrn axle , 

·vi to th appear c of ~ooioren . Thes~ , o~eve~. 

ar·e p.r•o ably <> ly i)un zc, Jec1 a . 

rhi s u·,ecie 

Uolo•~ypo to be dcpoalted 

Puleontolo J Cull octions . 

c Ptron,rn 

od in > 1or ,Jr D •• lieor e , • , uf!'• 11ar, 

the U ivarsity or O!l 0 

i :.4 co on i l t;ho sili if lod zori Q 

l . c:.1 -

fied 2o ne, 50, fr-"> tc,p of for ::i.ti , 1 , ,o 1th 



Subordor H:TF.<.BAl'A Ulr1cl ana i.>G~ lcr- , l 104 

n:-nily 'L'H , :A 'JPOHlDA Millor , 1 J89 

Oonua H }.:I? G A Ulr.i.ch , 1'3 J3 

H HPlinAOMA s:p. 1ndet . 

Pl. 1 , ti a. 4H- n . 

•nny of t ao lar e , r :.>h lSt , fo1 ·ms oo:-ur m.1 I nternnl 

:flllln s , nnd au extcrnnJ t'!!?ldo .,f t o ori :tnnl zpocimcna . 

'l'he olzo of t e bruncbos va~·les rro 8 r:.i. to 33 . i n 

longth . Zooec1a oubpoly O'l''l, t.C\en in 2 • • SJ o apeci en a 

sh:>\? e.e;~e ntions of lnr or coJla cui.,,t•o\m<'l.lll,'. .; ,nl) er meso -

,ro:.i? . T.1 so forr!S clo~cl J ·e~omble l . (Ulrl. · ) , 

~c,cctli, ">f' :figured apoci ('In : ..,,,u tb r, . .,·n ~ . ooc .. ion C)C1 .f'l'.' ◄ 11 

t e top of tht for ntl Jl , 

Fr.:-i.i.ly J PU .01 'lI A ' llor , l 3 ') 

l"'~nus S o .30.1.'RYPA Ulric 1 no no.soler , 1901} 

R ::> BJl'RY'\ lAUAl'A {R<J:ninor) 

Pl . I , fi a . ln - c , 

IChootetoa quadratun RO Hi , 1866, Pr>c . Acnd . ct . Sc-.J.. 
---; bilod l i , P • 116 . 

RI o bot r -ron quoctrnt;a ( lo 11'} 01·) . t lCK , l 0,5 . rontuc'a 
aool . ~urvoy . , aorioo S. P • 5B, t . ) , ti . 11 . 

!.rrogu l ar clfl'l.ndr1.col b1 •1 ncheu, vur n 1n si • f'r<Jrn 

3 · · • t.r, 7 
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J t\ 1;>nol llnon; ~ )oectal wtJl I t:1 rnther thick ; c:onnthnportH3 

ll.cklu . Ll')n ·· udi n1 oection ohotis nwnoro 1a c tnphrn s in 

>pores o 30 " . 

1'hls ap •los • s co on l.11 t e ailio:l.f1od ~o o of .or t;h 

th 'l'wl t . ecctio s . Jt ula, :.>c~urs 1, 01· 111 . a 

ooct'i. ;,n ns cJlds ,:,f t --~ or'i. lr.nl iFI tm•1o t. F:t ~ r od ope c l men 

lo nli ty : ... o t!l Tni !t . sot-tlon, 1) 1 fr>r)m tho 1 .) t e 

fornin1:ion . 

Fu ll y Rfiltl J ICTYJD/1 Ull'lch, :1.895 

Genus RI I ID.l~'l'YA Ul::>lch , 181 2 

i :r mr-;rYA s, .• indo 1,;. 

Pl. I , fi o • ,, • • 

Zo ,artu: o ~11 . broncho O. • ,ide . ?.o~ocJ lu 

f.i.vc lJ it d' l rOVi$. C Mi ...re 

with c> t· uo o atri·e sopnratin 

ltudi · 1 rows; two n ,ort1.1r·oa 1 l 

n nll und rectnn 1 ~ , 

tho n p rt r D • nt o I t> J. -

l,"ICSlity of fi ured 

:lpcc:l. er:; ... 11 lcificd &o o , .:,outh r~ 1n J t . i,octl , 1 . _51) 1 from 

~ top >t t o or1:1at l~m . 

Gonuo 

LO 0 I 

Ulrich , J888 

J A :WU , 1 ,51 

ICf.1' Ulrich , 1890 

Pl . J , fl 2 . 2a - . 



~o l on or ii. l morie ot;n uvn ~ll , 1 ,o , Ger,.,.. r'U T'V • • 

, oi. vrn , 'P. 61µ,. P1 • x.xr, • · .~ . 
:Helo ooru brlo ato. (Ulrich) . A,,SI , l )27 , " 

1 an . nt · cost1): en • Ot2_1l, rv v1 

Tl i.i noi.R , 

ryo~~t" ( oil r-
• l,Sl , • 159 . 

. 'hl $ for.1!1 oc curo :!nlnly ns in > toted se entu , but tn 

o 1e Ol' tw<> Ct18 :, !'oJ.r GO'? entB j '>l ned t<.>ge1h.er were rJt Cd . 

... 4 'I; 
U-1.h other enora of' thin & l y toy are ax.t1~1t lv d l'cntc 

n d Ul'8 co on .l y br) kon upo re oval fr J the atri.x . 

sec .entl:! ~lVE) n t'OU h :.1.,pect , wit the zoocci· o ... run 

n" t1co.l t\81'10 0 nr ) d tl'e se ,ncnt; , .i.n Cl:JC soncl on:.1 nu -

ed 

o all. ~r. n1ly abo~t. 3 • 1n l o t and c,· nto o to l or:eir 

oxt,rc ty . T 10 su e t:1 nro O .,5 

t; e top ,f tho f .>rcati m . 



l'hy lu m HRACHTOP' )DA 

Ulnos ARTICULATA. 

l ~UNcf'ATB ARTIC LAT.A 

Sttperfa ily Ji.fi' ,ACEA Wa l~:itt and. tkhuclle~;-t. , 1 100 

?runi 1 y ri. ... o '0 ' IIDA Schnchc "t v.n (" Jo "' , 1 )_:-10 

IL C' l~ J. 1't Cli:.'; LA (Hnll). 1 ,47 

1 • 1 l • f 1 ~ • la - , 

nrt i:.J l 1 • I·\ ;r'J , ) 47 j Pt•L ) tol<>rrv I1ew Yorr, J. p . 
:tl" , ~3 2 , n . 9 . ---- ----------

loc t; o rt l'cRi,ullu (Holl) . AL nnd CJ.,Ail, , 1812, 
.... ;-BJ.CO '1:oTo:-Y'-0 ' York . vrrr . , .. I I p . ~2:L.' 1. 5, 

fiS , 1 I - "SQ. -- - -- -- -

,Plocto:rt: in ilic • te_ ln (Hnll) . U"Ht.Cff.· l' and I"' )0 1 lJ.3 , 
-~ . e1th0dv !':'IO ot' 1 atu •al 'icit >?' , Vol . JV, 

-:-f';1, p . 5r,- - ~ 

Se veral cpeci ria a,o been found proser ve d 1u t r.ild3 

of the v'3ntr:.l extol".ior . 

co tn ; 2~ costne nlcn ... .. 

hello tl1 A bioonvox an~ tPnns -

mr.ir n . llyp ot; ype lo 'il llty: ..ioul; · 

Wwl ~ . , 1 1 fr m t;o fJI' "or n':inu . 

4-3 



4J 
lc~.,, 1 (Un.l U. H3!.i. 7 

" · : 1 . £1 . 2 . 

Or th; Lfl t· S!:1 ° co::i to liJiU. , l JH ~ 
- -. ! 21, p l . )2 . t · . 7 . 

P l octo r· l.:hlo fi1. a1i c , o .o ( Hi·ll J • • ,C UC 
e . tenbo o of ~tu~al •n~r, 

Ft . 1 , p • ..,L - ---- -- ---

, l J,32, 

to b1.furcate c~atao elo t o front er l • /Jci, .it · n Ji' 

· eta ~o of ab~ t 10 

!'1•, the bcn < •• i l e t o :ri ·u-y pllcnt · n::rn '"'O:.'lt i.nue '."lre 

co naplc ouol to unt :ri .> 

co y.,ox, :1c - oval 311 ou<;lt o; ve nt t'~l vo l o is .,.. !ltcat 

O V xit 

to f )rm a 

jror" n t.io • 

UE 

enr t o u , >, , o u l op 

nu 11.l 

·1 

r 

n 1 t l'lly 

Uypot o 

L., S01 fro to of 

Ocnus JIB Rl' L f.. H' 1 nn Clo "" e . l 2 

'l.' :; 1 rA( .nll) , l 1 

Pl ■ I J , f i u , 3n , b . 

Thio lo a s ull for c~ t V l vc n 
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unequn 1 l;f bic?nV<'X in profllo; c,n:rdinal ~xtr>umitieu r :,tmdcc ; 

r,Jwor thnn t.h1 grout t tr.l.<Jt:li: ornn nuntnti m u.l.tl.coat r1te ; 

fol • Ifypotype locot ity : S" l1c1f l ad z one , Uo~th 'Jin ~ . , 

$0 ' frnr.t to p of I; e for ,at m . 

Su b t'nniily Pf~h'fio'J' 0ILIJI ~A 8cl11~cher t j 192.•J 

Gcnun l'Li\T'iu' i'ROPHlA !UH(t , 10;50 

PLA.T~31:fi >Pll IA s • lnrl t, . 

' . 17 , fl l, . 

F':l. '!l.l.rt d apoc l rnor prosorv od U!. r.t:ie :.ntf!r •nn l ol ' nnd 

;pro.c rve d t, 11ke !:.;eci.!'1c j_de t.l.:f.:.caL::.on . ol d o:' 0 l lnal 

s· oll ... 0 r a1•t of 0 0 1'J.r.nlt nr.id po.-•.;ion-: 0 ~ho ,. 
'N.'C J.nr ·e ., ... 

eo~tae ~n tho sulcun . Cot,t110 nt,•onc ,.1.nci VO •y 1 lci.t' l l n ~e • 

Int:cn·nnl .oln 1s o.bo t onG half t C (),... ..i. "'IUl tmd sn owr, 'th •} 

four st~o , c0Nta o t 

5 c1,u1. Tin:iomble!$ •l · tv.,t--o~h tn 1:2.,tlc:>~ •t;n ( Mo ,k) i n s lze 

·•n• n1.unb~l' of' ,~ tne (7) n• the flrm'k~ . Li:>~U1.ity of' 1' ' t".l1N~ d 

ubfn i l 01.,'{P'!'O;-b; • l A S chuchert · nd C r.>opor , 19 J l 
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GLYP·rowr• lu G lwP/\i' ( ,. O!l ), l ' 'lJ2 

P l. l I, i'i . ;,:;a- b . 

e-rJ York; Rr • ,ocond 

1.6 ;2 • ~'.:.£_ -

S nll (o our. 14 ion ) , n:1bquud1•ato, val•,,..; sub -

mar od by anr.ula·• p l1c· tt · Jn~ , S in a wlct of 5 ,i . 1llon,.,. 

la cnellos c . Hypo typo 11.>co L 1 tr : 8l" Lic.i.f't.:, d zone, Bou th Tl·:ln 

Fa .i l y DI ORl' ,TDAl• Scn1tc • rirt an '-" Coo pet' , 193 2 

Atsrr LLh cf . 1 . I f1< ~L I ( ,in che 11) , 1851 

IDrt 1i.e Bl nd lfoturti. l H' storv 
... ~--- - ---- :i15 . --
-~~o_ r_t _ __,.. _ _ .,.._ __ 77"Inc.t•o J. • nd CLA K. • J ~, 

_, ___ ), _ ___. ______ , __ ..:._l , •>. 221 • J. . 

sttn 11R sp . (Foo~nte --l'n C1JP~ . 1)32 , o • 
Vo 1 • l V • Pt • r , 

-~-......,.- i ·--~--- --' . ell) . J ~ . ·1)4, , .o() l. 
• .., A , .f1 ;., , l - 7 , 

A opoc1 n p iJrl prenor vo e~ t e ext r al ol d Jf 

t vont;rul '\:a lv e . 

,ub1• .un ·e l.'.ll •iepe :rutod by deep i nter •speocs . CrJ!ltno j nc rouse 



J.i,7 

l>'.'T intercA la.ti on and b11'· .. r.cnti "J· • Ae-ce.uso ;Jf t o n~turo of' 

lihrce en!)rAtlo:1s of lnterculatio , '"'0 M furciit..i. m ..:uch as 

OC 'ilTS 1 

the 11•nar.-.entat1v and m.mbe1· ')f co::ita.<; t~, t:hl::i spocl: on 

closoly raoornhle the d~:1:1cr.l.ption ::JC ! · 1 · r, l ld · a:1 fi1von 

i,y \long . J ocnli ty of fi,::,urc?d specimen: South :win ft. ., 90 1 

fro 11 to,:, o"' f'ormatlon . 

Pl.AESIO :,(., SUB UADRATUS o.;rr lJ" ffl'ALT ( [,ad '), 1)29 

Pl. IT , ft . :, . 

r.., DD, 1,2) , 
" · 4)2 - 1 ')J ' 

(Lcdd) . i'\UG, 1)49. 
nl . 2D, £is . l - ~ • 

.1.hin op 'ciec J n !"cp.renantu by or•e s·)ec:llt!en lrtlich i3 

m"i th ll mol'.!GN,te L:V de tip sulcus that 1>r .:. inoto.a at t e bt,a\c 

oot;uo nlon tlflP in , u nU! ~ ('1' f>:f t en bi.Curcal;ed two oz· t ao 

.,uoorfamLly mrn:c ;)J P.LL/lC£t. ,.'chuchert , :lll96 

Fn . ly !lTIYt,C )1 LLI 11, Gray , 1 '.48 



GerlU:, r.,'RI'TDOCY(;L1JS r+an g , l <)1 9 

LEPIDOGYC: ,Uci cf . r .• I1 Gl' CTULARI Inn ·. 1Jh9 

Pl. ll , fl 

Lepi(loc· c ,.. 
- A ----

Thin npoe1c 3 t a oo in tn tho up er pnr• t ,r the 

l'.1. .. amont fo ~ -~'!.t1.on i11 •· Pr'ost c~n on, So th nd orth rwin 

:tlt OU 

r "'-, ~t', d . t1 l.; old::i ,r t 1 or-l 1n:i1 ator!P.1 ,oro oxcellont 

11 n<, av, ,nod casttJ of hut;~ t.1 o , orsnl a d vontra.,l vntvoa . 

i'~o \•l'nt:r.>al vnlvo ie sul>t;·iv.n ul r t, subpl.!lltA onol in o 1t 

l t ue ; sulc us is br r> ,l onte!'.i.<>r Ly , •ar.k <ld b t'hreo c0.ita., ; 

ventro.1 lnte1•al ar can arJref. >y 12 costl{e; zL ·r.~,r lamell: ~e 

on :rnrface are stron g , T<>1"3"l valvt• htw n rolntl.vely high 

by four• co~tue ; z.lg zn lJ lnm• llea on uur-face stron g ; do· •crnl 

1•1tern l ar an more co ·vox l:h 'l:'1 the , etntr::1 onos ·mo :mnr 1,e~ 

!) 10 or ll C')'H,PC . Jlypotvpe L'>cfllit ,'.V: South Twi t . • 

90 , fro,., too , r ?T' ,ntl )l • 

µ Gpcci.fic tC, nt :.tlc·•t.i.,, • caote tnkc1 fr, t o i..wJ olds 

)./ :lr 'Ou olat!. ,n hir.> wit ,n 

),art1 culnr, , •• c:.ioc .x. Lt.r c . loLoou , v:it cout· te ornB ent,n -



t.t ') , • Ono spocl.m<H'l shows dcvel ,:mment of' the .fo l d mid ~:lnu3 

Genul\ fftn,J.:P-fYCfiA ,tuie I l ')l 9 

Pl . JI , r;. ,u . 1211-c . 

Hhynch<.HlOl'.1.a noo 'l, T 'r.'T 1,D, I"' 32, Gi)·)l , Wts cnn~.an, IV, 
p • 2 6 ',.) J I l. l.2 , i 1 - • 1 / - 2..!_ • 

,:iyn.::•l.01·011~ {" ) ~,•n' ( , 1t~·~1 4
) , ':IlC.:HELf., n.nc.'i SCR'JC.HERT, 

lJ'/ 3 1 / l . -.:,JJ.''\ ~ III , o . 46J , pl. 3/.1, 
!1 u . J!r :~7 • 

!?vnfl1ptvc: 1eon.uh ( tfiol.<,) , I\ C , 19 1 ) , Goc,l . ·,>c , or ., 
tt1-->ir 4,.!, B, l . 1 o ~, i'i , ... 1- 6 . 

S oll r-rr.all, :ri tl~ :,tr·, ll[ l y g oboso p rr.>fi. lc, l ato :ral. 

rofil(l unoqu ally blconvc.~ . i!.oraol valve ha v.i~l t 10 ""e3.test 

co:1vcx..i.ty. Ilin e ll o . n ·,•:,• • Ante •io: com isaW'e uni li 

catc• . til ~.17 clovotod 1'olcl , mtr)" , o , disa penri..nr no.a.rm lw , 

ma.,..ked o:, f, .>111• <":osts , t e lnt.ernl t ,., ,bscttre ur,c v' i b Le 

::>'.lly on t c oidos of the t'r.ild . Su lc ut1 is 1lco> , occupyl1g 

~Jnc- thi:rd the wldtll , e1 OV!.l.ted posl;e.rlo l"l v ; 'ITIP.T'kCld b t ' 1"C.0 

p O:J, t').nd ouch 01·namon od by e l p t l'ontae . Ent: tro GU;r.1'nc$ 
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nllic1f1o(! . liypo t:100 locelit y ! S1-,ocl en Ri ll , top or tho 

for nt.i. J • 

A Hnll , 1860 

R.nY?iCR },L Hi: !A j HOI• 'fUH nc ' t. ) 

Pl. TI , fl e.;·. 10 fl- c + 

Rhync~ _ £..1J::. 0 r 11:<>ntt r1, r. ~ Ill ' , 1875. 
G(➔ o,:,; . ~urve ~ e .t~.id . , 

Rhyne ol;rt~m:.1 ur r;entii 7..,:_, • M~ ! 
1n~~~ ~o~ s1J o or rln , 
fi t", • l! - ll , 

pr sen•, o !.v i.n Sp t c .i en lil 11 oe~ti 

bu ,o r 1'amlly 

Gcnua ZtGO P!~ A fin 1l, l 62 



'l. Tl , .i'igt:: . lJ s - b . 

:.t t' )Te! ., ·'-•·t,il ( "v) . H/II.f, , lfl4'(, i'aleJ t_o_l"-'cJ ___ , __ _ _ 
r . Lil , l. . 15 , f1 . l !,. 

Z,r tos':!..:._ ,rte .,t ( -"j) , ]IAJ.T,, L862 , 15tn Ra1.. r,,"w [ ; r k ot1tLc 
~ ·it . tu.st . . . 151 • 

11 , • wide , 8 

o:t's 1 -.•·11vo it :ci1m1 oceu iiod b t ~ e pli.ca -

< riu al .Ln al7,e ti d ext n i , f ... ·o boak t ) J. da.irel 1:,nr : n , 

Co on .Ln pec;i n HJll t·eet· ,n and i n ul. l.:fc .:.fiod ~,ne >1' 

't e ., o llth l 'i:i n t • . f:Oction. Hy 1..>t., ,e l•)CHl.i. y: .,p t cl ~,n 

GenuL, 3l 

For s o • 

lfor c .,1 b t 

t · !'icnti, 

'TTHJ' 0 ' A ll> • il de.; . 

'l. II , f' r. . n- . 

lo ·e UR nro tl. I ro ,_, t 

re ervution ls too ;~r tn o. upaclric 

An• tori)r r ors l vo l vo n 1n ex -



entfl st Ct > vox: · t around 

tho 1.ddla; eocke '.;u ·,ro •' on~; odi , rid c o <Jrt nd nl;(Jut . 

Doro1l] nxterl ,r ce>stc llfite with coatell110 of eqnal ~iY.e; 

'tercu l~ti mi.; ap enri 1 repent e dly d·> ;n olopo of en.i.cula

i; lon; gro•1th l o l luo o t rr.m l y dt) vo lo 10:l . Fi6',ll"ed apacimon n 

loc nli t1eo: art" l' .in t.. 40• fro-:1 t:op oft. e fo1 · ,ation ; 

t . , ,;,01 fr1,. ton >f tho fo r ut m. 

THA OD/ fA S X 

1. II . fl ·s . ll~a-b . 

J.ep ... r.enu so.xen 8ARD -->0 , 1 l92 . • .m . /i('; 1
• nt . J:.!_. , VJ . • 3 1 

). JJO , pl. 4 , fi . -~3- J~ . 
l'hae•·r, ontu :;r.xen ( .nrdo1p } • fl. • • l:11 ) , 1 e 1. So" . A 

·e o1r Iµ~, >, ~1 , • , lfl , fl u , 1-;:--- . ' 
.. , e ll '>dor·otol 101• c , 23 . :vi.do; ,:.itltno subrec -

ten '"\'ll ·1r. 

width . ;urfr.co equnll costt~llato , l to 6 f' · c '" >, .c1 loe 

v-oupe hotTwe tv.o :.tro er o 02; r,ro ... li c '\,._oiolc . 

Vcntr1iJ i t, rir>r· fJ ,wo edinn ·evtu ext;ondi nn -

turlorlr abn ~ o ii• ) t 1 en t . t •~1n h1.fu, •cn t:1 

ni:orolnt,n ·nl L-y. uscle field IJ'llobod onteri 1•1 v . 

])ors l v · lv c unk orm . 

Spoc.i.os of this 0•1us have mmu11 · b~cn assi r,n d to 

c, orb:vo!!_ . 11ng nko o dlsti di n betweo 1,_0worb (} I )a 

• J d 1' 'l(' ,. ) 0 l I l 9 j ¼O l 

,.in t 
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c lo-ely in ol~e c A tnternal ~.ar: ctcr l stica 

Alt 1rna h t; o onorvn!.;il')n i.3 po 1r on t e dor8 l vn l e io 

\.\!limo !: o evi, · c o.i.1 t to t a l!i;orr bed ro ·:1 1•u t; o:r t nn 

to for , , f or,,or>:ve l.l n . LJ Gll l ii,1 s of r · c:ttr~u 6poc· e nn : 

Ve: trL •l · t ·i ->r £r~ -.,peci o .1,; 11 111)ctio , t op Jf: t o 

f or:nBt i on . ventral ();xte :-iC'lr fro S•J ut h Ttin t •. ; 0 1 fr o · 

to of fot ' mat 1 ,•1. I<nowri Al > f '".> r l nt G an,i on ,ind JR.1',H ng r s 

q H l!' I'Y . 



'h lu or.. C 

C1 n.ss 

Subcln!.8 

OHTA 

..,ub ;01·t1 s LO lRA 1tfll"l l d , 1886 

tr. JX Ji'L ens ( r OPITO.;,P!R ) LT (lJlr1r·h nnd Sco ! '• ld) ,1 817 

t . rv , r· . Lt • 

:T,?ph os ul ru 
-· .,._J__., __ 

•I]• at( SCv [ LD , 1 97, Gcr.>l. 1., •• 
973' ) 1. . l ~' l 2J - ;'! ') . ----- -

'1.' is Ot' ,.• , portion of an Le n l 

old . oi. o!' . o ~ipoelm.o l ie 21. . , it 

I\ olutiorw . Volut.i.o r nre :r,, pJ.od bel ,w; 

fl• t. . o orall little 'O cu~o i t e outer ulr and 

l llc t; l b , re o 1,i la.rt vex tow r t ia &uturu; 

or1 partly o t ,r c, tnct . rf co ,rnn o nt·o 'J 

• rvar 1 • 

ln t et ickcr o c~1on t Fro , t for , ti , 



.rist ro ,<l r e tn!.ns are q_u:i to co o . Hr1~.ovor , due to tho 

type or 1 .. csar-v•1i;ion no gor1d npocl :,en!:' Y:ero ol t • inM.1 except; 

t ~ ab)VO aescr1 ea ro~ . r o louor units or t e Pr e~t 

Can-ron , ~pee! e ill na. o ... th T 1in ,, . ¼octlo .s h · ve 11 

uut thoy 8.!'8 t" ctically 1!'l t)aaiblo tn ~ct <JUt ,f .,, 0 1'0 1"' • 

In t C i 1.i c11 ed 

:JC.pie eotron1Jl'ls 

but 1 . 'J.' ose foi:-

Poleicypo 

rut unfortunntoly 

•·1 ro obt;!"lifl c•. 

fcuslblo . 

0 

zone of ..,out;h i.'r.-ln i. ~1uc .ion so e rtl!. Cl ' O-

,,e r e ob,;n1ned in tie 1· Sldue r1•0 t ~ ncld 

nro pt·obi ' l nepionlc n d -were ol; ,~ >n~ld -

Cl ~sn PEL :cy DJ 

ro ni :., ore r oont in the ~o"'lo~t i'or ntl. >n 

t•o St> poorl prnoorvod t'lo\·1t o spAr.in::0 rn 

"li .. , fc :nopl'J~ic f'">r .r. re o tni ed 

;rdo r lIC I LP .;C AI!TD/! 

'EPHIPPJ JRT~1CERA~ sp . i 1det . 

Pl • JV • fi • :,. 
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of the basnl Fra• nont . S ec:i on 7;> • l ong with 12 ca •~rHe 

1n ·1 l on t l\li t e bo!'to c!' t npoci on tho cc nto;i:• 

<>f t. e s.i., ~uncle a o fr J tho vont,r 1 wull , w le c:.t t h ~ 

to~ or the Bpnc1 e to ul 1 n·Lo is Ll . fro to ,ontrn l 

w• 1.. . .. o :; •,ts r ·• o, 1cnve n ,:re c > 1cnve .., t e vori-

o trace ;f s rfece or a e tnt · o ro oinn . 

Locnl i. ty of r~ rure o cci e : o 11t t . !lectio , l.0 1 

b J VC t e bnsc oft 

Order A• 1,.1 Al'Il 

Ccmw J'? 'JC , f..; t :ik~s 

Oi< nc A.., sp . J ndet . 

,> ' • IV , fi , s . 2n I • 

o ,t•ly preflervcd o eel •on r, o • n port · on ~rte 

ip' unc l e,; t1e e t fl of s .::pl n le sp h nr-:..i.cin1 , (1 ve r a i 

:1.n he .t ~1t; s l phunc l e lies cl ose t,> t:bo co. 1vci.x 3i cic of the 

:Jhe ll . J r,u:re 2b .is t,. , le or 

r , 

lr:,ocal1.ty , f ficurod &peel 

1,·,p ,f ~J •\ fo t•rnntlon . 

n , ,l: : 

... r,oc.i un r:ro th col l O<!, lo ,~ 

.iouth T ,in ... 
• .... • t fl', ) '11 



1hylum ARl'lli,l ) '() ,fl 

C ltt ns c1m .. .;TACEA 

5ub cla s{l THTJ HH l'/\ 

irc1or ·ROP !lJA 

ouncrfru: ily (; :rn RICI! · ::,., i l, , 1937 

..,ubfn i ly C rR Rl uy o d , 19t) 

cHnAunus uI · a..11 ~ 1 J<"'O , 1 113 

Cornur us ol i nonsis SL ' 0 , 19 11 , • eld !l . t lot; ., 
--•- I --- i:. J8J I • .:icr . , ) . , p . 7.3, 11 . XVII, l" • · - ;;J • 

Cerauru•1 71" ·h·cns: ~ 31 ,ro"l. . Jr. CO • 1916 , Tom uool . u rv ev, 
I -,--,J, ---

.,..v ... O_l_._X:_X_V_. _A_n __ • -"'-<._:>_._L-'-t...... • '- '- Li , pl • ..\. V II , i s • 

c~•~•aurus el inenota Sloc o :'.!1. LT R. 1 .> J , --- - 1 )l~ , 
,, . 1Jl3, , . t;, , 

Co hn lo SU lwinte , · dt ore t 

lo t . r Lol,o llc c>nvex , ~l vato , ltlS t 

tnriorly u t · i t w dt eorly e u · 1 
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1 ') (I ·, ol . 
1.x: ;"• . 

1n tl ·~'0 I, . 

!l!"l nl!' t 

ts lcn t 

au rvov , 
lCJ . 

en t 

C, vt.i..dth 

..i.denl · 

nter.i.o~ 



lob< c :> st. tutln nl :1nt o o-f:iu-rt th Llntir.• l n h of he 

la e11:1; t reo tlll r of later ort . v.nl l. 

"1 :tnl B 1 Si C l03t l)I'i ..>r tho tw:> n tot •1 ,r •ulrs 0£ .fur -

.r~· o are t:1•0.n..1v 1•1w, t c ontor.i.01· nir uro tr••· nsvero f".>r 

ao 1 nt clevat;ed at the p1•torl ,r .111· ·n , oloping into t 1 e 

occipital !\lr-T 'O; oc··>1t:-'1] f'Ut ' l'!J shnll:rn , crm.-:uvo i1 tl-c, 

t labollar lf 1bos ; dorual fur u ,H deop , nngular , ro r- -.i s.; 

deep un 1:1r pns wb.,,ro the 11er e into thu ar 1nn l fu r row s ; 

If; e d;') •nl furr ,we: the roe i 1_ 1. suturc«J o:r ! innb I') 1 t o lato~ -

~l. ar i ,u , n l · •c I' t t 

iC ~·,. o for u1· nn w"r to t· e lilPobral lobes , ,1h1cl-i t ey 

itraverne , t en t<Jrv;, :rd trJ ., o nter1 >r t ey r en¢h 

· n .:: o t of lhe l••bo 1 ln ; f r oe c ,eokn o 11 , loon thun one -

third t. 

lholla 1 ~ 

si a or t e :!'i. od cheeks . Tho sw•fac !Jr the la -

ve1•0 1 .. 
" ore or leon ~o ~larly d stributod 

rtutiorTlo di. atri b 1tod over the and u ·>llr ntly t <, tutie~·c 1 ,._, 

id c •eat?e posto ".i.orl nlo th ap n • 

11 oro,c a Hl I yp ,t; e lnc lit 



Ge 11.io 1; R lL u .. , nrton , 1 lJ 

CE AURINUS ICA Uw ( 011 l l n '!.l ) , l }.;O 

, 1 • rv , ft • 7 • 

r iu spocloc i identlflod rr~ 

bel.lfl . 0 1.eboJJ. · ouotft.n l'ato, ro 1 ded n front 

rt o lnboll!l transve, l· ov•l, i ))U , t · c~ wi llll 

l on , . lu.ter· 1 lo os o l'Y trun v rsc und sb-,ut equal l. 

81'' . Club~ llar fu.rrows dist i ct; , lcn ... bo t o <::- t: 1rc1 

t;o · at 01 

Je1.lu ; poute, •· ot" pnir si .i.lm:• tn t.ho '11 dl. pair> 1'01· 1 t of 

1t ,o .ton ·t1 but :'V · the i l' r- •<i n :ru1,tly ont ock rd 

:ico l' tin the ,ster1 ,r ln ell 

1'!1 >r u t and py 1diu un - ?:', • fiypr,type 1 > ... lit : 

!Jpoc1 on ill ucr.ti , 40, frr, t o b1 •00 01' 0 ntior • 
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SubclllS3 OST'iAC >DI 

tlo 1us n '•o:,;yp I Jrody , 1890 

)"-t'T l~YP ! C' r,1 D ICA (Tia11) • 1 )'/;"J 

p 1 • I V , r · s . 1 o - ) . 

I«ll , 11389, Cont.t•L C· . . 
I J . ( Not )l . IX, ff-: "3). 

Jl' r ·n li,y l co"1c· ve . Len tl. l. ~ .. Cl.{l'_,rtl; . , 
tl l .;knot.rn • ~ f'? • Hypoty 8 1 JCC l ity: .... 1· Ci fiod 30?l(l • ;~:mt;h 

rv,ln ~t • 60(~1,1 n , so, fl'O top O t O fr , ... .., l . • on. 

:Frun.ily rr > IDJT • I U11·Lc l o llau::.J.e r 

Genus 1 • t lriel , L 1};~ 

t' l. JV, f1 s . 81 -

cur u:.ico 3 lfll l ; 0t,bo•,1ato , brc,uclly umbo ate :i r:, 1 

convex in dl'>1•1:rnl ,-,0 io m d p ' ne t d 1.n 1,on,t•£1l ulop , 1•.:. ~1 

vnl~·c ovorlo1,s he l ft vnl·i;c1 ventrally . Len ~th . ,; r5 .. 
hci • .:~O , • , t lc'mcsr: v. 175 m. Lr,c• l.'t 01 1 "1.lr• d 



!for 1ntio:'.1. 

Ge s .P/IRA 'A lIIl ' , Ult•"cl~ und ,r.oolor 

Pt,nA.t)ARC I Tl' 3 Y ... nROVll'iJ , , n . sp . 

1 . V, fi s . lln -b . 

Carnpn co l ,.rcc , s ubc :1 re ular , v,..:.atr· l c d-y<: ,f · ght 

Vf.\1.VO ovorlnp~ t.ho h t! filed ed C of t.lit'J J.Cf t v a l VO; . ')f>f:lO l 

,Jc o of lo ft vo.1 ve <>Verl"t, i ri t ve.l\t' . ·ye t;u ,n·c.l.e or. 

\Hllv,3n :J or>t h , e-. mtl 1 cO'i \Cit U:; ·eaoure101ts of ,i.otyr,e ; 

1cn t l .. . , t uc' ieso o .. b .t vnlves O. ~ 

I • 

I in :{'o-r.:n, C, • Ill .l. l t,"\0 s! l nlftod ,) C ~r t 

~?''10ti , is e.l.1,) k ' ' I f l' t. !re :tcf) r~- n i m of k l a -

l r:> !) • ltl1, ccordin to SOL r Kc 11.c ~~' t C rnn r,f the 

10 UD ra.::>fl!'C. ' tl i. I vc, 1 to 0 ia'l . T ch I ·OCtl!I' i !lnc:; -----
tJC t 1G ;t; \ .:; 1eclen t ndir.ut 

' 
• (H (\'tr 1 ,hut i '.; . ' a form of 

t: ia enuu . 

llo lf;t1I)e to ·,e d.o o:..H.od int: e Untve1 •oit .1 1'.!11 hr>la 

l't1lcont.01 CJ icnl Col I ectionr . I<>) ot e l:'wol1 ty: .,~;.it J.'Win 

t e t,.J, ,f e for •ntt , . ( rho n:, e. 

------- -- -------- ---------- -- -----
tmico . i ,,n, Mey , 19$1 . 

li.5Rol ,. '•1s ol o1• 1.nd sotty ellc t t: , 'Otib ]i rJ& '' P Le ln dex: 
pr I A u , s . ncodn. , 1' Geol . o :.~ 1: · , Spoci nl fl r l o . 
l. 193 , I 2 3 . -
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t.!."PERl) lTEL.A AE T .. AL""'llL (Ulrle•h). 1892 

Pl . IV , fl • \ )e -b . 

st 'l\ ight Hl o:1t t 1e l en .. 'h n ... th• ct •opnco , an l ee dlctl!• c t ; 

J:ne; carnnnco od. r atel~ ~~nl ex ~~ce, t 1n t he last thlrd or 

tho unto •tor and , v.ho1•c · , eco ~~:J ulight1y NJ 'Orcnsod ; Hu.r-

fta c n•n rurmntnti n lu~kl T'I . ll-yr:-:it~"P._ lo,. u lity: lili c "ft o d 

7.<Jl'!O . south ~l'Win I; . tiection, S,01 frv -;.} c t op r>f t1 o r or ini•-

"', ip I' .!L A ..1ULC 1 ;> ( ulr·.t ,1 ) , 1092 

1 . lV , fl . 11,.. 

Ccr apnce l ar e , :sul ,11\ l 1n out l.l no , ,1ldest ,r., te~1 ,r ) ; 

pootc .... · er tu.'1rl. ; ioi t f l'Outo ·t thic'men 1:11..t le b h1 id 

t e c ntor . Hi best i t pr, t. rin,., nl!' , l; ~ nlopin down 

t;o the i e ll .1 . V r di 5t' ct !J 11 cus extondln ha lf th."':r ,ss 
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t le es , l 

· 1 • cit" o_. ~Jn • Su 1th Tw1. 

ntypo l ,coli ty: 

. ., , -:,f /:o r a ,1 1 ) • 

'1' s :.ip~cic occ:.tra nlso , o r t a :I; ) r.Jf t o rr " t t ,.. 

Fa • lly 3 C R I.IDA 

Gflnl.lO rou. u ~ I.LA 171.r .1 ch. 1/}9 1 

'CRJ\u.,.ur .. 1, nn i.:01 I\LJ Ul 1ch, 1P, 11 

'l • TV , f i . C). 

Cm•o.puc nlcmg:1tu , t.10 ver 1;ro.l t;! I r n r.oa rl y utrn l I;; 

tan lon or !; 'l• e"J.; d ; :r> · l !ll•eln flVe 1-y and ooe ,,._ 

tcl'y arched . Jd arn , qna 1y ... ,) J <4e d . Vnlvoo t and 

knnquul. 11· .., the lA X" e1• (lo.rt) vn.l.ve f)V8:r 1 pn t.n t e :,t t.:r . 

• c r,sterl >r end i• .. nro . ctcd • "O Cl. :l ort , ro1nd fl, 
. 

" .. 
. , ft t 2 l 

top o t e for atlon . 

ITII Ulrich fill 

Gomm U ,!A 1 
• A Kn , l <)Jl 

Pl. IV , fl . 12·1- • 



lal l at1.a onlo ~-,,ds .l{n . . ARl'?., J()J6, ,J.J;!T' . al o '"l ~ont:ol-
o 'v , V -.>.L lfJ, , • 'l , p , ~l+, • 1,l. -fJ,"f'f-;:-:" 7 . 

dur sully t:;r nr uto d c:11li >rn; mar n ro""U 1urJ.y cur •vec1; h lnp;o 

f .i.od "'O o ,,f t h o F:ronr, t f'(Jrma ,1 c, • I ~~o· G lr,c a li ty : 

.., 1 l l c ! .!'l ed •o 



Oonus REC ·Pr C I rr.1 s j efr 1n c , , 1s27 

rn,:c 11r.c Ir · 

1 . I V, fl . 1. 

ecoptnc tlit•)~l owen:t p• L , J 3()1, Heo . ~,· nt . Uool. OJUl"''\i . i sc . , 
P• 11-13. 

nrth r, ,1d c • t o 

Ia,,latoc ~peci ons h~ve been ... . -, . .,e,1 9(J ti) 130 ff•ot: noovc t e 

hano i t I.! ::>out l'v:i . t . &CC l, .. n nnu about ,2') J I n ,ove> t 10 

bll5t'I ir• tlle r_i.t,81:; .,unyJn soct1on . 

•011t ,r tha j,.01-, JB Al'O 0 a:J 1 , 8Vf 1 'H (} sL7- ~ bui rb o ·t 

5 I r1 t 0 ec . en 11.i.ll ~octl m , lo ·o , l' • t e spocl en~• • .. 
me , r flr , nt , ll it illP, f! di'ln-ete:r n1 t wenty to tr.enty - fi ve 

nti 10tP-""S. J'h<' cell nne:rt,1reB nre qundrRugulnr nt t o 

sul'feco , boco c1rc l. r tower the cent o:r•. vi ,<' ')i t, e 

~ crturos 01 t e o tcr orl e ubo~~ 2 . de crnAsin to nbout 

fO I t ') • 



G ?1' ' IV 

Cl.; am o 

1u o c > p ct 1 cla ,se , f'b e ~ > co1H·ael cry!3tnll:t e , olo tt0 

t at •• 

;.' e morkcd di ffcr .. n,;o t o f:iuHo :--nd t o llt ·,l J y 

or ut.tn.a , t,; c ,lllin 1s Ca (O 11 es..;o o :;f uer.tio a ble 

ev i • n n e , · n t n , Cl.'C 

Fro :> t ''.> • • , , • 

In t , ~ e I, I IU l 
•• 

, j r 10 1 

:l.nto t "'i s., con )n :.m 

sod t cu n,L be o ~tunt atod 

cul or .fnu al b:1 . . u,. 
, e Fro~ t for· ·o ca tal 1 ~ lor ~ad 

werte ,~•ute fuunu 

Fivo ,.morn 1>f br o~oan , oix rmorn Ji' br1\chiopodn , nn s l x. 
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i'lr<Jt t , • • l'hln fatm cJnt· lrs t plcil RiG 1 ,J (l f')T'rn,, Cla 

.el ns H ntimul\ • oi' 1 ol, over I fori s of lPc ! Ri vo1• nn 

'Purto,1 time . on t e bi's·= 1J' J e fnw10 t c n e Jf t 

::>r: 1 ti> ls n > ~lrlo •erl · l e ', 1:-md l> u e . 

1'1 ~ Fro r,t .>.',y» ci,J cnn be cc1rre La t,c: w, th t ' 

Fr-e- ont 

n l"!•h eAd , 1,,-r { ,l :1.; a ll.'5 ,<>~• foPmt-i.t.i nn ;f hnl:l.cost:l 

.., ) 



'1art:.m , , uld c . • 11 ·{nvic · o Jt to C olz •u.ri no .·i;; oter. 
> ;helr ., 01 1, Jn , 11 Jr, t;o iversif;--.r 'tnrltes , 
<' L cs TV, V J l. II , ----- L JL . 

.3:ic~ l cr , Huy ..:.. , 11Bi, )l.ir .> pap' '.c It dt.. ')1' cricun Ordov:'.'..ciu.n 
ttni~.$11.u_ri hn:iil~/ 1 ' • .,;_~na.1 !l~eUTl'I lull . • , 
No . 92 , l/.i.,. • 

.,nst.iler , r.ny ., . , 1 11ne .n .1•Htl'TI'Hf;hy o f the Cen1,r"'l ] n3i ll >i' 
i'enn cBsee • 0 ronn~neoe De n t ~EH1t ot' •c fl.t,; ,n , 
Bulletin or t. o v.i. \ i~ io o:f 1}e()l 1@• , :,, . , t t)J2 . 

aa sslor , R~y .:,., " 3ryo,1 0R.'' ,nrt ( ;.) :rent.ice on Inve rt0h'""nte 
Pule, > tolo --:v, Pre )are "· t .no V,1td anc o 01 · t e ·,>i • t 
co w , ttee ,;:,,n InvG.C'lil~b:.·nte t'c lo ont ol.> r: c,loQnt;olo 1-
cs.l St>ciety, •11,cl et.,- of ,,.c riomic l i\lC') ,olo ' 1 s nd 
'j ner•nl •> i.nt:n , P · ·, ao. )nto •N 1 ph3 ,. . 1 ~>><'i ,, r; ,.. oorr· , 
1.ui t ,H. . ( L f ,iron~o , Kan~ •s: 0 dol c l t·a l ,O" · ,;t, of' 

Ar:idr Cll an c Un ' VOl'S. ty 01' R n s«s r l'l aiS . l J~3) . 

u::rnlcr , Rr,y o ., '' 'a tn l Li ::.ts and 
Cornls,~ Gcolo i ~L] Sociot, 
1,50 . 

,,c"l oti onr 
>J ·1e r·l en , 

of Pnl .. oz,te 
o oi.r I 1 , 

3u:J.s1er , t• 
~..,-.; 

• L' l1 .u1•1v rul... ,·,,) ,':' J-:, oft o ,a ti·· 
ccr , '1 u ._ S . 21c.tl_ , : __ , u:u, BulJ . !7 , 19' . 

' 1'.JSl l '' ,, .... . , 'B • 
Oeo1_.!.-~ v~ , 

11 ( , • ). r• · · . •1 • ' c , st · lo 
• 1 ~lJ • 192 I , ~ . ;~63. 

' 1 · I , 

3rni ord , A . . , Un .ld;-1 n , • , an-. Ko.,t; ·, I . !\ , , 'r• 1· pro -
1 on,,. l vnni.an ;;,tr nphy of t r :mt ,un o in 
Cl)lor~t d ) , 1 1lul1 . mo:r . ~soc'. Pet r)l eu; Oe olo ..,i~tn , 
V ) l. 17 , 1 , .3""'J,...,---~3 ""'·t.,,,:, __ ..,.3 :)t> • 
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Buttfl , Charl9n , '' 'l'he '!'ltl:>''ltc ~oc'{.- , , 11 ' le olor;tc n l .~urve of 
J\.labn '!':tEl, 11Goolo o ... ill:"iha..lfn . I !lpe cl al RCl{>Ol"t r-;,.,. 111, 
L42u, po . 41 - 2)0 . 

Dnvl n, 1111n, J . , " A ~01' 1 7'Dpn ()f t.('.I r , ~u11 Corn l :1 o:!. l,'n 
,.i.l\a•J e , d avr-.1 itt n Ho c ·!J or .e •tuc :f , ' In J1 ;o 

Pa rt s , r>~·r•r, 11, Ken t_ucl!v Geoln ic•'l Survey , 18 . 

oc 1~.:r , C al'les • • und cr~ltt , Clit t'o1•d A •. '·t· e tr;1ti .-
r nphy · ,,,~ .,, • ~ .. , l c 1 , c t <'ri tics c,r t;he .,1 p"'on 
Gro up ,'• z:~~ Gevlr> ic, ,1 >ir"to,r , !'11Ll . 55:. 19Jt. 

Flo wer, Ro,urnenu ,l ., ''cep ha lo;>~c s fr, t o 11at-d lnc t'r u 
'nnl t u :-' ,r 1~.tl r,nn "• C•>lor111• o, ' .rou r no l ,; Pul · 0n 

t ol,J!3,Y. V..l1 . 26, 1 , . ,3, 1/ ,::,t', on. ~08-;)~/j . 

'Flfl vlin', Hou,rne au H. , 11tlow or r,ovic I tm Geph o Lopo d !'- i't'o Ea!' tPrn 
N ,rt h /!.1eri ~r-, 0 J,.,u.,,. · .tl] of. •11100 1tol·> :=x. Vol • 26 , 
Ho . 1 t 1 )52 ~ D • :St - ~cj. 

}'no r·::.to , A . .... • ''Up per- O-r-unv ir:5.An J Mm· s r.,f •ntnr' , aid 
Qu" )C' ~ ;• cannc1a no )l. Surv~y . •cm. 138 , 1921,!, 
pp . 1 - 2!;,!). 

,Jo r"n , J en l'h•.> ,~s , :, lt >ct,n!!ll>~ iton 1d !''> .:> /.ll .:.ed Oen t•u ," 
1c10il •. oft o Co,,lo il'l j Su.r-.;o J l r t•nt 8 1•· a .in, 

Vo1 . 1 , .P• 1•t '5-, ~1-:J57 -52 (.--·- ----

'R'lt>k , ~d~.!.n , ' 'Notes o"l nn 1-·.,1•1:v CnlloctiJn or o1en":olc 
o s ' J n fro :i • ,.. ln nd t'' f •• T ,ur . •. cL , Fi.ft 

se r icn , Vol . 10, 1 )~5 , pp . ~!5-~47. -----

;i{Jx k , Ed wl n , "Tho Ha r din Fo r '1:>t. ~ ' > t r,f.' Gnlr::> ~ •cto, 11 
/ c r . Jo r . 

~ • • F " ft 001·10::; , V >; . )(), J.930 , • I :i-l l; . 
,l:, no> , J . 1 • , 1'RA U"'lA ,,r 

Colnr ado , 11 Col or 1~ 

1i o. 19Jis. irP • ~5.:z;). 

c "t1•a1:i ·r ) , o1' 
.inoc Juu rt ... ~ l , Vol. 

u.Mbe.in, • C • . CJ ,l SJ.o~i, 1 • t . , 1 .,t 1•oti popiy nnd ...it:.-1 .e'l 
tntiou,11 • • F:roemnn nnd C() Jtmy , Sun Fr·Bnci,co, 
c· l11'ornla , l' )!il. 

~.overl n , T , • , n d ,!<J ~, J[. , '' onn.I.:n of un.-• f)r ::il t,4e~ 1 
l n t ,,. trati l'Hph o ;entrn1 Golol"t1do , 11 Bu n . rnor . 
AS !'\OC . o ~ ,, ) u: Jt o , ~. Vol. 17, l<)J3:-
p>.)5J - 3 rt. 
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cFurlnn , ~:rt u.r C. , "T c 1ruoviclon i- una r>f ·c i,, 1ck ' , tt 
~ :c ·y Ge:'>l:> lt.:t\l llt'VOV , ,)81'.'i• L3 ., , V•.> • Jo , 1<J31, 

-;-,..,-.~, ~,-- lt>j. -- --

fll•er- , Jo m c . , " .... _ - "'e '-1.ven· •n ~0--1, tho fT'r,nt 
tin e JJ' \.':., l o.,.,H o , lJ. , . Gool . ,Hr .-o::v, :il l. nrid a 3 
Imarn l, l_f' ~ · -~, _7.!.'.:..c C ➔~ _:: •1 •t 1,, ] 'J!,o :--- -

'n. er. J•Jh C • , 
atou t 

o·ti s ,f ,,." - ,tn•n l vr t-1 
l r> t R ' or Col•n•• do , I u. dSOJ . 

U l ' 

·• lJCl t 

-~~. ln.r 68, l9k0 . 

d , H , •A or t. () 
sl i; 
.t t - ------

nt.e f•;r 
l. 150- 1.£\'>/~ • 

f~2...E2, -

, . C l > l,l 6 ~• · H' t' -

o t lt:a .I . I j '· ; • ,r (' ., 
S , Vol . XX .. , 1.9)0 : ~ .-\ - -:-

)T• 

. 1 , ,__ ________ _ •, ldo 

t: lit • V J t ,i r J I 'l 0- e,• 
Stl it I - -· or.i. , V )l , ' . 

vll ;1.~i, .J. . ' 

1 (J 

(; {.) v'"' "" 

a~1,c.', ., 
Uor ·n , 

oc 
! ·";- I 

Co r 
T, L 

ur • o · 
<'le; , ln .J 
~1ty or n , 

i Ar ~._,_l -

. . . 
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Schuche1•t , Cbin•l on , 'A .. ~ync,p!i1.~ c/f A e:,r:c-an f, ,, • ., l1 3t>uc o oct~ 
nc l,.t ding Bi.bli c, n--uphy fl.nct S: r>on· -:ry, '' "'"l_. ___ C_io_o_l. 

,>u.r vtJy , Di.111 , G7, 1894• 

Schuche "t . ChfH•l 1 1 , n ,, , cooper , o. /irt hu r, • irac hi o v<I Jc,nor a 
of ,.,lJ S ., ·c,ors O.:·thoLdon w10 ~~nt1>rr-orotcl1.1 , 11 o , ., 
£>cnb,, nv ·uoc m or o ural Tfin~ ,l'Y, 1/rJl . JV , Pnr ·t":t . ~ ------

vloc r.,• . . , ''f r i.lob l~ s fro oc~ nf u ·t:tt~ 
G•> nt:v . Jo, n . 11 1 owa -.,1u•vcv, Ar u l He 'Jr t , 
1.';ll~ , Vol. XXV .-=------------

l'lr.i"h , •. •oer:...tc , J . l t:r>, ,, . r.: • • Dn l\ Fui-•m r , 
• . ·• )z 1 t>' 1an. a , C' , •·lo J JU' , ·n.rl;o l 

un I, , ~ Gool-.> 'ico !' .en . ,ne , · · a t 
1Qp0l'l;; J "(77J42 ; I' j • ~-- • 

dll • i: ·h , • J . , ' ' On ..'.,ti_1!£2e.Jl'..!... A l • \" :; of Br 10" J~ ! ,•1.i th 
He nr;cs J •'l , '-- l Jn 't"'~\ Unl l , nn,1 )\• •n• G rioru oi:' t1a t: 
ty c , II A '~ -:-. < • n~o lo .1st • , ) 1 • I • 1eoa, J>. ..; 0 ~i. f'C,t• 

l!Jl ·.lch , E . 0 . , ,, I } o · l c l3t· 0 'O'', 11 o~, 1.r"i 1cr !:3\1:C'\IC V ')f 
Il U.110 1:.; , \? 1 . • Vt l1 , pnI't fT , im: 1. vr.-p p•. ,jJ5='o 3, 
Vol . VIII " Lr ~no , 1890 , 

Olc0t,t , <;. }"I . , 11 
..... tll"'i otn• >I" !;10 l)iSCllV <ll ' Y >f fl 

Vc r•t;l,:>1•!lte F!lun dl l riHn ( )rco v·d .'n ) !;rot s ," 
..!.,ll .~,:!,_~/> _c_. ___ r15'..:._, V :l. J . t (\ 1;~, ,p . 1';.J- 17~~. 

t.Gn , Y , . fl •1q_u,k-0tr T':.11" lor,.-,ln Tr •1 , ll '~'Ol,., • Al ~l'licf: t 
er A o rl~n, •a o·T' 12 , 1, ) . 

~h lttln ~t on ~ n d 
r••1v·c· r• 
o o1r ;,"J, 19 , • 

i.1 Dr> 1., C 111.r l, ui . , .r,-,. . 1 r a - Ch ntt nn o --o --,tl' ni; i. r•n b.y l.n 
Co ~r ••1 nn " , 11 t te r,f c,, ... • .~o c orl: er.t of 
~,6 1' \Sti; , ili \11.Bfiinof_!OCJi} \Ul) :-Ca):-l lJ4 r.-
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1.nc· 1}1.1 . ewt ,n 11Geol y (Jf ln, o .iotn . ' , . I rt , Pi l't 
l , of t o 'i ~l Ro :il't . l 1.$-H.392, n • )~-1174. 

i1 c Ol l. . cuton • . 
t; '!' 1 ' , .... r-r;:--or--i--- in u1--



Pn a 

l . Ht.1.0 1uotr mA quad r ·i t I'\ { H J,.,1 n er) • • • • • • . • . • . • • . • • • • • • • l~ o 
1 • ti'J!l · t1.d' 11al e<'t -,n s ow1ng no r•t l >r }f' 

mntur~ ro · J ... , X20. 
b . 1,0·, ,i tarli n L soct. · '.> • a, > • 1 l)ot ntUJ"u 

,,ind i ntm•o ••fi I -, • 'l , X20. 
c . 1'r o.nsval't10 socl, : ,:>1\, X20. 

2 . eloo()ro 11uric1'ta 1·1r c.... ... .. .. ............... .. .. ~ l 
a . l:.>1,P.(' ' l J xi s . 
b . Lo 1t'H'l ul .mcti ·11. X20 . 

3. ~ceo t ro Jorn • · , ~r, . . • . . . . . . . . . . . . . . • . . . . . . JO 
fl • Lon 't 1 l(\ -; l ,11 ~' O";' , .,,-1; i ) ,r 

two !'-C en~ c ·tr.d a t ,..nnt;Vt>l' ,e ooct :.in, 
'•20 . 

J . _'rE1nsvcrse ~actior t;l 1 o 
axounded cop of s Sl' ent . 
srrn,, (;j eut of z J'Jec a nn<l 

J.a1• e . 
•~e 

1•oscnce 
tl1c ;f t· .i.nt.-rve 1 t\,lJes , 1v·11 

n <> .rnnc >f ,pore& , XZ,, . 
,. . o. i.tu1l.i.n 1 s lo of n c > ploto 

.>O • it , X!;>O. 
< . ..... tori >r )f t; () low r n1f .,f u 
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