
DEPARTMENT OF THE INTERIOR 
UNITED ST ATES GEOLOGICAL SURVEY 

E XPLANAT O N 
OF L NE SYM SOLS 

!'au tba 

" DtUhl!d. "' lim'! l.frl">';rll The Dukll d H'lll 8 
f>in<11dai"JI t WW f-1 t11 11W o Faw~ Cruk 
a "'appear~ o N<pn: ~mt a &l oht 11 If~,. ge 
dzp ma p w~ :ha thCl n h a le.~ fJ} 

U. Ye lW o R " 

D ht o81lll/tt d 

~ 

P ~erlale B~ I LtLi:e 
~-> 

P c-B~ Lake 

D ect on of ce mo cment 

-~ 

P neda!e glac a str at on 

P neda e 

Melt '0\!l.U! 

s ' 

B~ L>~ke 

channe 
0 1l /JJ 

Crest of mo anal dge 
U 1e nnby o """'" dpo 

S umpecarp 

Ku.nococcap 

St cam terrace sea p 
NILII ber nd n CJ {I j e '] Prl"lm' rtlll> t 

R n'lllll H! tf (J <IM'Mft Si'JUI a ~ by C~ 
ll a e tlw 007 ynW 

[j]-
Loca on an DLI nhe o s g a ph 

ace on 

~ 
Loea on and ctt-c of so I rof le 

.2. 
E~ mated h ckness or su f t a depo til 

CG 11 QBY • 
Loca on and k nd of er atu: 

AO<Je<M ud ~ e Abaul;\ola S«. 

t Sa11d o .e 

Till 

Till 

0 
Till 

Til 

Tll 

'I 

[Sill 
""'' gtac er 

eneer 

Rubble 
enee 

[83 
Reek 

i:' ae er 

B 
Rubble 

""""" 

a Su f'\1 
955 

T o , .. 
•<s 

CE CONTACT DEPOS TS 
LACUS rl N c; 

DEPOS TS 
c-'-, 

G 
X.mo 
.,.. <I 

B 
Kame grave 

B 
Esker 
gra et 

G 
Kame wa e 

B 
Kame nwash 

fan grave Ioo-dammed 
takes t 

G 
lee dammed 

lab.-e sill 

E X p L A N 

8 [:;;-::] ~' ~ F nc grame ~treum Pan depos ts 
h mcWu urn gr el fg,(Jr e 

B 
Outwash grave 

F ood nepos ts 

fm mu4dv 
fl'ro-W 

Oui\\ash and AJluvm and 
si earn grave outwash fan 

grave 

Sedmenho We~ 'l e owstoneBasn 

EJ 
Gravel fan gra. d 

Gra e) 

' 

SURFICIAL GEOLOGIC MAP OF THE MOUNT 

SCA E 1 62 ':i:JU 

' :l 4 M u::s 

CONTOUR NTER\'AL 40 AND 60 FEET 
OOTIED L NES REPRESENT 40-FOOT CO~OURS 

DATUM 5 ~EAN SEA LEVEL 

A T 

Coltuv urn 

0 N 

So flucton 
depo t 

Scree depoo t 
r ufmbb~ 

r, 
dcpos 

B 
Taus 
I" 

Talus flo~>. 
depos 

Ta us flo\\ 
depo.s t 

F ost 
ublJic 

F ost 
rubW 

B ocl: 
r bb c 

Bok 
rubble 

QU OR~NGl£ 0CA ON 

Ava\an he 
dob s 

~ 
Lands! de deposH 
" und$ d~ rlepoflt 

ndifferrml ated 
" " hflO' "p. 

H DROTHERIIAL. 
DEPOS TS 

BEDROC X 

Bed oek 
I ~el ak6 roo:;h of J'ki.,s Qo~;e e 

lu P e aminm ~~t~e 

" 
" z 

" w 
c 

" 0 

0 

"' '' 

.. 

•• 
fm 

" 

I 

• 
•• 

,,, 

' " 

,, 

' 

pk;gu 

,,, 

,., 

'" 

,. 

DESCRIP'I'TON OF I ;..t rTS 
NEOGLACIATIQN 

GLACIAL DEPOS TS 
T 11-Gray nonstrat fed and unsorted angu ar rock 

dcbr s m sparse matr x Forms small end morames 
10 <10 foot h gh n nor h fae ng c rques Gradat on a\ 
w th ~n J n ludes protalus ramparL'l Gannett Peak 
T II (g ) forms a s ng e mora nal r dge ncompletely 
covered w th l chen but ttlc o her vegeta on Tern 
p e Lake T I (tt) fo ms se eral s l ghtly wea he-ed 
no a a dgel'i co e ed w til I e and local t ees 

and grass Th ckness 10 40 feet 
Rock glac er- Glac er shaped tongue of angu ar 

rock debns that heads n taus from c rque headwalls 
Surface flow dges and fu rrows are co vex \own 
slope R ubble s ma nly res stant andes1t c ntrus vc 
rocks Depos ts of Gannett Peak Stade (grg) have 
ve y s eep unstable fronts and are act ve fresh and 
ba en Depos ts of Tempe l ake SUI II:! ( g <~.rc n 
act ve or e,s act c w th loca unstab le fronts oca ) 
suppor t trees are more complete y covered w th 
I chens and a e locally overr dden b) Gannett Peak 

ck g ace Th cknes!S 20 200 feet 
ALLUVIAL DEP OS ITS 

F ne-gra ned hum c allu 1um- S It and subord nate 
sand day a nd pant rna er al hat under es wet 
g ound along d a nagcs a d 1 upland dep ess ons 
supports lush stands of tal grasses and sedges 
Peaty at su fa<..-e locally ncludes rna ! at depth 
( t at graph c sect on ) Th ckness 2 20 feet 

St ca n g a el Sand~ g a el w h m no r nte 
beds of sand and sIt forms a luv a flats 0 10 feet 
above the present sl cams mode ately sorted 
Gra e s sub ounded 1 4 nches m diameter and 
calr.a eou General y 10 :10 feet th ck but ll Gal 
\at n R ve valley po~s bly I 00 reet th ck 

Fan depos ts AI uv al fans of boulders cobbles 
and pebbles n a sandy matr x below steep slope .. 
F'a n g a ~1 (fg) p n t~ sorl~d c I y I cddeJ co 
ta ns f ner gra ned nterbcds M udd~ fan g ave\ (fm) 
s e y poor y sorted f ood an d mudt ow de1 os ts 
conta n ng abundant r ne~ Mo t v 10 ::.0 feeL h ek 

CO LL U\ AT nr:POS TS 
So fluct on depos t-S any mud on gent e and mod 

crate slopes above t mberl ne Unsorted non bedded 
Generally over\ es shay bedrock Seasonal y act ve 
form ng smal terraces where emplaced by shallow 
flow dur ng thaw Conta ns more f ne and fev.er 
c;oa se particles han frost rubh e (fr) De past 2 5 
fee th ck 

Taus depos t Angul r ock r bb e o m ng co es 
o ap ons a steep slopes nea t mberl nc C l a~ts 

commonly more Lhan G nchcs ac oss Dcpos t 
bears I le vegeta.t on except hehens Interst ees 
vo d near surface bu s lty matr x at de>th A t e 
p ecemeal accumulat on f10m c1 ffs or pos l ons 
upslope Mostly() 30 feet th ck 

Talus flow depos t-O pen rubh e o angular ro.ck s 
on mOO~ra ~ lope Mass movement hown by I 
bate fo m ddormat on of turf at toe and l y un 
stab cor recent u ned ro k fragments fh kncs 
a 30 feet 

East lie Rllle t~ \lese\ wh 
a f neg a ned matnx: an gentle s opes above t mber 

ne Seasonal movement nd cated bv spa se o d El­

rupted tundra and by th n azonal so I Formed by 
frost m x g sl I ng an I s t fl I n Inter n eJ ale 
between so f'luct on dcpQll t (sd) and block rubble 
(rb) n rat o o[ mal x to blocks Th cknl.l SS 3 6 foot 

Blo k ubblc-Largc angular bocks nte st ces 
I'D d a though £ ne gra ed nal o u near I ase 
of dcpos t Ba en o urs nea o abo e t mbe I ne 
on mo derate to ge le slopes F ost ven from un 
derlyu g U drock or from bedrock mmed ately up 
s ope L chen cover ncompletc T h ckness 3 10 
feet 

A a an he debr s-Bou der o pebble s zed rock 
l' agments n a fnc-g a cJ a x r rns fan 
shaped or lobate depos WI at base of avalanche chutes 
Depo s crude y bedded un orted o poor!) sorted 

c.a ly vc v bo ldcry Cons sts of debns ransported 
by sno w a aan he u:s ru t.ldJ he an ! 
mudflo v Generall mapped on\~ be ow act ve chu es 
v. here normal fo est s rep aced by small trees ~lastly 
5 20 feet th ck 

Lands) de dcpos t-Nonsorted deb s n a clayey 
matr x forms abate masses Generally results from 
fa lure n shaly bedroek but neludes blocks o( harder 
bfflro k that o erl es the shale Most deposits have 
moved ecen y a, nd c te I I y e lges dcp es 
s ens and slump sen ps Earth flov. dcpo, ts (ef 
a e espec a lly eta~ ey and cha acte ze J bJ smooth 
flow ndges and troughs parallel o per phery of da 
post No tl of ::i{ o t man T akc lands de appea s 
glac ated by late P ncdale ce Mostb 20 100 feel. 
th ck 

HYDROTHERMAL DEPOS TS 
T avert e L gl t g ay porou, cal um carbonate 

that cements gravel 1 o m les west of Fal'tn Pass 
No mode n depo~ t on ve t cal se ons 10 feet th ck 
exposed b~ eros on 

PINF.DA LI!: GL \C \PI ON 
Gl AC AL DE POS TS 

r II S m lar o adJace nt older P neda c T I (pt) bu 
sl ghtly mo e bouldcry and cstr cted to mounta n 
val eys Commonly forms three se so well de f ned 
e d nora es 10 50 feel h gh and 0 55 m les dov.n 
val ey from h gil north fac ng c rques The B hor 
zon and the C"" hor zon f present ot so l p or cs 
F' G and Q look I ke those on nearby olde P Mda e 
depos ts bu are abo t 0 '-' foot h Along Pan 
th and F'awn Creeks outer end no a nes (ptu ) are 
poorly ex e ed e gn f ~ant y eroded and mav be 
u d T of ate P eda c age probab y OL'Curs n 
headwaters of Gard nf!l Rver but a end mo a e!l 
observed Th ckness5 l OOfeet 

Rock glac e - Mater mle s m lar to younger Neo 
glac: al ock glac ers (g g trg) I fo m of depos 
qu tc d Ifcrcnt characte zed by col apse dcp es 
s ens large~ obi tc atcd f O\\ features a nd ounded 
f on tal slope cr!lst Locally forested and mant cd 
by t u :so 1 ckne s 10 ~0 fee 

Ruhh e cnee -S m Ia to olde r nedal ubb e 
vcncc (p ) but scour features of enclosed bed ock 
areas fresher Oceu s liP a ley from late P no \ale 
no a nes 

T II-Unsorted nonst1at fed compact m :<turc of 
round tones sand s l and elay depos ted b~ glac ers 
Mones most y subrounded G ac lly str a ted and 
fa~ Ia t a con n n u~I os I L a e d ff cult 
to recogn ze on su face South of Mount Holme 
the L l brown sand:-,; oncal areous and cl n 

h:y ol e ll ff v h e;Ber a ruo nts of basa lt gne ~~ 
and rus e a de~ Le In o t we:stc n o ne of 
mapped area brown 9 ty noncalca eous clast~ 

rna nty andes te boulders 0 3 1 foot n d amctc 
rn t:f'ntr::tl two-th ds o f a a p nk sh gray to gray 
c ayey a d ca careous nost clasts I foot ac ass and 
of nt us vc andes e I mcstone and f able qua l e 
II most oecu ;; as undu atmg ground mora ne 
[ n western part of area forms end mo a nes w th 
hum n ocky topograph:-,; and undra ned depre~~ ons 

dges are 10 40 feet h gh 20 900 feet v de and 
s ope as much as 20 Cres s of end mora nes partly 
covered 10 30 ercent) I y 1 I ng s ;on 0 5 1 
foot across End mora nes along Gra) I ng Creek 
studded w th arge boulders of gne ss from The 
Crags End mora~nes elsewhere are not par t cularly 
OOuldery ow ng to a Ia k of boulder form ng bed 
rock and the abundance of f ne gra ned mater als 
Drum o dal topog aphy consp cuous n and near 
Gardners Hole 
In centra l two th ds of area Western D own Forest 
pedoca so s ar~ formed on the ea careous clayey 
t II The degree o apparent development 1S var able 
n bette developed prof es (so I prof les A B D H 

I J l M P and U) the B hor wn exle Is abo t 2 3 
feet below the su face So 1 color textu re a nd struc 
turc arc weak!) to perhaps moderately developed 
Ca bonate lenses and nds n the C"" hor zan are 
a<> m has nch th ck On nunca c.areo s t I h ow 
pod o c so Is mos b less than 2 feet th ck are formed 
Weathe ng r nds average css than 0 6 mm th ck fo• 
each of abou 20 su tes of 10 or more g ae a lly 
ali lH I nt us e a le~ te le t.e f m the c es s 
of the outermost to the nnermost end mora nes 
1 he till has been mod f cd b~ frost heavmg and on 
lopes by sol fluct on and creep T ll ts commonly 

n e L a ?() feet th k a! ng valiHy boll(] ns a d at 
end mora nes but ground mo a ne mostly less than 
a fee th ck on up nd~ and steep ~topes 

Rubbl enee T a t o o e be ock o ubble 
n oo e f neg u ned matt x on g a a ed up ands 

Mostly ""eathe ed espec all b ost ):1 ate ses 
f om oca bed ock but contu ns son e J;Jil.(j a 
crrot cs Terra n under a n by rubble veneer (p ) 
grad a onal w th and s m lar n appearance to much 
of Ll at u de Ian by t II (p t) I ut u I ~ u ~ed gla al 
depos ts are pres nt only locally n glac a\ rubble 
areas Incudes d scant nuous bands of so tluct on 
debr s espec all~ near tree l ne Mapped a eas nc ude 
many~ a I cute 01 ~ uf g:lac aLed bed ock U[l ands 
a Quadran Mollnta appear glac atcd bu no 
er ab swerefound Th cknessO 5fee 

ICE CONTAC T DEPOSITS 
Kame g avel-S m Ia to P ncda c kane g ave] 

(pkg) but depos ted v th n a ea oecup ed by late 
P nedale ce 

Kame g a vel-Buff to g ay n oderately well so ted 
grave .and gra clly sand commonly hav ng ce 
con act frontal scarps Uppc su fuce d splays 

egular terraces r dges and ke ties I regu arly 
bedded w th a brupt er ca l anj latera changlls n 
gra s e m: ud ng local d and s t beds G ave! 
mostly ess than 6 nchc n d amet r composed of 
I mestone sandstone ntrus e andes e and o a I) 
Precamhnan cr~sta tl nc rocks Locall y over) es un 
weathered P nedale T II (stra t .. aph c sect on 1) 
Th ckness 20 100 feEt 

E~ke gra c -:S nuous r dge of 
depos ted by subglac a st ea 
better sorted than kame ~ra 

feet h ck 

veil sor ted gravel 
M(] e g avelly an I 

el Mostly 10 30 

Kane vash fan g ve - S ll' r o kame g ave 
(pkg hut no e u fo b dded a s ed D~: 

1 os ted bel nd ce dam nc .. r st at graph c sect o 
2 and a p of e P Moslly 10 30 fee th c:k 

LACUSTRINE DEPOSITS 

I e Ja ~:J ake s lt-G a~ bedded calcan~ous 

,,, 

'' 

bk, 

'" 

s l 0 u whee glace from Galla n R V€ 

alley dammed tower F'an Creek and upstream 
where gl:;~.c er from EasL Fork valley dammed the 
dra nage to the south Most y 10 30 fcetth ck 

ALLUVLAL DEPOSITS 
Outwash. gravel S m lar to o der P ncdalc outwash 

gravel (pg) but assoc ated w ~h end mora ncs of 
\ale P nedale age So prof le G has weak 8 her 
zon ove C hor on rna ked b cal chc coatings 

nch th ck on pebbles Most y 10 30 cct th ck 
Flood depo t BuH coarse bou dery gra el 

1 oorly to moderat.!ly so ~d poorly bedded boulders 
mostly of basalt and gne ss a d have percuss on 
spalls Depos ts lorm large long tud nal bars g ant 
r1pp e marks and sharp bars and swales In the Yet 
lowstone R er valley clepostts e.xtend f rom rver 
le\e 200 feet ups ope lo flood r pped and resed1 
mentedfrontsof alluv al fans Probably of late P ne­
dale age Much smal e depos ts along Gra~ l ng 
Creek form bo Icier studded terraces and a bar 
and swale topography Pro hahly of late P ne lale 
age Th ckness20 100 feet 

Outwash and stream gravel Gray to buf[ mod 
erately sorted gra e w th sandy matr x under 
I es te aces 5 15 reet above streams and abandoned 
melt water channels stones sub ounded to ounded 
mo,t y 1 0 mches n d ameter EKccpl n southwest 
corne r of mapped area roundstones are n order of 
decreas ng abuundance arbanate rork:;~ ntrus e 
andes tc rocks fr able quartz te sandstone and 
gne ss S t~ allu a mantle has nf Jtratcd gravels 
o a d n rorm ng a weak so I v h a color B hor 

wn 1 2 feet th ck undcrla n b a moderately d~ 

vel oped ca che 1 2 fee l th ck Th ck ness 5 30 feet 
Alluv al and outwash fan gravel-Most y s m la 

to Net glac <~.1 fa g a vel ( fg) hut bulk of deposit 
accumulated n P nedale t me oca \y nc sed by 
modern streams l n southwest pa rt of area fo ms 
outwash Ean of modera e y so rted pebble gra el 
,., h I ;.: ~ west r om P ne iate end mora nes 
and Iar-s o er sed ments of West 't ellow tone Bas n 
(wgs Most!:; lU 50 fee t th ck 

COLLUV IAL DEPOSITS 
Col uv urn Local y de ed rock rubble n an abun 

dant f negra ned matr x In western part of area 
mapped beyond I m ts of Bull Lake and P nedale 
Glac ations but cant g uous w th areas of pre Bull 
Lake til (pbt) Mostly stable with a weak y developed 
so I l 3 feet th ck Depos ts cally n I e a ~ o nge 
act esu rfacelayer Mostly3 Bfcetth ck 

Sc ee dcpos t of uff ubb e Smal r ebblc s ze d 
ag men uf ~ on;; rhyot te fa m ng sheets over 

u(f bedrock a d a prons or co es farth~r dov. ns ope 
General y co ercd by open forest ndudes surface 
mater a that sl des and tumbles downh II agamst t rees 
and other oh>t ;ae: es Th ckness of sheets 0 5 feet of 
aprons and cones 5 30 feet 

Talus dcpos t H.ubblc of angu ar rocks as large 
as 4 feet n d1ameter Forms aprons and cones on 
sl!:!e I r ge n t!~~~~ below cl ffs Fme-gra ned rna 
t x common v extends to surface wl c c so I s weak 
hum1c and 1 3 feet th ck Depos t nact ve and gcn 
era 1:\- covered w th trees or grass Th ckness 5 50 
feet 

Taus flov. depos t-S m Jar to younger Neog\«<: al 
tslus f ow {tt) but nact ve and partly vegetation 
covered 

Fros r bh\e---S m Ia to younger Neog:l a 
frost rubble (t ) but covered by turf except for pro­
trud ng large blocks of l chen covered rubb e v r 
tuo. I) stable Occurs n d y open areas nea t mber 
t ne :\1 v 2 5Ce lh ck 

Bock rubble S m la to younge '\eoglac a 
block rubble ( b but nact ve and below t ml er 
I ne Interstices open at surface depos ts welt dra ned 
and veg t.al n ;;par.>e ex ept fo hea :y 1 hen cov r 
Mosty3 8feetthck 

IH I OS! IS OF' THE P INEDA I E BUI L I \I{E IN E R\ \L 
AL LUVI AL DF.POS T,:,) 

Sed ments of West ) ellow~to e Bas n- G a sa d 
and f nc gra c fo m ng coate8C ng altu a ans of 
low grad en Depos t coa ens {!as ~>.ard towa d~ 
so ce lnc sed 0 20 eet b~ modern st eams and 
o g nal slope of surface of der os t mod fed b~ 
leeton c t t ng Depo3 t vel bedded w th beds 

2 fee t th ck c oss strabf cat on m beds at 
ow angles g ravel commonly openwork Eastern 
co l.a t w I lwash f n uf P n o'Uale gravel (p g) 
mapped at edge of r ecoil n zable P nedale chan nel 
mo hology 
Clast~ a e dom nanlly s ony rhyol te but to south 
we:sl Wc:st Yellows one quadmng e obs dan 
clasts become dom na.nt II ghlv permeable uppe 
surface genera ly dr) supportmg spa:rse stand of 
lodgepole p ne ~eakly developed so 1 has adm xed 
w ndblown sIt n uppe 12 18 mches 0 curs ns de 
loop of ear v 13o\l Lake mora nes and s over an by 
early P ncdale outwash Mostly 40 100 feet lh ck 

lU I LL\K I!:GL\(\ ON 

GLACIAL DEPOSITS 
T 11- U so tcJ nos rat [ c l ompact m >: u e of 

ounds oneo; and s It and clay [)e)ond I m of 
P neda c II 1< orm~ bull mo a nes w th subdued 
slope~ and scarce boulders 9,t ~urfac C osed d 

ess ons ge e a ly absent Eas of Ga \at n Rang e 
subsurface t 11 n strat gn11 h c sect ons 3 and 4 s 
p nkcr lhan the overly ng P neda e T l\ and s prob 
ably of Bull Lake age On north s de of West Yel 
lnwsl e Blil n form~ S f! ooth bulky mora ne; 
mantled by 1 4 feet of wmdblown sIt and conta n 
ngmuch basalt hyol teluff and P "Ccambran rocks 

On the end mora nes she n n the southwest co ner 
o I nap o I p of S a I T ll.I { 4 (eel Lh ck 
w th mode ate to trong tcx:tu c color and truct rc 
love Qpmcnl Along Fan Creek sot prof le C has 
a moderate!:\- well de e oped B honzon about 3 feet 
th ck r II ostly20 100 feetth k 

Rubble veneCI S m Ia l.o P nedale ubble veneer 
(p ) but gene a y th eke more weathered and 
s able 

ICE CONTAGT nF POSTS 
Kame g a e S n lar to P ned ale kan c g a vel 

(pKg) but mo c deep y vcathe od and eroded 
Mapped n ~au hwo;t part o area where both de 
1 os ts n udc nwash ncremenl Th kncss :J 20 
feet 

LACUST IUNE DEPOSITS 
Ice dammed lake 

lei el s ll'l gad 
Bacon R nd C eeK 
ness5 IOfect 

ALLUV IAl DEPOSITS 

s lt-P nk sh tan mass ve 
g to t il \\lee gla e ron 
dammed Gallat n R ve Th ck 

G a o - :\t apped only south est part of a e 
and nwa~h Mantled b) I c des both outwash 

co I v urn n er orofdepos not exposed 
Fa g :wel-S n a o i'\eogla a) fan gave 

(fg) Mapped only n northwest part of a ea mo e 
deeply nc sed (abOl L 50 rt) than P nedale fan g ave! 
(pfg) So Is locally deet and ha e strong cal cha 
Un l large y mantled b~ th ck co lu um r om ad 
jacenth 1 s d es Tl ckness20 50 feet 

P t B UI L L \ h E GLACBTI ONS 
GLAC AL DE OSITS 

r Usoted onstra e t onpact mxu e of 
o nds ones sand sIt an eta~ on bC'nehes n Wl!St 

e n pat Df area be~o J Bull Lake a d Pi edale 1 I 
Gcncralt) rccogn zed b~ crra t cs Mora nul fo m 
genera ly absent as n the a ea near strat graph e 
sect on 6 Lul subdued r dges local ly 1 e e vet.! Or g 
na uppe ~ rface eroded and cl s up ed by frost 
act on Local) mant ed by as much as feet ot s It 
Where part v preserved rei c so t (so prof les K 
R) d st ngu I ed b B ho o abou 2 feet U ck 
v th strong y de eloped structu e color and c!a~ey 
texture Str ated s ones o rh)o te tuff E om th e 
Yelto vstone Group occu r n t lt beneath p e Bu I 
Lake ce contact sand and grave (strat graph e sec 
l1o 7 Sl I Da y C eekda age basn n otl 
'Jest corno of mapped u ca. e ros on of se);!:mcnts of 
mora nes and subdued exp ess on of c rques sug:ges 
hat the t II (pb ) s of p c B l Lake age Along 

ne ghbor ng Back B tLe C eck a fo mle s dcpos 
conta nmg abundant boullers of Precambr an rock 
not kno"'n to op ou t upva ll cy s mapped asp c 
B l Lake t I (pb b t m ght be a Tert ar~ co g om 
e ate T c11:nes <1 uO feet 

ALLUVIAL DEI OS TS 
Gravel Mode atelv sore I g a cl and depos s of 

kame sa nd and lake sed me ts E roded and man 
tied hv culluv un and all uvml fans Pre-Bull L tkc 
age s gges ed by assoc at on th pre Bull Lake 
t l (pbt) he a-ht abo c p cse nt l a n.aa-e and post 
dcpos t ona vea he ng o u a of o g na depos t 
Ka e sa cached a sol p (J e 0 o 1 1 of 90 
nches Kame sand a s g a1 h c s e on 7 has a 

mode ntely dove oped so 12 4 feet t h ck unde 2 feet 
of ndblo vn sIt Rei ct so! on o t vash at so 1 pro 
f leK 1 asB hor w mo ell an 2 feet hck,., tl stro g 
redd sh colors c avey texture and 3trong struct rc 
In no hwest corne of mapped area coarse out­
v.ash('fJ conta n ng P ecambr an casts occu s as 
mucl a5 GO feet abo e Ga\lat n R ve nant cd by 
co uv urn and a uv al fan dcpos ts and locn y dee p v 
""eatnered Th ckncss 20 lOOfce 

l.EDROC I:\ 
(Afte U S Geo og cal Su vc) map I 71 972) P k 

sh gnc 3 cs of P ccamb an nge arc cxooscd o at 
he south end of the Gallat n Range and also n and 

south of Tl e C ags Palcozo t< lon e!; an t hales 
crop out f om the south end of the range to the Gal 
at n R ver Panther Creek area Upper Pa eozo c 
quartz te forms the uplands nea Quadrant Mounta n 
F o n Faw P a o h o E ec P~;Jak li n n he 

o heast pa t or the mapped a ea Me ozo c s ales 
a sandstone r. c lorn nate Ho c er rca ::::c 
u cher Mounta n and from Fa n CreeK to the no th 
nap bo day an lcs L vol an anU et ntm a 
ocks of the Absa oKa \ olean c Supergroup crop 

out AndcSJ t c Jacco ths stocks and sIs cut the 
Mesozo c sed men tar~ rocks n the Electr e Peak 
Josepl Peak l dan C eek area a I a h nt t c stock 
crops out nea Mount Homes P e ambr an and 
Putcozo c ocks crop out a tong the west bounda of 
he area and ol an crocks of I e Ab aroka .::uper 

group oc u south of l e C ags Quate a v I a 
t e tuff of the Yellowstone G oup unde es much of 
he partially d ssec ed terra n east south and west 

of the Gatlat n Range Quate nary basalt flows Jo 
all~ n an Lie lhe l if 

MISCELLANEOUS OEOLOGIC INVESTIGATIONS 
MAP 1 640 

SURF IC IAl G t 0 1 or.rc HTS T OR ' 
N <OUUC1 ON 

Tl e napr ed a ea covers tl e no thv. es e n co ner 
of Yellowstone Nat on at Park The glac al y sculp 
tured Gal at n Range extends from the south central 
part northward u here 1t encompasses the entre 
nor hern a I dary It; 1 eak:s r !Se severa. hun 
d ed feet above t mbe rl ne to al t tudes most!~ bet vecn 

0 000 and Hl 550 feet E lectr c P eak s 10 992 feet 
n alt ude D S!;ected benches flank he ra nge a a 

t tudes between 7 600 and 8 000 feet The lowest places 
a e at elevations of p 200 feet along the Y cllowstone 
R ver to the northeast 6 800 feet along the Gallat n 
R ver to the northwes and 6 600 feel n the West 
Y e11owstone Bas n to lhe south west 

JlL f ISTOCENE GLACI AT IONS 
Great ceeaps repeatedly covered most of Yel 0\\ 

s on Pa k lu ng Pie sto e e l me These g lacrnl s 
a e (f om oldest to youngest) pre Bu\1 Lake (wh ch 
p obab y nc uded seve al fu t scale glac at ons) Hull 
Lake and P neda e Dur ng the P ned al e and 1 ob 
ably the Bull Lake and pre,.Bu I Lake gla a ons 
cc accumulated n c rques along the Galla t n Range 
and more s gn [ cantly n a arge cccap on 1 atcaus 
to the east and southeast A smaller ceC!lp formed n 
the uplands at the head of Spec men C eek In add ton 
g ac ers advanced eastward nto th s ma p area from 
the Mad son Range and do n the valley of the Yet ow 
stoneR ver from sources east o the map area 

PRE-BUll LAKE GLACIATIONS 
T e featu cles de€ l weathe ed II pbt) a the 

uplands around strat g aph c sect on 6 s probably 
the o dest n the area It o e es and con ana frag 
ments o the Huckleberr~ R dge Tuff wh ch s 2 m 
I on year!' o d (Chr st ansen and 13lank 1972) Its 
relation to the 0 6 m ~ old La\ a Creek Tuff s not 
known Othe depos ts of pre-Bull La ke t II out vash 
g a vel and kame grave (!'lee strat gra1 h c !'lect om; 6 7 
and 8 and so I prof les 0 and R) over\ e and conta n 
fragments of the 0 6 m y old tu f wh h lhcv there 
fo e pos date Most of the ti l surfacl.l espec al v a ong 
Daly C e k p ve~ I I uL u K d gla al 
mo phology 

A south southeast I neat on of the te a~n apparent 
on aer al photographs suggests that a JargQ pre Bul 
Lake ce mass flowl.'d sou lhward from Gray \ ng Creek 

Lo tle Wes t Yellowstone Basn Ths g \acatmn 
probably represents the youngest pre Bull Lake-the 
Sacagawea R dge Glac at on for kame morphology 
s ocatly p eserved and scour feawres are observed 

o ae al photog aphs [laraltcl ng the present opog 
aphy In the north "'est eo ner of he mapped area 

terrace grave s (pbg) 60 fee above the Gall at n Rver 
conta n eobbles and boulders Qf 1 ver e rock ly1 s 
( nc.lud ng a bundan l Precam br an rocks) they ma~ 
represent outwash of a pre-BuU Lake glac at on whose 
end mora nes haves nee been obi terated 

At s a t g aph c sedons 7 and 8 anrl so I p ofi e 0 
gla.c10f uv a\ and lacust ne depos s rep csen t the 
stagnal on a p obab le Sac:agawea R dge g ac crs 
Our ng such sta.gna.t on G aJ t ng Creek m y ha e 
rowed n t.hwar aero the to\\ d v de 

B[LL LAKE GLACIA110N 
Bull Lake depos ts n the map area occur pr mar 

on the north s de of the West ) el owstone Bas n where 
bulky b t s bd cd moan t r ges veri e tuff uf the 
Yellowstone G rou p T1ll and loe.al y sandy gravel 
form these mo runes T he tIt conta ns abundant 
basalt and tuff and some metamorph c sed mentarv 
and nil us ve rocks hese e<: nst en ts demons ra e 
a sou ce at the SO lith e d of the Gal at n Range 'I he 
me n nes s ope wcs c y g ntly the o cntn.t on of 
ce- mo ded opograpl ~ JUS south of the mapped 

area and ob d an erra cs n the t t (n('a ,.o roC e 
T) nd cate that a very ht g:l:! g ac a) lobe flowed from 

ea the present Mad so n Canyon (south of mapped 
area) northl'.cstwa d nto the mapped area where t 
JOmed smaller glae crs descend ng Gne ss an I Map e 
Cree k The depos ts th ckl:! west of the ma()ped 
a ea toward the te m na mora nes at The Na ows 
of Hebgcn Lake o.bout m es west of the a -ea 

In the northwes e n part of' th a ea. subdued Bu 
Lake mora es occ Ju~l do v al ey f om f-,os\ e 
P ncdale mora nes A Bul Lake age for these moran s 
s sugge ted by the development expressed n so pro 
f esC and E The Bull Lake age nf the t II along Bacon 
R nd Fan and Spec men C eeks s not certa n be­
cause ne the the vcat he fl"' nor the morphology 
could be rei ably compared 

Bu Lake glace s d d not extend s fa r as P neda e 
g ae ers a lo g lhe G Ita n R e G ayl g C eek 
or n the a ea ust east of th e Gallat n Range (I\ po~ 
s b c except on lhc mo ana oop whe e so p 'Of e 
N s s ghLly bette dove oped than oth r prof les on 
P ned ale depo~ ls ) 

East of the Ga lat n Range a p nk sh t I of probable 
Bull Lake age occurs beneath graJ •sh P nedate TIt 
n the cores of drum) ns (strat graph c sect ons 3 4) 

The p nk \l lad:s erra s ui Precam b an g ne ss 
found n he P nedate 1 II ( a tg a 1 c sect on 3) 
Th s ack slow~ at the p nk 11 comes f"()m n earh~ 
pars of the Ca a n liang- v.hercas the P ncdate 
comes from pta<..'CS as d stant as the ~outh end of the 
Galla n Range Tl e efore the nf uence of the Bul 
Lake cecap on glac ers flow ng eastwa d from Lhe 
Gallat n Rang-e as Jess than that of the P ncda e 

""""' BULL LAKE-PINEDALE TNTERVA L 
1'1 P. ed ments of West l: ello vstone Bas n {wgs ) 

,., ere depos ted a ftc tl c But Lake end mora nes 
and before the ea v P ne !ale end mora ncs The 
s I m nts rna b€ g ac a e h y fo n aq~e 
allu a ans ell n obs dan bu t by he Mad son 
R ve and sma te tans h n st.onv rhyo t te bu l b:y 
Co ugar Gnc ss and Maple Creeks (The Mad son 
R vflr s south of he map1 d a ea. ) Ra1 d lepos ton 
and an abundant SUJ pi); of mater a\ are nd catcd bJ 
planar bedd ng the open ork tcxtu e of the sed n ent.s 
and the esllmated th ckness of. abou 100 feet 

PIN EDALE GLAC AfTON 
E a y P edale a l u e-Tl e P nerlale Gla a on 

ef the m 1 un nt! t u d u I e 1 es t land 
scape Wh e e y l nedale gla er~ lo ned n c 
qucs and ad a ced lov n ale s n the Gall t n and 
Mad son Ranges an cecap ens of m les ac 'OSS g e v 
on U e Ia aus o tl e east and so tt east of the Gal 
lat n Il.ange e cntuallv becom ng se e al thousand 
feet th ek Glae a st at ons and stream ng: sho lhat 
th s ceeap I ourcd around he sou h end of the Gal 
tat n Ra g e an I d a t.d o vn Map e Gnc ss and 
G ay flO' CreeKs E 5~ o( the Gal at n Range d urn 
o da topog at hy and bod ock s ou a d st on 

s o v tne e to ve been o th ck th owed u th 
o U cast oh que to t e Galla n Range r o t G a 

c a mod ng and sea sho v that th flo was CJS 

sen t at y undeflec ed by bo h topog aph c obstac es 
00 f r> h gh an t the valley g a ers from the Gallat. 

Ra ge (ass! o v by d1 un o clal topog aphy across the 
alley mouths) Presh g ac a\ str at ons n l scour 

featu cs oeeu at alt tu les of 8 800 ee on Sc1 u che 
Mo nan Fo the 2m es r~ ltf! giLC t rt v 
ea u s fran G a. v Lake o Sepulch er Mounta n 

a p csumed g ad ent of 100 et pc tc s rcason.'l.b o 
T h ofo o a\ o e G zz y Lsk (alt 7 ;:!08 eet) he 
cecap p obably eachc I an alt ude of 0 000 feet and 

as about >' D00 feel I ck In Ga dne s Hole t l k 
.P ncdate a d olde r dcpos r.s ve e oldc I beneat h 
th ek P nedale ce nto p onounce I drun lo dal to­
pog aphy Th s ce was pn I ablv vel\ n e cess of 
1 000 feet th ck Til s o t l va d flow ng ee con 

c ged 11 h coal equa I c g ht on the cast (Mumn o h 
q llad ang o to fo m the Yelto stone \ia lc g ace 
wl 0 c c n !; v g )~ a l r n 
o theas ern o ncr or th s n.,p 

rhe ecap east of the Ga at { nge dammed 
valley glac ers n he ange caus ng then to th cken 
a d flow estward across d des sucl as Fau P ~s 

ml B gborn Pass (note f u v a -u s) where Lhev 
g eatb aug enl.ed f o f om local glac ers formed 

th n the Ga !a n an I G UJ I ng dru ages Part o[ 
tho g ace n the va ley of the Gal a n R vc r o11.cd 
a o s e 011. d de to Fan C eek he e ex e d cl 
bot\ up t c to so p of e D) and do nva\ley 
La c c l n en s un I g a c (sb nt 0 aph c sect o 
veeoeos e aongfanCeekupst'Can ro t s 

e Ia The Pel ega e alva g lo Bll 
R nd Creek forced tl c Ga \at n R e to t1 c caste n 
s de of ts val e~ vi ere s no oca.ll c sed nto 
bedrock 

A s nall cecap o lhe uplands I e o I ce l a 
part of the a ca flo ed both s011th a the fa ks of 
Spec men C eek and no t h out of hen pped u ea 

Ou ash r om P nedale g ac c s (pg) accu n t1 ed 
alo g I e n a o ~ ell. esen st e !eves n t 
n add on t p obab foro s the llocd p a 3 (sg a) 

of man st ea s A a ge P neda e outwasl fa p g) 
as bu t across the cas e n pa of e sed ments of 

West Yellovslo e Bas (wgs ) 
l.f ddle P Ledale ad ~a ces and lfiay wtw - Afte 

the ear P nedale uclvance the ce eteded and re 
advanced o he m ddl P nedale n (PM) M Idle 
P edale g a~.; e s at he nax nu ~>e e tout e 
tenthstheszcoftho co lheea yP ne a e 

\b d nt ece~a ona mo a os t e G at n 
R e al oy show i at he g a ~; s eeed xl n e m t 
tent y a c tl e m l le P ncdate max m \ ea 
D de Lake glae of uv al g a e s ash ed a ound cc 
blocks wh ch melted for n ng kctt es n h ch f ne 
gra ned h c rna I se 1 m1mls a n a ed n a 
kettle nea D v de Lake (stra graph c sect on 5) an 
a a I ayer of olean c a~h one fourth nch lh ck as 
depos ed after 6 reel of a o al of I6 4 feet of sed 
m 1l umu a erl P ug a1l Xli 

na on h n E W leo:-: (l'i tte commun 1970) 
nd c..'lte th s aell to ha e he petrograph c cl a actc 
.. t c of vo nfo matly na ned ash beds the Gklc e 

Peak H h I e 1 bou 12 000 ems old) and he reccntl 
d sea ered set J f on Mo t St Helens (be ecn 
8 UUO and 1::! 000 Ha s old Mu I neau;: and others 
1972) When the ash at strattgraph c sect on 5 vas 
depo ted about 8 000 2 000 Yt! s ago the Gall t n 
glace had ecc cd From the n ddle P eda e glac a\ 
rna mum cc bocks kctt cs had n c tc I and one-
tenth oft esed nentnov n heke eh ccun l ed 

'[ e d J c d h k k g a el lung G g 
C c k a e relate I to the ecap ea the sou end of 
the Gal at n Range a d not s mp o th e gtne e s from 
the sma I Cl quos of G ay ng Creek Whe the cecap 
so d m n shed that nilo v m the deep valle of Gray 

1 ng Creek ceased the th ck ce mass a that valley 
stagnated and much f uv oglac1a mater al "'as de­
pos ed 

Th e last w despread and ell der ned advance or 
st.andst I of m dd c Pmeclale ce IS here refe ed to as 
the Deckard F als ad ancc or standst II (PD) lee 
from cast of the Ga !at n Range flou ad dou n the 
G.arclner R ver comb nF.d 11th ce com ng dovon the 
Yellowstone Valley and term nated ncar the mouth 
of Reese Creek n the northeast corner of the area 

P1 edale f st achvtty and eo ~~ at() t The cold 
a I o L P P.illle d rna e gave r se to much frost 
ac ty and mass vast ng In a eas no glac ated n 
.P ncda e t me downslope movement of P nGd:<le 
co luv um (pea) and frost ubble (pfr ) occ rred 
mo lerale to gent e or e;; as d d the accumulation of 
soa e talus (pta) and bock rubble (p b) Dur ng 
g ac al recess on when areas scoured and steepened 
by P ned ate ce became exposed frost wedg ng of ou 
crops 1 oduced ta\u~ u :scree (pta pst) and block 
ubble (D b) Over much of th e area mapped as t l 

or rubble veneer frost act on sol fliJCt on and c cep 
have caused m x ng and downslope movement of n 
consol late I matf> als 

P 1tedale flood~ Glac al y damm ed lakes east of 
the mapped area e cased at least two foods .,., th 
~a ers up to 200 feet deep do:vn the Yellowstone 
Rver I ng tu allar.> a n ch as 1m le long and 
.,o feel h g h occur n the northeast come and JUSt 
cast of the ~rea Just north of e evaton pont 5179 
g ant r pp e marks form dges 50 eet apart studded 

\.\ th hou le 3 5 f~::eL aero ~ Tl e food pped 
fronts and t ans e se scour bars on the o er parts 
of success vcly depoot ed al uv al fans of Reese C eck 
attest scour hl two separate floods A smaller flood 
a ong Gray\ ng Creek depos ted boulders as much as 
tO feet m d ametcr vh ch form a bar and sv.alc to 
pograph) w th about 8 feet of rei ef above the sharp 
bend n lhe c eek 

Late P edtlt: glac-tal ad1:a c.e-ln a te P neda e 
me folio,., ng m ddle .P neda c reeess on glac crs 
cadva nced rom h gh vc t prot ected c rques to 

term n 1 o about 5 m les tlo !lnv c f l.'(:a! an l 
ce elds were apparently absent n the mapped area 
Th ree d ~tmct sets of late P nedalc end mora n e 
represent ng three phases of glacml advance and re­
cession are found n the valleys of he Gatlat n R ver 
[nd an C eek Panth ~ Creek a d Fawn Creek 

INF J)\ LF \NO HOLOC~ Nf L\NOS J IDI S 
Lands des are common n the northern t vo-th rds 

of the mam ed area Most arc caused by fa lure n 
Me~o o sh~le an I w f'Csh rna jho ogc on 
and other ev dence o( modern movement Earthflo r.ra 
d spin) stream ng and obate fl ow patterns "'h ch n 
d (:at<! mo emcnl as slow v scous flo v rather han as 
q as r g d blocks S ar(Js fo med by the nc pent 
mo emcnt of large masses of bedrock are consp cuous 
on Sepulcher l'liounta nand Quadrant Mounta n 

In t he north vestern par of the mapped area sl de 
I e n t th I n ls of glac at on probably sta ted 
mov ng co n5 derably before P ncdale r; me St des 
ncn the Gall at n Range eres probably started mov 
ngdu ng m dd eand lateP nela edegla a n 

NEOGLACI \ IION 
No g ae crs "ere p obabb p esen t n the map nrca 

du ng the Alt.l hermal nterval about 7 000 to 4 000 
years ago Subsequen!ly small c rque glac P.rs a I 
rock glac1crs fo ed n h gh we 1 p ot.ected c rques 
The g ac crs depos ted one to three rubbly mora nal 
r dges Temp e Lake mora nes average 9 000 ee n 
at tude rock glac crs ave age 8 20 f ct T l r o k 
glace s of Gan et Peak age occu about half th e 
c qucs w th Temple Lake depog ts encl rna a nes 
average 9 220 foe~ n at ude and the rock g ac ers 
9 030 feet Trees are H I e s a\ t I e I Gannett 
Peak mora nes 1nd cat ng the mora nes as be ng less 
than several hund ed yea s old Gannett Peak roek 
glac ers are act ve v advanc ng toea ty over Jess act ve 

a t ve Temple Lak un !S as n the c rq 1es uf 
E cctr c Peak Tempe Lake ock glace s ha e gcn 
era! stagnated oca lv they arc sti ll mo ng but ere 
for ned n rem1 c Lake me 

NEOGLAC AL COl LUVIAT ON 
F est g ont noes to produce ex tens ve talus 

depos ts belo v glac ally steepened Cl ques and other 
cl ffs n the Galla n Range espec ally n hard well 
JOn ed n rus ve rocks Ava a n he debr:; s ace n 
tat g at ll e base of ava an he chu tes bv proce ses 
an£ ng f om sno avalanches to torrent at floods 

Sol fluet on occurs n muddy de pos tB when the ground 
haws ( om the su face down thus form ng a soup) 
lu yof ok~anl nud sd) hatroNs o evge le 

so es Sol f uct on and frost hea ng together pro 
ducc ruhb c ( r) Fros heav ng s form ng block rub 
hle(b) 

IIOLOC~N f \II UVI TION \NOR ~OR ON 
Most streams n the aca no\ fo vthn a fe, 

[cct of the r P ncdale level Although ttle downward 
eros on s ev den the streams have reworked and 
transpo rted P nedale a11u.,. urn n :.tdd l on tv w 
mate al ~u11l ed f u n I e slope:. A o g Spec men 
Creek and Reese Creek allu a fans of poorly sorted 
deb s hu c co lcsccd be ow cl f y slopes 

In Gardne s Hole the a g er s r eams ha e cu 
Lee\ ~au lw o Is tie lu loda topog 
aphy 

OUA1 ERl>:ARY F \UL II NG 
Mosl Qua e nar~ faults on the map cul rh yol te tuff 

r he Ye I w!;l e n 111 a I a e 1 aw a a-d ng 
to mapp ng by R L Ch st ansen US Geol Su ey 
19 Z) rn the West i el ow tone Bas n a fault scarp 
10 feet h.gh c ts he ou wash fan of P nedalc g ave\ 
pfg) 
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SOIL PROFH I S 

So he ons se1 a aU.'(! by s ashos a e shown n 

descend ng o cler n mbe "S g ve depth n nc:hes be 
o su face S n bo s A ll and C ef~.< to o ho 

zoos B B an B e c o ulrl vsons of B he zon 
an d Cro efcrs to carbonate zo e n C hor zon Mod 
f e mole ate an I s ong' sl u v ho v wei str c 

tu e of B I o zoo s d velopel o a v velt :a.l 
de eloped n C a ho zon Where no modi£ e s g ven 
prope t\ s weakt de olop d th e B hor zon wool! 
gene <Jllv be ega ded as a eo o B or the C I or 
o s de co d calca eo ~ 1 a 1 a al I 

ca bonuOO ass mol been r ang l "" h o m o 
t ans oca on 
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