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Indian Basin Advance in Western and Notth-Centtal Wyoming

Abstracl

Thrcc NeogLacial {luctuarions ate recognized in the mountains of nofth-central and western Wyo-
min!  Th:  r \ \ 'o  )ounacsr advanccs,  Gannett  Peak (300'100 yt  BP) and Audubon (2000-1000 yr
llPt', .rre r*"gnrr.d lnd ,irffereniirted on the basis of vegetadon and percent of lichen covcr,
wcathcrins fearures. anLl soil development. Tbe name Audubon advancc was originally intended
for use only in (blorado, but subsequent investigations ovet the last decade havc shown that
stratigraphic un;ts of similar description and agc are located in the Big Horn, ri(ind Rivcr, and
Tcbn ranges. Because thc namc Temple lake has bec'n used for both prc and post-Altithermal
cleposits, ir is suggested drat early Neoglacial deposits (5000?-1000 yr BP) be renamed from a
tlpc lucrlir\ in rhc northern $;rind Rivcr Range, \Vyoming. After carcful scrutiny of several high-
al i r ruJc:r t . rs  in rhe rhrec rrnats,  lndran Basin * 'as selccted as a rype local i ty .  In th is bas;n,  a
series of rhrce cnd moraines and a mcdial moraine of early Neoglacial age are found belo*' the
liarro*er Glacier. Dcscriptions of the weathering featurcs, lichen characteristics, ancl soil mor'
phoiogl'are used to place thesc depo6its in the Holocene stratigraphic column.

ln l roducl ion

Follo*'iog the Altithenr.ral lnterval of Antevs (1!48), Neoglaciation led to the rene*'ai
of glacial activity in western North America. Io the mountains of \r'estero ancl oorth-
ceotraL Wyoming three advances during the Neoglacial are recoSnized. The younger
cieposits o{ Gannett Peak and Audubon advaoces have been mapped and described
over mnch of $'estern Vyoming (Mahaney 1974, 1978 Mahaney et a/. 191i1). Numer-
ous deposits of early Neoglaciai ( formerly Temple Lake) age have been recognized Jn
several cirqLles in three tanges. A type lcrcality for these deposits is found in Indian
Basin at ll00 rn in the l?ind River Range (Fig. 1), rvhere the early Neoglacial recorcl
is uell ,:lisplayed ancl exposed. Three distinct sets of end moraines and a medial moraine
located clorvnvalley from the Hatrorver Glacier (Fig. 2) Provide e setting io which
\\'carheriog fearures, lichen characteristics, aod soil motphology can bc used to provicle
ru cliagnostic body of stratigraphic infotmation. The type locality is used to jntroducc a
ne$' strxtigraphic name-Indian Basin advance.

Previous Work

The name Temple I-ake uas used originally by Moss (195i) to teler to moraines equi-

valenf in age to what evcntu:rlly becane knoq'n as Pineclale. Later Richmond (1960.1962.

1,96ta.1965b) used the term Temple Lake to encomPass deposits laicl down in the early

Neoglacial. Reoedict (1967. 1968) in the Colotado Front Range used tacliocarbon
clares. boulcler *eathering. and lichenometry to provide ages of 5000 to 3000 yr RP
ior clcposits thco believed equivalent in age. Because of the age contri^ersJ a.s,rl ' irte.l
*ith the narne Temple Lake. Bencdict (197J) teoarned early Neoglacial deposits using
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Figure 1. The \Vind R;ver Range.

Figurc 2.  Thrce dist inct  sets o l  encl  moraines and a medial  noraine lorared LtorvnvalLel  f f t rm thr
Harrow.r  Glacicr .
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Figure L Thc proposed type area for lndian Basin deposits is located in the valley below Har'
rorvcr clacier near Indian Lakc.

a Colorado narne, Triple Lakes. Receot evidence suggests that some deposits believed
ro be equivaleor in age to rhe Triple Lakes of Benedict may in fact pteclate the Neo'
glacial (Birkeland aod Shroba 1974, Meierding and Birkeland 191J0).

In Wyoming, the name Temple Lake v'as retained for early Neoglacial moraines,
bur the type locality was moved upvalley ( south of Temple Lake) (Currey i974.) At the
same time, Miller and Birkeland (1974) pointed out that, "Changing a name or a
locality *'ill oot solve all rhe problems," but in this case, retention of the name probably

added to the controversy. Follon'ing my field n'ork in Temple Cirque (1972), I coo-

clLrded rhat the early Neoglacial record at that locality *'as relatively insigoificant, and
certainly not represefltative of other high altitude basins in the Vind River Range.

Therefore, I referred to nid-Holocene glacial deposits as early Neoglacial (Mahaoey

1975. 1978. 19111). Numerous mapping pro;'ects, r','eathering studies, lichenon.rettic
surveys, anrl soil-profi le investigations (Mahaney 1978, 1981: Mahaoey er a/. 1981)
sho*,ecl that early Neoglacial deposits are present in most norrh-central and *'estern

\\ryomiog cirqLrcs. making it advisable to designate rvith minimum an-rbiguiry the

clrl icsr of the Neoglacial aclvances-
After mapping anci collecting samples in three ranges-including Temple Lake

( N{ahaney et dl. 1983). Mammoth Basjn. Stroud Basin, Titcomb Basin (Mehaney 19f8.

1981). antl Indian Basio (lr{ahaney et al. 1987) in the Vind River Range: Garnet.
Cascade, Jarr-. ancl Paintbrush canyons (Mahaney et a/. 1981) in the Teton Range: ancl

CloLrd Peak Area in the Big Horo Nfountains-I suggest that thc oamc Indian Basin be

userl for errly Neoglacial deposits. This decision is made afcer consultatioo rrith the
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U.S. Geological Survey Names Committee (M. E. Maclachlan, pers. comm.r 1982 ). The
Code of Stratigraphic Nomenclature (A.C.S.N. 1970) contains no guidelines for the use
of post-depositional modification such as weathering features, lichen chatarteristics, and
soil morphologies in defining rock-stratigraphic units. Hence, the name Iodian Basin is
used informally to refer to aoy eatly Neoglacial advances that deposited rnaterial
defined as such by physicai characteristics resulring from posrdepositiooal mo<lification
( Birkeland et aL. 1979).

Type Area

The proposed type area for Indian Basin deposits is located in the valley below Harrorver
Glacier near Indian Lake ( Figs. 2 and 3). These deposits have weathering, lichenometric,
and soil morphologic features vrell repres€ntative of early Neoglacial deposits recognized
in other areas. This is an impoltant area to study because of the proximity of these
deposits ro younger late Holocene and older early Hokxene (late Pinedale) deposits
(Figs.,1 and 5), where relative weathering features aod soil differences are apparent.

Figure :i Thc Indian Basin Moraine and the Late Pined3le Surface.

Weathering Fealures and Lichenometry

Veathering characteristics, including ratio of fresh to wearhered stones rreethcr

iog rincl thickness, and rveatheriog pit depth and x'idth, sho\\' thar cleposits of

Indian Basin age are clearly older than deposits of Auduboo age and are \oun.qcr rhrn

lace Pinedale deposits. The ratio of fresh to weathered stooes is oot usefr-rl in disrinquisir'

iog betwcen Neoglacial deposits; however, it is useful in separating Ncogleciel deposits

from olcler substrates of late Pinedale age (Mahaney 1978, Mahaney et 41. 1983). In
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Figu.e i. Harrower lakc aod the Medial Moraine.

mos! instances, late Pinedale deposits have ratios of 1 to 3 percent tveathered to 99
to 97 perceor fresh stones, whereas Neoglacial deposits have 100 percent fresh stones.

This observation suggests that weathering ratios are useful age indicators, but oot seosi-

rive cnough to allow separatioo of deposits rvithin a glaciatiott.

!(earheriog rind development on surface stones is highly variable and produces

maxirnum and minimum thicknesses that vary berween deposits of differeot age. While

the maximum rind thickens with age, giving means (n:50 and n:100; Table 1)

of 2.1 to 3.6 mm, the minimum rind is nil on Indian Basin deposits. Iate Pinedale

surface stones, on the other hand, have mean maximum riod thickness of 15.0 mm and

nreao mioima ate greater chan nil (see Mahaney 1978, 7982; and Mahaoey el dl. 1981) .

Weatheting pit characteristics change with age of the substrate, and they ate useful

in disrioguishing Indian Basin deposits fronl younger aod older uoits in the geologic

succession. For further discussion of the use of this data in age assignment see Mahaney

d rl. 1981.
l\{axirnum lichen diameters and percent cover for the four dominant crustose lichens

-Rl)t:o.nrpolt gaograpbcan, Lecanord thonsorii, Lecanort atpicil ia, and Lecidea alro'

hrttnnet ate used to distinguish betrveen deposits in the Neoglacial stratigraphic suc

cession. I-ichen on surfaces of late Pinedale age are beyood the range of licheoometry

Thc clara in Table 1 are useful in distioguishing amoog Neoglacial aclvances (e.8.. Gan-

nerr Peak, Au,:lubon. and lndian Basin). Arnoog the above four dominant crustose l jchens.

R. geoguphictnt r,<7 L. t ltontotti i  are the most significaot because their maximum dia-

rreters fall inro rhree cliscrete groups. Lecitlea dtpicilia, although abseot on the youogest

.leposits of Gannett Peak aqe, occLlrs on older substrates Leciclea ,rtrobntntzea, absenr

: i
4
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T-A.BLE 1. $'catherine characteristics3, lichen thalli diameters, anil perceni lichen covor hr sites ,rr
Figure 2, Indian B:rsin, notthcrn lt:ind River P,ange, I\lyomins.
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bFor  locar ion  see F igure  2
"Sahl)les lak€n from B horizon in soil pil

on deposits of Gansett Peak age, appears oo Audubon and Indian Basin deposits. Most
significantly, percent of lichen cover, ranging from nil on Gannetr Peak deposirs to 15-
30 perceot on Audubon deposits, increases to more rhan 50 percent on Indian Basin
sorfaces.

Soils

Differentiation of Neoglacial deposits is further supported by soil morphological anC
clay mineralogical data. I have descibed and sampled 28 soil profiles of early Neo-
glacial age forming in topographically high and well-drained sites, in the alpine vegeta-
tion and climatic zones, aod in materials consisting largely of till with clasts of granite
and granodiorite. The IB5 soil profile (Table 2 ) is representative of eariy Nmglacial pro,
files sampled in the \(ind River, Teton, and Big Horn ranges.

T, \T l l ,E  , .  S . i l  Dro i i le .  IR i  i , t  Ind ian  Brs in ,  \ \ r ind  I l i vc r  Ranse.

DeDlh
Hol izon  lcDr )

1 , 0

0 i

Brack  (10YR 1 .1-  / t  t  2 / ) )

Gra t ish  ye l low brown ( lo IR 1 /1n) .  r ld  du l l  Ie l lo r i sh
bro$rn  (1oYR 5 /3d)  sandy  loam,  e ran t r la r  s r ru . r t r re .  r r iN lne
nioisi consistence, slighily plaslic and non-slickr.

Du l l  ve l low ish  t ' to$n  (10YR 5 /1ml i ,  h ro \u  a10 l ' I ' ,  ' 1 l1h) .

an i l  du l l  ye l low oranse (10YP,  i , / ; ld )  l ) .Lb l r  sard \ '  ! l ! \
bam.  veak  b locky  s t f rchre ,  f r i ^b le  mo 's t  . , )ns is ten .e ,  r l ,h -
plasric and slishily stick!.

Du l l  te l lov ish  brown (10  .1 , / r lh1 ,  i / i l n r )  rc r loN ish  l ) ,1 r \ rn
(2 . iY  5 / ih ) ,  lnd  du l l  r ' . , l l ov  o ranse (10 I l l  i , !d )  De lnr \
sud j '  loan ,  mass ive ,  I r iab le  mo is r  ( .hs is r fnce .  r .n r ) l xs l l I

Dark  o l i re  ( : l I  + /3nr )  and l ieh t  Fra !  ( :1 . ; \ '  c / :d )  l j . l , l , l l
sandr "  c lay  l .anr ,  mass i le .  i l i . rh le  lo  i ! f r  L i rb le  n r , i s r  . . r
s is ience,  n . rn ! las i i c  and nLrnsr i . k r_ .

0 l

t r B  i - 2 0

I IC0\ :10 el r

I I C I  r l l  l

i , s , , i l  des . f i r , l i ' ,ns  io l lo$-  -qo i l  -qurver -  S{a i i  (1 ! i1 )  rnd  R i rkc land (1 r i1 )  i  s l , i l  . , ,1 , ) rs  r r , .  L , ,n r  rh r .
s i rnd{ r i t  So i l  ( 'o lu r  Chr r ls . ' l  O lama and Takebara  ( l r l t )  aD. ]  r r ,  i j i \ r .n  n r  lh r  n r , j : l  ( r j )  rn , l

The post-Indian Basio soil, an Ioceptisol tentatively ciassified as a Dystric Cryocrept
according to criteria of the Soil Survey Staff ( 1975 ) is reptesentative of ear\' Neoglacirl
soils studied in several high-altitude basins. This soil contains clear rnd clistincr horizon
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contacts to a depth of 69 cm. Horizon identity rests on color changes, with soil showing

10YR and rhe parertt material 2.5Y hues. Sandy aod sandy clay loam textures dominate

throughout the profile, with high percentage of pebbles and cobbles in the lorver solum

and subsoil. Textures become finer with depth in the profile as clay increases down-

ward, possibly a result of illuviation (Table 3). Graoular structure in the A1 horizon

T-A.ELII t. 1'aliicle-size distribuiions tor the soil horizons in ihe >zlrm and <zmm fra.lions ol nrur

Dosi-Indian Basin Droliles, lvl}e area, norihcrn Wind Riler }lounlains, !\'voning-

I )eDl l l

sile H.,rizon6 (cm) Locaiion'

Sand-Si1l_

% : ,

Sand ti Silt .:
( i im (63-  Ch!  - . ;
63pm)  ,1pnr )  (< . r t rm)

I B ;
I IIJ

I l C n

t t B
I  I ( l1 . ,x
T I C 2 ( ) x
I I C n

I t

T I ( - '2 . ' x
T T C n

I ICIn

1 9 . 3
3  2 . 4
14.1
12.5
3! l . i i

! . 9
3 0 . i
6 8 . I
? 0 . J
i l1.  t

2 3 . 9
2  3 . 5
; ,1.0
5 0 . ?

8.1.5
7 3 ,  !
7 1 . 7
6  6 . 3

t 0 . 7
6 ? . 0
5 5 . i
n i . ;
60.?

1r 0, l
6 i t .  i l
3 1 .  t
2 tr. rj
0 E . ;

i  6 . l
i 6 .  i

,1t . l i

5 N . 6
6 1 . I
6  2 . | j
L2 . i t

5 : i .3

6  5 . 1
t i i . s
6 i . : l

31 t .3
i l5 .  !
' i  s . l
s il..1
i  s . 2

6  3 . {
i 3 . s
6 2 , i
i  0 . 0

i -2 r )  I jnd
20 6l) Morainc

0lt +

0-l Infermediarc
s ' 2 0  E n d

; i l - r - !
i 2 ;

r -2 \  End l lo fa ine
t s - i ;
a ;  s i l
s l l +

s 0  l

1 t . 5
2 6 . 8
25.3
3  3 . 2

2 5 . t r  2 0 .  i
1,1.6 21.11
1 r . 2  2 2 . ;
1.1.0 2',,1.t

3 0 . i  1 6 , 0
25.4 6.5
, i l , 1 l  I 1 . 0
: 1 .  i  r  0 . i
2 2 . , -  I  ! . 0

t ; . i  i  1 . 0
i i6, { i  a i . : )
1 , 1 . :  i , 0
1 2 .  1 }  : i . i
1 ? . 0  r . s

2?.6 I  i t .  i j
3  2 . i  1 3 . ;

1 i . 0  1 : 1 , 0

. I r ( ) r  l , , car ion  see F igure  2 .
r '1 . iU , i locss  boundary  ( I I / I )  de ie rmined br  h igh  s i l i  i n  ihc  so lum or  sL 'bso i l

and a weak grade of blocky structute in the B horizon ate characteristic of post-Indiao

Basin soils (Mahaoey 1982). Gidation effects deduced from soil hues (10 YR 4.r4m

in the B horizon) suggest some chemical weathering

Mineral material finer than 2mm is domioantly sand in most cases (Table 3) In all

profiles there is an upward fining sequence of si1t, suggesting airfall influx of material.

In most iostances, the high silt layer forms a cap on the soil profile; howwer, io profile

IB22 it appears to be a mechanicai mix of lcss and till to a depth of 80 crn. Clav
({4y,m) is generally highest in the sola of the thtee soils, presumably rhe resull of

*eatlrcritrg in situ l:nd aeolian ioflux. However, in profile IB5 clay iocreases somewhat io

thc lower solum, and overall it is fairly uoiformly distributed s'ith depth

Minetalogical analysis of the clay grade size ( (2i,m) *'as carrjed out by X'ray dif '

fraction, following procedures outlined by \\rhittig (1965). The resuits in Table 'i

show litt le variation rvithin rhe primary mineral suites. However, lower quattz and

feJdspar in the solum of IB8 may be the tesult of weathering since the middie phase

of early Neoglaciation. Differences in clay rnineral composition shou' that illite, rvhich

is highest in the parent materials (Cn horizons), decreases or disappears altogether in

rhc soil sola *'hete smectite and illite-smectite tend to increase. However, in the lBtl

profi le smectite and il l i te-smectite are abundant io the subsoil an.l parent materiai. Over-
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TI I ILE 1 ,  X- ra !  ana lys is  o f  ibe  <2rm l rac i ion  o i  iour  pos i - Ind ian  Brs in  s r ) j l s .  1 l l )e  a rea ,  n . r l l re rn
$ r n d  l i r \ p '  r l  L n ,  i n s .  r \ ' ' n n i n s .

Siie
DcDrh

l - s

l I R
I I ( -ox
I ICr I

1 1 8
I I C 1 . x
I l C 2 o x
I l ( ln

I I B
I l C l o x
I  I  Crox
l I C n

B

I I C D

0 i
i  - 2 1

2 0  0 0
61r +

0-s
s-20

20 - ; : l
; :  i 2
1 2  l

0 - !
! - 2 \

: l s ; r
; i - 5 i l

s l  ! -

0 - 6

'll

?

1 i l

, r t inera ls  a re  kao l in i te  (K) ,  h r l lo !s i ie  (H)_  i l l i i e  ( I ) ,  smec lnc  (S) ,  i l l i t f ' sn re(  r i r .
( \ ' ) ,  ch lo r i re  ( ( l ) ,  q r r . rz  ( ( ) ) ,  r r las ioc lasr  ie ldspr r  ( r ) .  r l inerxL  arDuDrs  a le  s i \ ,  r  _ " ' ,  r i r  r

r i l f l ]  as  n i l  (  ) ,  h in . , .  amount  ( r f ) ,  shu l l  (x ) , .  modera te  (x1) .  Nnd tb t ln ,L t l  ( rxx ) .

all ,  the relat ive increase of smecti te in the B and C horjzons of Post- lndian Basin ptof i les

(relat ive to the parent materials) is parr of a general partern observed jn other soi l

chronoscquences in the Vind Rivet Raoge. Oo the other hanC, post- lndian Basin soi ls

in the Teron Range have little smectite, a characteristic attributecl ro the parent mareriel.

rvhicl'r is composed largely of felsic gneiss and granite.

Conclusions

The data discussed herein are intended to provide a corpus of sttatigtaphic inlotmatLon

to k used to recogoize deposits of Indian Basin age in the rnountains of \\'estern \Vro'

ming. These deposits have weathering, lichenomerric ancl soil n-torphologic featLrres rhat

are cl iagnostic of early Neoglacial deposits recogoized in many high alt i tude vt l leis oi

the Tetoo, rX' ind River, aod Big Horn raoges. Vhi le * 'earhering cri teri l  l l low separr-

r ion of Indian Basin substrates from older late Pinedale ,: leposits, the r l l ' )5I rr l ' lPnrt.Lnt

relat ive dating methods for subdividing deposits * ' i thin the Neoglacial inclut lc l ichcn

chrracterist ics and the degree of soi l  development. An imporrant characterisr ic of post '

Incl ian Basin soi ls is that they often contain mo<lerate to latge amoLrnts of smecti te rrncl

i l l ice'smecti te. apparently the result of weathering ftom i l l i t ic 'r ich parcnt meterials
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