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Ggimatic and Hydso8sgic OsciiBatisns 
in the Owens Lake Basin and 

~4djacent Sierra Nevada, California 
Larry V. Benssn, James W. Burdet'c, Miehaele Kashgarian, 

Steve P. Lurnd, Fred M. Phillips, Robert 0. Rye 

Oxygen isotope and total inorganic carbon values of cored sediments from the Owens 
Lake basin. California, indicate that Owens Lake overflowed most of the time between 
52.500 and 12,500 carbon-14 ('"C) years before present (B.P.). Owens Lake desic- 
cated during or after Heinrich event H I  and was hydrologically closed during Heinrich 
event 1-12, The magnetic susceptibility and organic carbon content of cored sediments 
indicate that about 19 Sierra Nevada glaciations occurred between 52.500 and 23.500 
' "C  years B.P. Most of the glacial advances were accompanied by decreases in the 
amount of discharge reaching Owens Lake. Comparison of the timing of glaciation with 
the lithic record of North Atlantic core V23-81 indicates that the number of mountain 
glacial cycles and the number of North Atlantic lithic events were about equal between 
39,000 and 23,500 I4C years B.P. 

i~lence of rarlil oscillatiuns in ,lir ,111il sea 
s ~ ~ r f ~ ~ c c  temperdtllre; d l ~ r ~ i i ~  tlie Ia't glacial 
perloel ha\-e heen 1-ecoyn~zeil 111 Ice core< 
fl-om C;reenl,1nil ( I  ) and sediment cores fro111 
the N o r t l ~  Atlantic ( 2 ,  3). Layer< o t  lithic 
f ~ - a g ~ n r ~ ~ t ~  riel1 111 cdrl3~~1i~ite ilel-1-15 (Heini-icli 
1il1-e~~) h a \ e  heel1 toun~l  in <ed~incnt  cores 
fso111 tlie temperate Nortli .\tl,1ntic anil ap- 

-~ 
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pear to he 11iike~l to tlie Ll~namics  of tlie 
La~li-entide Ice Sheet a n ~ l  other Norther11 
Hem~spliere lee sheets 1-y the i11.cliarge ot 
icel-er, liieo tlie Nortli .Atl,~ntic (-3-5). Tlie 
last fo~lr  Heinrich events c)ccurre~I dt tlie enLl 
of prL)qre.\.,lve i lecre~ws 111 \c,i ,~lrface anii alr 
temperdtures (Ddnstja~r~i-Ocscliger cycles) 
anil were fi~lloweil 1-y rapiii ~varnli~ig,ra. 

Se~~e i -a l  a u t h o r  have >ittempteil to link 
prosy rccoriis of cli~llate chailqe f~ -c~m other 
area, the ~ t i ~ r l ~ l  to Da~ih~aaril-Oeschger 
cycle, anii Heinr ic l~ e\.ents (6 ) .  In partiill- 
lar, it h,ls I ~ e c n  <l~ggestcil that a l p ~ n e  glac~ers 
in the Rock\ h l o ~ ~ n t a i n s  ail\.anceiI to t l i e~r  
t e ~ - l n ~ ~ i a l  area5 up ti) severdl t h i ~ ~ ~ > a n ~ l  \-ears 
i.efoi-e a Heiiii-~cli event and retreateil <eon 

thereafter (7). Hon.e\-er, limit,iticlns in 
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mciLle it . l i f f~c~~l t  to clemo~istrate tl-iat North 
,Atl,inric clilnatic c~sc i l l< i t~o~~s  \\.ere jY~~chi .o-  
n o ~ ~ s  1v1t11 c lnnat~c ,111~1 hyd~~ologic oscllla- 
t~ol is  in utlier reqons. Here we l?i.ese~-ir con- 
t~n~rous ,  ~ell-~l,rteci,  11ipl-i-resolutim proxy 
records of cl~inate cl~ai-ige in the Onens  Lakc 
lias~n ai-iLl compare the111 with the North 
Xtlalltlc lithic recorii Jocumc~itcd In core 
\23-S1 (8). 

i l ~ ~ ~ e l ~ q  Lake 15 1oc;ited 111 tlie Great  
Raqii-i of tlie western Uliiteci States he- 
t\veeil t he  ccntr,rl Sierra Ne\-aila anLl 11-i~ o- 
X'hite m o ~ ~ n t n i n  r,rnge, ( F I ~ .  I ) .  Cool- 
sc,~son oroilral>li~c preci l?~rat~on in the  SI- 
err~r Nevada, ~ u o s t l ~  f r o ~ u  North  Paeltic 
<o~rrces,  s ~ ~ p p l ~ c b  >999h of tlie r~rnuif 
r c , ~ c h ~ ~ - i g  Owelis I.,I~III (9) .  

Sci l~ment  cores OL90-1 (length, 32.75 
111) ~ 1 1 ~ 1  0LC)Q-2 (18.2Q m)  were ol?tained 
i r o n  tlie On.c~is Lake has111 111 l99Q ( F y .  1)  
( I ? ) .  .Age control tor OL90-2 Lva, \lased on 
16  accelerator 111~~s spectrometry (AMS)  
liC ilcterm~nations ~nai le  oil tllc totdl ar- 
yanic cai-hon ( T O C )  frdction of the coreil 
~ecliment (Fig. 2) (11) .  Age ca~lti-01 for 
OL9C-1 was c>l>taineil hy matching 30 nlail- 
lietic s ~ ~ s c e p t i h ~ l ~ t \ -  (x) features cc>minon to 
I>i>tli cilres. T h e  OL90-2 "C age-ilcptli 
p ~ i l ~ ~ ~ o ~ n ~ ~ l l  was then aypl~ed to OL9O-1. A 
c o n t ~ n ~ l o l ~ s  set of scJiinc~lt  samples, 5 to 6 
cni in lengtli, Ivas taken fr01n the  t\vo cares. 
Total cai-l~on ( T C ) ,  total ~norganic  cai-l?on 
(TIC) ,  and 6"0 vall~cs were iietcrminccl on 
each samyle ( 1  2 ) .  

To iletcrinine if al~rlipt c l i a n ~ e ~  in cli- 
m ,~ te  dffectc~l tlie hydrolopic balance of tlie 
On-ens Lake h,isin, n-e esamineil the 6% 
,inJ TIC records (Fig. 3 ) .  T h e  Sly0 value 
(13)  of a lake represents a I~,1lancc hetween 
amounts anil SL'O 1-al~ies of n-ater inp~ i t  to 
,111~1 lost troll1 a lake. LWlien O\vens Lake 
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ovei-floa.eLi, S1'O Lva. primar~lv a f~lnct ion 
of the o ~ ~ t f l o ~ ~ - : i ~ ~ f l o \ v  ratio. W h e n  tlie rehi- 
~ lence  time of n-ater in the  Owens Lake 
hasin apprilacheil :el-o, the  El"> of Owens 
Lake al~proacl-iecl tllc S1"O value of inflow 
(calcite precipitateil from a 15°C lake in 
which tlle outflon:inflon ratio apyroacl-ies 
~ ln i ty  \vol~l~l  ha1.e a S1'O value o t  - 15 per 
mil). u i ~ d e r  steaiiy-state condi t i i i~~s ,  tllc 
S1"O value of a hdrc~logically close~l Great 
Basin lake w o ~ ~ l d  he higl1ly c~iriclicd (cal- 
cite precipitated from a 15°C lake nou l J  
11a1.e an  E l s 0  ~ ~ a l u e  of -3C per mil) (14). 

Between 52,5L70 anil 15,5L70 years hefore 
present (B.P.), 6'" \ ~ a l ~ ~ e s  iletermiiied o n  
the TIC f rac t~on  of On-en.; Lake s c ~ i ~ m c n t  

Fig. 1. Location map of the Owens Lake basn 
(dash-dotted line) Cores OL90-1 and 2 were tak- 
en withn 200 m of each other. 

I Brown clay 

1 ' Gray clay 
1 

50 - - 
'I 

4 8 12 16 20 24 28 
Depth below sediment surface (m) 

Fig. 2. AMS "C age control for core OL90-2. The 
I4C age polynomial was not f ~ t  to '% ages of 
samples from depths D > 25 m. A hiatus n the 
sediment record (dashed line) occurs at a depth of 
6 m. Ages have not been cal~brated and are re- 
ported n I4C years B.P. 

are yenerally l o ~ v  (<12 per mil) (Fig. 3),  
indicating tliat O\venj Lake overflowecl 
most of this t1111e ( I 5 ) .  Isotopic values are 
relat~vely lo\\ 1-ctn-cen 40,CC0 and 3C,000 
years B.P., reflecti~ig a clilnate that \vas 
extre~nely \vet (low v a l ~ ~ e s  also iiccur a t  
28,500 ani] 26,5L7C year, B.P.). BefLre and 
after the  ~ntcr\ral characterizeil hy extreme.; 
111 S " 0  m i n ~ m a ,  S IO values rctlect drier 
climates: For example, I3et\veen 52,500 and 
40,QCC years B.1'. there are several S1'O 
rnaxi~lla that L1eiic~te brief per~oili  of Inter- 
~n i t t cn t  clo\ure (CI to C,). O~vens  Lake 
1-eceile~i I3cloa the elevation <-if the  core s ~ t e  
ailii may have desiccatcii I3et~veen <l5,5C0 
anil 13,7L70 years B.P. (16).  .An abrupt ile- 
crease 111 S1'O at  13,300 years B.P. c ~ ~ l m i -  
ilatcJ in extre~rlely low S1'O v a l ~ ~ e s  at 
13,L7L70 years R.P., indicating 1:rofo~lnii 
Llicrease ill n.etness. 

Chemical \veatI-ier~ng of granitic Sierra11 
rocks results in ,111 O\vcns River composi- 
tlon Jom~iia ted by S a ,  Ca,  anti H C O i  - (9) .  
\When O\vens Lake was closcil, all dissol\~eil 
C a  (and an  equal a m o ~ ~ n t  of ( : 0 3 ' )  enter- 
ing Owens Lake precipitated ,IS CaCO, .  
Duri~lg overflon., s ~ ~ m c  C a  anil H C 0 3 -  
Lvere last from the hasin; the greater the 

ol~tflow:i~~flo\v ratio, the greater tlie loss of 
Ca.  It  i n f l ~ ~ x  of Lletrit,~l silicates remaine~l 
con,tant, increases in the fraction of 
C n C O ;  (TIC)  s h o ~ ~ l i l  h a \ ~ e  in- 
crease< in S"0.  Thuz, comparison of TIC 
a n ~ l  6 " G  records s l i o ~ ~ l ~ l  nllon L I ~  to deter- 
inine time.; iif une\7cn accumulat~on of ile- 
t r ~ t a l  silicates. 

First-order trend.; in TIC and S1'O par- 
allel each other het\vcen 4L7,0CL7 ailii 26,CC0 
years R.P., hut 1)illy a t e n  TIC a n ~ l  E1'O 
maxima arc coeval. Retneen 52,5L70 to 
40,0C0 anil 26,00C to l5,50L7 years R.P., 
\~ariatic~ns in TIC and S"0 arc 11ot iyn- 
c h r o n o ~ ~ s ,  anii tlie percent+ge ( ~ t  TIC is 
typically Inn-, ~n i l~ca t ing  tliat cletr~tal seili- 
mentq have c ~ i u c ~ ~ r e d  the TIC signal ( F I ~ .  
3 ) .  A comh~nat ion of scanning elcctro~i 
~nicroscol'y, x-ray diffract~on, anil grain-size 
ilata indicates that the dctrital material is 
rock flour (fine silt) mainly transported to 
the O W ~ I I  h a s ~ n  13y glacial mclt\vatcr (17). 

hlagnetic susceptihility (x )  pro\~icles e\,- 
~ d e n c e  for the timlnq of glaciation. T h e  x of 
O\ven\ sed~ment  ilerivcs from the 
pos tdep~~i t~o ina l  alteratio~i of de t r~ ta l  iron- 
be,iring ~niilcrals (for example, ~nagnctite 
ani{ hicit~te) to yrcigite (Fe,S4) in anoxic 

Lithics 
(lo3 grains@) TIC (% C) TOC (% C) 

0.0 1 .O 2.0 0.0 1.0 2.0 4.0 3.0 2.0 1.0 0.0 

18 20 22 24 26 28 0 20 40 60 80 2.0 1.0 0.0 

Si80 (per mil) SMOW x (1 0-6 SI) Lithics (lo3 grainslg) 

Fig. 3. The 8 ' W ,  TIC, TOC. and x records from cores OL9O-1 and -2 compared w~ th  the 1 1 t h ~  record 
from North Atantc core V23-81 for the per~od 52,500 to 12,500 years B.P. Greenland Dansgaard- 
Oeschger (D) warm events and Henrich (H) events are indicated. Selected maxima in 8'", TIC, X, and 
m n m a  in TOC are shown in black; maxma n TOC and lith~cs (from V23-81) are Indicated in gray. L thcs  
are measured in number of gralns > I50  p m  in size per gram of sed~ment. Trends n increasing 8I8O 
(decreases in wetness of the Owens Lake basn) are ndcated by lnes I '  to I,?; Serran glacial advances 
(peaks in X) are labeled A, to A,,, Sierran glac~al recessons (peaks in TOC) between 39,000 and 24,000 
'4C years B.P. are labeled R, to R,,. Periods of hydrologic closure of Owens Lake before 40,000 years 
B.P. are labeled C, to C,. Correlations among the OL90-I and 2 records are lnd~cated by t h~n  solid 
l~nes. Dashed n e s  lnd~caie possible correlations betvieen lake slze minima and t h c  events. 
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pore waters of O\vens Lake (18);  X ,  there- 
fore, should act as a n  indicator of the  in- 
tensity of glacial erosion in the  central Si- 
erra Nevada. New cosnlogenlc 3"1 age es- 
timates of Slerra Nevada luoralnes (19),  
together with other age estimates of Tioga 
glacintiolls (20,  Z J ) ,  de~llonstrate that max- 
ima in x occur ciurl11g advances of Slerrall 
glaciers. 

T h e  oldest series of x events (between 
52,500 and 40,000 years B.P.) may indicate 
late-stage advances of the  Younger Tahoe 
glaciation (21,  22). T h e  eight oldest glacial 
advances ( A ,  to A,) occurreii ~ v h e n  rela- 
tively heavy 61S0 values indicate that the  
lake was intermittently closed ( C ,  to Cs) ,  
suggesting that the climate was colii and 
relatively ifry (Fig. 3). Betwee11 40,000 and 
23,500 years B.P., Owens Lake also esperi- 
ellceif clos~lre during glacial advances AlC 
to A,, ,  A,,, and A,,. T h e  Tioga glaciation 
also occ~lrred d ~ ~ r i n g  a relatively dry perioii 
(23,500 to 15,500 years B.P.). There are 
moderate peaks in x between 40,000 and 
27,500 years B.P. that i~ldicate the  adva~lce  
of an  as-yet-unnarneii series of Inillor gla- 
ciers d~lr ing a relatively wet interval (23).  
T h e  nloraines resulting from these minor 
glacial advances were probably overr idi ie~~ 
ifuri11g subseiluent intellse periods of early 
Tioga glaciation between 23,500 and 
21,500 years B.P. 

Between 52,500 and 23,500 years B.P., 
lnaxilna in x are coincide~l t  with minima 
in  TOC (Fig. 3 ) .  T h e  TOC minima likely 
resulted from decreases in biological pro- 
ductivity and  iiil~1tio11 of the  TOC fraction 
with glacially derived silt (24 ) .  For exam- 
ple, TOC co1lcel1tratio1ls were reduced to  
<0.3% iiuri11g the  Tioga glaciation. Max- 
inla in  TOC  nark the  occurrence of 11  
glacial recessio~ls (R, through R,,) be- 
t\veen 39,000 and 24,000 years B.P. (Fig. 
3 ) .  

O n e  of our purposes was to  determine 
whether records of climate change from 
the  O\vens basin could be objectively 
linkeii t o  North  Atlantic climate events. 
A t  least 9 of the  11 glacial receasio~ls 
iiiscusseif above appear to  have occurreii a t  
t he  same time as lithic events recorded in 
V23-81 (Fig. 3 ) .  In  adifition, H 2  occurreif 
immeiliately after the  most intense period 
of Tioga glaciation, and H 1  may have oc- 
c~lrred near the enil of the  Tioga. It is ter-ilpt- 
ing to concluife that Sierra11 glacial reces- 
sions were coeval with perioiis of accelerateii 
iceberg discharge to the North Atlantic; 
ho\vever, "C age controls for OL90-2 (Fig. 
2) and V23-51 do  not permit this conclu- 
sion (25). 

'What can be said is that  the  11~1mber of 
advances anii retreats of Sierra11 glaciers is 
almost identical to  the  number of iceberg 
discharge events. Air temperature strongly 

affects t h e  size of alpine glaclers. Lithic 
and forammiferal records from V2 3-8 1 in- 
dicate that  periods of increased iceberg 
discharge occurred near the  e11ds of cool- 
ing cycles (5). It  is, therefore, plausible to  
suggest that  variability in  air temperature 
over the  Northern Hemisphere lnay have 
linked Sierran glacier cycles with icebere 
discharge cycl;s in t h e  Nor th  Atlantic. 
'CYihether different regions in  the  Northern 
Hemisphere experienced s y n c h r o n o ~ ~ s  
changes 111 air temperature r e~na ins  a n  un- 
answered ouestion. 

A colllparison of the  Owells Lake hy- 
iirologic-balance proxy (6l") with the  
Nor th  Atlantic lithic record does not  ill- 
iiicate a high degree of correlatio11 (Fig. 3 )  
(26) .  A dry period occurred iiuring or  after 
H 1 ,  and the  Owens Lake basin was rela- 
tively ifry during H2 .  Between 37,000 and 
21,000 years B.P., there are three intervals 
( I ,  = 36,500 to  25,500; I?  = 28,000 to  
26,500; and I ,  = 25,000 to  20,500 years 
B.P.) \vhere 6 1 S 0  values increase in a 
nlore or  less regular manner,  iniiicating 
progressive iiecreases in the  f r eq~~enc ies  
anif amounts of overflow. Increases in  l i th- 
ic deposition in t h e  North  Atlantic paral- 
leled S1% increases iiuring 11,  I? ,  and the  
last half of I ; ,  hut i~lcrease in iceherg 
iiischarge was a more discontinuous pro- 
cess t h a n  decrease in  \vetness of the  
Owens Lake basin. Only a few lithic max- 
inla occur a t  the  salne time as 6," mas-  
ima, and there are numerous millennial- 
scale oscillations in the  6," record that  
have n o  corollary in  the  lithic record. 

T h e  results of this study indicate that 
before the  Tioga glaciation, about 19 glacial 
cycles occ~lrred lvith an  average frequency 
of about 1500 years (27) and that glacial 
advances and retreats within the  Tioga oc- 
curreii with a frequency of < I000  years. 
Oxygen-15 and x data suggest that the  olif- 
est part of the  O\vens Lake record (52,500 
to  40,000 years B.P.) was characterized hy 
relatively intense periods of g l a c i a t i o ~ ~  that 
Lvere accompanied by reiiuctions in  dis- 
charge to Owens Lake. 

During the  nliddle part of t h e  record 
(40,000 to  28,000 years B.P.), x maxima 
are relatively small, indicati~lg tha t  glacial 
aifvances were confined to high eleva- 
tions. Oxygen-18 and x data suggest tha t  
glacial advances in  this part of the  recorif 
also \rere accompanied by r e d ~ ~ c t i o n s  in 
discharge to Owens Lake. T h e  Tioga gla- 
ciation, which occurred iiuring the  most 
recent part of the  record (25,000 to  15,500 
years B.P.), was terminated by a severe 
drought that  occurred d~ l r ing  or immedi- 
ately after H1 .  Comparison of the  timing 
of glaciation with the  lithic record of 
Nor th  Atlantic core V23-81 indicates that  
the  n ~ ~ r n b e r  of rno~lnta in  glacial cycles and 

the  number of Nor th  Atlantic 1 1 t h ~ ~  
events were about eilual bet\veen 39,000 
and 24,000 years B.P. 
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Chronology for Fluctuations in Late Pleistocene 
Sierra Nevada Glaciers and Lakes 

Fred M. Phillips, Marek G. Zreda,* Larry V. Benson, 
Mitchell A. Plummer, David Elmore, Pan kaj Sharma 

Mountain glaciers, because of their small size, are usually close to equilibrium with the 
local climate and thus should provide a test of whether temperature oscillations in 
Greenland late in the last glacial period are part of global-scale climate variability or are 
restricted to the North Atlantic region. Correlation of cosmogenic chlorine-36 dates on 
Sierra Nevada moraines with a continuous radiocarbon-dated sediment record from 
nearby Owens Lake shows that Sierra Nevada glacial advances were associated with 
Heinrich events 5, 3, 2, and 1. 

D u r i n g  the last glacial period, the climate 
in the North Atlantic region was character- - 
ized by a sequence of quasi-cyclical fluctu- 
ations ( I ) .  Combined ice core and marine 
sediment core evidence indicates that dur- 
ing periods ranging in duration from about 
500 to 2000 vears the climate became Dro- 
gressively colder. T h e  maxima of these 
Danseaard-Oeschger cvcles were often - 
marked by the expulsion of large numbers of 
icebergs from the ice caps surrounding the 
North Atlantic (Heinrich events) (2).  The  
iceberg expulsions were rapidly followed by 
abrupt warming. The  cold episodes culmi- 
nating in Heinrich events have been pos- 
tulated to be the cause of mountain glacier u 

advances in western North America (3) 
and elsewhere (4). 

F. M. Phillips, M. G. Zreda, M. A. Plummer, Department of 
Earth and Environmental Sc~ence, New Mexico Institute 
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This hypothesis has proved difficult to 
test, in large part because of the difficulties 
in dating moraines by 14C and other con- 
ventional approaches. Cosmogenic nuclide 
methods (5) can be used to directly date 
moraines (6, 7), but various uncertainties 
(8, 9) render tenuous direct chronological 
comparisons with millennial-scale events 
such as iceberg discharges. 

A n  alternative approach that circum- 
vents these difficulties is to investigate con- 
tinuous and datable sedimentary records in 
environments associated with mountain 
glaciers. Although the sediment-based ap- 
proach provides a nearly continuous record, 
it must use indirect proxies for glacial ex- 
tent. Here we test glacial proxies in a sedi- 
ment record from Owens Lake, California 
( lo) ,  by comparing the 14C chronology of 
the proxies with direct 36Cl ages of Sierra 
Nevada moraines. 

The  Owens River drains the eastern 

Resour Invest. Rep. 86-4 7 48 (1 986)l. The poor cor- 
relation may also result from the timing of carbonate 
precipitation. Precipitation is favored by warm water 
temperature and high concentrations of Ca2+ and 
C0,2-. These conditions occur in the late autumn 
when overflow is at a minimum and 6180 values are 
high and not necessarily representative of average 
overflow conditions. 
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more than one glacial cycle. 

28. We thank J. Andrews, G. Bond, and S. Lehman 
for their excellent reviews and suggestions. W. C. 
McClung of Lake Minerals Corporation allowed us 
access to the coring sites. Support was provlded 
by the U.S. Geological Survey Global Change 
Program, NSF, and a University of Southern Cali- 
fornia Faculty Research Innovation Fund grant. The 
work was performed in part under the auspices of 
the U.S. Department of Energy by Lawrence 
Livermore National Laboratory under contract 
W-7405-ENG-48. 

25 April 1996; accepted 12 August 1996 

(1 1 ). T h e  characteristics of sedimentation 
rn dwens  Lake should therefore have been 
sensitive to changes in the magnitude of 
discharge and type of sediment load pro- 
duced by glaciation, particularly the re- 
lease of laree amounts of rock flour bv 

u 

glacial meltwater. Benson et al. (1 0) used 
increases in magnetic susceptibility and 
decreases in inorganic carbon, organic car- 
bon, and carbonate 6 l 8 0  as indicators of 
glacial advance. 

W e  have used cosmogenic 36Cl buildup 
(12) to date late Pleistocene moraines in 
four drainages (Fig. 1). Two of the drain- 
ages, Bishop Creek and Little McGee 
Creek, are tributary to the Owens River. 
Bloody Canyon drains into Mono Lake 
and is about 20 km north of the headwa- 

km 

Boundary of 
drainage basin 

Street, Boulder, CO 80303, USA. 
D. Elmore and P. Sharma, Physics Department, Purdue 

flank the Sierra Nevada (Fig' '1' Fig. 1. Location of Owens River drainage basin 
University. West Lafayette, IN 47907, USA. the major the Si- and valleys where moraines were dated with the 

erra Nevada contain late Pleistocene mo- use of cosmogenic 36CI. CH = Chiatovich Creek, *Present address: Department of Hydrology and Water 
Resources, Unlverslty of Arizona, Tucson, 85721, n i n e  complexes showing that the altitude BC = Bloody Canyon, LMC = Little McGee 
USA. of the equilibrium line was - 1000 m lower Creek, and BpCr = Bishop Creek. 
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