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Wind River Glaciers 1981Wind River Glaciers 1981

Old USGS saying:

“Find a place 
where you want to 
work and then 
figure out how this 
place can be used 
to answer a 
question.”

Fremont Glacier Study Team

Dave and Marlene’s honeymoon
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QUESTIONSQUESTIONS
Has the average air temperature 
changed in alpine areas in the Wind 
River Range?

Are glaciers in the Wind River Range 
responding to accelerated warming? 

Are offsite NOX and SO2 emission 
amounts and sources recorded in the 
ice-core record?
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UPPER FREMONT GLACIERUPPER FREMONT GLACIER
♦ Fitzpatrick Wilderness 

Area 

♦Drilling sites exceeding 
4,000 m ASL

♦ Ice thickness exceeding 
160 m

♦ Largest concentration of 
glaciers in Rockies 
(lower 48)

♦ Flat surface topography 
(ice sheet)

♦ Fitzpatrick Wilderness 
Area 

♦Drilling sites exceeding 
4,000 m ASL

♦ Ice thickness exceeding 
160 m

♦ Largest concentration of 
glaciers in Rockies 
(lower 48)

♦ Flat surface topography 
(ice sheet)

If you’re not the lead goat, 
the scenery never changes…..

Goat packing to Upper Fremont GlacierGoat packing to Upper Fremont Glacier
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UPPER FREMONT GLACIER, WYUPPER FREMONT GLACIER, WY
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Has the average air temperature 
changed in alpine areas in the Wind 
River Range?

Has the average air temperature 
changed in alpine areas in the Wind 
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SNOTEL TRANSFER FUNCTIONSNOTEL TRANSFER FUNCTION
Cold Springs 
SNOTEL

Upper 
Fremont Gl.

0          4.0 km                                             0          4.0 km                                             

♦SNOTEL elev. = 
2,940 m ASL

♦UFG elev. = 
4,000 m ASL

♦22 km apart

♦SNOTEL elev. = 
2,940 m ASL

♦UFG elev. = 
4,000 m ASL
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SNOTEL/UFG DATA ASSUMPTIONSSNOTEL/UFG DATA ASSUMPTIONS
♦Wind removal and melting 

was minimal after 
deposition

♦Storms impact both sites 
with same relative intensity

♦All precipitation is in the 
form of snow

♦Isotopic values are not 
modified after deposition
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TRANSFER FUNCTION 00TRANSFER FUNCTION 00
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DEPTH SENSOR INSTALLEDDEPTH SENSOR INSTALLED
♦Records hourly 

snow depth

♦Captures site-
specific storms

♦Insight into post 
depositional 
processes

♦Records hourly 
snow depth

♦Captures site-
specific storms
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depositional 
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ICE-CORE 
RECORDS
ICE-CORE 
RECORDS

160-M ICE CORE COLLECTED IN 1991
DH-91-1
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CORE 
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ICE-CORE RECORDS

3H peak (1963)
36Cl peak (late 1950s)

End of LIA (mid-1800s)

Tambora (1815)

14C age (mid-1700s)
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Mid 1800s

SUDDEN 
TERMINATION 
OF LIA

SUDDEN 
TERMINATION 
OF LIA
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δ18O PROFILESδ18O PROFILES
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TA RECONSTRUCTION
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Time period
Number of 
ice-core 
samples

Mean delta 
oxygen-18 
(δ18O), in 
permil

Average air 
temperature 
(TA), in 
degrees 
Celsius

Change in 
average air 
temperature 
relative to 
Little Ice 
Age, in 
degrees 
Celsius

1740 to 1845 A.D. 
(Little Ice Age) 220 -19.85 -12.1 0.0

1860 to 1950 A.D. 266 -19.00 -11.5 +0.6

1950 to 1991 A.D. 204 -18.16 -10.9 +1.2

1985 to 1991 A.D. 39 -16.99 -10.0 +2.1

1720 to 1991 A.D. 760 -18.90 -11.4 +0.7

TA RELATIVE TO LIATA RELATIVE TO LIA
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OTHER SITES
1983
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Fremont Whitebark Pine Tree-ring Chronology
Waggoner, Graumlich and Hill (in prep)
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TREE-RING 
DATA
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Salt Lake Tribune, 03/06/01

FREMONT
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GLACIER RESPONSE TO 
WARMING? 
GLACIER RESPONSE TO 
WARMING? 

♦Worldwide retreat and 
thinning of glaciers

♦Exposure of unstable 
sediment

♦Steep slopes

♦Readily mobilized

♦Recently documented by 
O’Connor et al., (2001)
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Aftermath of flood event in 2003Aftermath of flood event in 2003

Photo courtesy of  Liz Oswald, USFS
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WIND RIVER 
RANGE GLACIERS
WIND RIVER 
RANGE GLACIERS

♦Largest extent of glacial 
ice in the Rocky 
Mountains within the 
continental U.S.

♦Grasshopper Glacier: Ice 
dammed lake in headwall

♦Largest extent of glacial 
ice in the Rocky 
Mountains within the 
continental U.S.

♦Grasshopper Glacier: Ice 
dammed lake in headwall
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GRASSHOPPER GL. EVENT GRASSHOPPER GL. EVENT 
♦Ice dam reduced by 

accelerated melting

♦Flood initiated on or 
about 9/6/2003

♦Lake equilibrates to lower 
level via catastrophic 
release 

♦Release of 2.5 million 
cubic meters of water

♦Ice dam reduced by 
accelerated melting

♦Flood initiated on or 
about 9/6/2003

♦Lake equilibrates to lower 
level via catastrophic 
release 

♦Release of 2.5 million 
cubic meters of waterLake after dam failure (9/22/2003)Lake after dam failure (9/22/2003)

Direction of flood release

Photo courtesy of  Liz Oswald, USFS
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DOWNSTREAM IMPACTSDOWNSTREAM IMPACTS

Flood channel on lower Grasshopper Glacier (9/22/2003)Flood channel on lower Grasshopper Glacier (9/22/2003)

Photo courtesy of  Liz Oswald,
USFS Hydrologist
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DOWNSTREAM IMPACTSDOWNSTREAM IMPACTS

Flood deposits in Downs Fork Meadow (9/22/2003)Flood deposits in Downs Fork Meadow (9/22/2003)

Photo courtesy of  Liz Oswald, USFS
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MAP OF FLOOD 
PATH

Downs Lake

Dinwoody Creek

Grasshopper Creek

Klondike Lake

Downs Fork
Creek

Wind River

Grasshopper Glacier

Perennial Lake

USGS Stream Gage

0              3.0 KILOMETERS

Water path after outburst flood
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FLOOD DISCHARGE IN 
DINWOODY CREEK (32 km) 
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DINWOODY CREEK ABOVE LAKES, 
NEAR BURRIS, WY 

USGS stream gage
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ANNUAL PEAK DISCHARGE 

Fremont Glacier Study Team

May 11 Jun 8 Jul 6 Aug 3 Aug 31 Sep 28
400

600

800

1,000

1,200

1,400

1,600

1918

1956

1958

1959

1960
1961

1962

1963

1964

1965

1966
1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1989

1990

1991

1992
1993

1994

1995

1996

1997

1998

1999

2000 2001

2002

2003

 

AN
N

U
AL

 P
EA

K
 D

IS
C

H
AR

G
E,

 IN
 C

FS



Fremont Glacier Study Team

FUTURE FLOOD POTENTIALS FUTURE FLOOD POTENTIALS 

J GlacierJ Glacier Minor GlacierMinor Glacier

Photos from Google EarthPhotos from Google Earth
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FUTURE FLOOD POTENTIALS FUTURE FLOOD POTENTIALS 

Sourdough GlacierSourdough Glacier Sacagewea GlacierSacagewea Glacier

Photos from Google EarthPhotos from Google Earth
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Impact of NOX and SO2 emissions to 
USFS wilderness lands?
Impact of NOX and SO2 emissions to 
USFS wilderness lands?

“….storms have been 
carrying larger and 
larger amounts of 
chemical contaminants 
and dumping them 
across the Rockies….”

Salt Lake Tribune, 
9/8/2001
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Isotopic fingerprints 
of SO2 sources in 
precipitation, 
Northern Rocky 
Mountains

Biogenic 
sources

Sulfide
deposits

Wyoming
coal

Dry lake
beds
St. Helens
ash

Marine
evaporite
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Extending the NADP record of S and N 
deposition, Northern Rocky Mountains

Fremont Glacier Study Team

NOx SO2
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WHAT WE LEARNEDWHAT WE LEARNED
♦Site-specific transfer functions 

developed
♦Ice cores used to reconstruct high 

elevation temperature, nitrate, sulfate, 
bomb pulse, and mercury records

♦Wear life vests when camping below 
rapidly melting glaciers 

♦Never second guess a pack goat 

♦Site-specific transfer functions 
developed

♦Ice cores used to reconstruct high 
elevation temperature, nitrate, sulfate, 
bomb pulse, and mercury records

♦Wear life vests when camping below 
rapidly melting glaciers 

♦Never second guess a pack goat 



Fremont Glacier Study Team28 years later……28 years later……


	Climate and other environmental changes recorded in ice cores from Wyoming 
	QUESTIONS
	UPPER FREMONT GLACIER
	UPPER FREMONT GLACIER, WY
	SNOTEL TRANSFER FUNCTION
	SNOW SAMPLING
	TRANSFER FUNCTION 00
	DEPTH SENSOR INSTALLED
	ICE-CORE �RECORDS
	ICE-CORE RECORDS
	d18O PROFILES
	TA RECONSTRUCTION
	MAP OF FLOOD PATH
	Impact of NOX and SO2 emissions to USFS wilderness lands?
	WHAT WE LEARNED

