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!u#$lacial erosion and sediment dynamics in3luence the si5e, sta#ility, and climatic 
sensiti7ity o3 lar$e ice sheets8 9hese :rocesses may re$ulate lar$e;scale sur$in$ #eha7ior, 
initiatin$ ra:id shi3ts in climate and sea le7el <=acAyeal, ?@@Aa,#B, and :erha:s dictate the 
:eriodicity o3 the Cuaternary ice a$es <ClarE and Pollard, ?@@GB8  He intuiti7ly associate the 
scoured landsca:es o3 the northern continents with su#$lacial erosion, yet estimates o3 the rates, 
timin$ and s:atial :attern o3 erosion #y the Pleistocene ice sheets are con3lictin$ or am#i$uous8 
!u#$lacial erosion is di33icult to study #ecause: <iB 9he :rocesses in7ol7ed taEe :lace #eneath 
lar$e ice sheets8 <iiB As in all erodin$ landsca:es, the record o3 chan$e is continually e33aced as 
the sur3ace is remo7ed, and <iiiB Althou$h thicE de:osits o3 Pleistocene $lacial sediment, which 
contain in3ormation a#out erosional conditions, sur7i7e around the mar$ins o3 3ormer ice sheets, 
they are :atchily :reser7ed and di33icult to date8 

He :ro:ose to study the history o3 erosion #y the Laurentide ice sheet, usin$ the 
cosmo$enic isoto:es ?LMe and NOAl8  Pirst, we will date $lacial sedimentary seQuences at the 
southern mar$in o3 the 3ormer ice sheet usin$ the techniQue o3 R#urial datin$R <Sran$er et al8, 
?@@TB8  Cosmo$enic ?LMe and NOAl are :roduced within the crystal structure o3 sedimentary 
Quart5 $rains while the sediment is eU:osed to cosmic radiation near the VarthWs sur3ace8 Xnce 
the sediment is #uried, these isoto:es decay at di33erent rates and their ratio :ro7ides a measure 
o3 the #urial time8  He ha7e used this techniQue in trial measurements on $lacio3lu7ial sands 
inter#edded with till, :ro7idin$ strati$ra:hically consistent mid;Pleistocene #racEetin$ a$es on 
:re7iously undated $lacial de:osits8 !econd, we will use atmos:herically;:roduced ?LMe, which 
accumulates in soils and is hi$hly concentrated near the sur3ace o3 dee:ly weathered terrains, to 
in7esti$ate the contri#ution o3 :re;$lacial re$olith to Laurentide tills8 He :resume the dee: 
re$olith that co7ered the Canadian !hield :rior to the Cuaternary must ha7e contained an 
enormous in7entory o3 ?LMe, 3ar eUceedin$ what could ha7e accumulated on the craton durin$ 
Cuaternary inter$lacial :eriods8  My measurin$ the ?LMe content o3 sediments eroded and 
de:osited #y the Laurentide ice sheet throu$hout the Pleistocene, we will tracE the remo7al o3 
:re;$lacial re$olith and e7aluate the ice sheetWs res:onse to the onset o3 hard;#ed conditions8  Xur 
initial measurements show that mid;Pleistocene tills contain enormous concentrations o3 
WmeteoricW $%&'8 Concentrations in Hisconsin till are two orders o3 ma$nitude lower8 Yt a::ears 
that the Laurentide ice sheet was Wminin$W a co7er o3 hea7ily;weathered sur3icial material in the 
middle Pleistocene, #ut that this source has now #een lar$ely eUhausted8 

He will a::ly these methods to well;studied seQuences o3 till and inter#edded $lacio3lu7ial 
sediments in southwestern =innesota, and early Pleistocene tills #racEeted #y well;dated ash 
layers in drill cores 3rom !outh ZaEota and Ne#rasEa8 9his com#ination will :ro7ide sam:les o3 
material eroded #y the Laurentide Yce !heet throu$hout the Pleistocene8 9he 3ield area in 
southwestern =innesota :ro7ides access to at least nine se:arate till units in outcro: and drill 
core8 VUtensi7e :rior worE in the area, and easy access to #oth sur3ace and su#sur3ace sam:les 
maEe it ideal 3or this study8     
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 


























1" Lo&-level !"#e- and %&'l  analyses:






















2" Sub-sur6ace production o6 !"#e a+, %&'l and t;eir use in modeling sur6ace processes:



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
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





 



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


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



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



























 

2.5 Myr burial

40 50 kyr302010 kyr exposure

2 Myr

1 Myr burial

4 Myr

2 m burial
depth

3 m4 m

8 m12 m











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[10Be] (atoms/g)

Australia 
(Stone, unpublished data)

Merced R., California
(Pavich et al. 1986)

Virginia Piedmont
(Pavich et al.  1985)

Total inventory: > 5.3 x 1011
(atoms/cm2)    > 5.9 x 1011

Total inventory: 8.8 x 1011

Total inventory: > 8.6 x 1010
> 2.3 x 1011
> 3.5 x 1011
> 3.3 x 1011
> 2.8 x 1011

[10Be] (atoms/g)




10Be











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







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Figure 6.  Map of proposed field area in Minnesota and South Dakota, 
showing deep boreholes and outcrop sites that we plan to study. The 
Minnesota River Valley, where the two boreholes shown at right are 
located, is underlain by several Wisconsinan tills of the Des Moines 
Lobe and then by two unconfomity-bounded packages of middle 
Pleistocene glacial sediment. The Coteau des Prairies highland to the 
south and west consists of thin Wisconsinan glacial deposits overlying 
several hundred feet of early and middle Pleistocene tills.  Independent 
correlation of boreholes is by Patterson et al. (1995). Numerical ages 
are new burial dates described in this proposal. 
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





SUMMARY
PROPOSAL BUDGET

Funds
Requested By

proposer

Funds
granted by NSF

(if different)

Date Checked Date Of Rate Sheet Initials - ORG

NSF Funded
Person-mos.

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL ASSOCIATES
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.D.7.j.)
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI / PD TYPED NAME & SIGNATURE* DATE FOR NSF USE ONLY

INDIRECT COST RATE VERIFICATION
ORG. REP. TYPED NAME & SIGNATURE* DATE

NSF Form 1030 (10/99) Supersedes all previous editions *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG III.B) 

1YEAR

1

University of Washington

John

John

John

 O

 O

 O

 Stone

 Stone

 Stone - Assistant Professor  0.00  0.00  1.00 6,614

   0   0.00   0.00   0.00        0
1  0.00  0.00  1.00     6,614

0 0.00 0.00 0.00 0
0 0.00 0.00 0.00 0
1 9,079
1 1,600
0 0
0 0

   17,293
2,529

   19,822

       0
6,200

0

0
0
0
0
0        0

3,150
0
0
0
0

25,744
   28,894
   54,916

27,396
MTDC (Rate: 51.6000, Base: 53093)

   82,312
0

   82,312
0



SUMMARY
PROPOSAL BUDGET

Funds
Requested By

proposer

Funds
granted by NSF

(if different)

Date Checked Date Of Rate Sheet Initials - ORG

NSF Funded
Person-mos.

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL ASSOCIATES
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.D.7.j.)
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI / PD TYPED NAME & SIGNATURE* DATE FOR NSF USE ONLY

INDIRECT COST RATE VERIFICATION
ORG. REP. TYPED NAME & SIGNATURE* DATE

NSF Form 1030 (10/99) Supersedes all previous editions *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG III.B) 

2YEAR

2

University of Washington

John

John

John

 O

 O

 O

 Stone

 Stone

 Stone - Assistant Professor  0.00  0.00  1.00 6,879

   0   0.00   0.00   0.00        0
1  0.00  0.00  1.00     6,879

0 0.00 0.00 0.00 0
0 0.00 0.00 0.00 0
1 9,442
1 1,600
0 0
0 0

   17,921
2,624

   20,545

       0
6,200

0

0
0
0
0
0        0

3,850
500

0
0
0

33,817
   38,167
   64,912

32,516
MTDC (Rate: 51.6000, Base: 63016)

   97,428
0

   97,428
0



SUMMARY
PROPOSAL BUDGET

Funds
Requested By

proposer

Funds
granted by NSF

(if different)

Date Checked Date Of Rate Sheet Initials - ORG

NSF Funded
Person-mos.

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL ASSOCIATES
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.D.7.j.)
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI / PD TYPED NAME & SIGNATURE* DATE FOR NSF USE ONLY

INDIRECT COST RATE VERIFICATION
ORG. REP. TYPED NAME & SIGNATURE* DATE

NSF Form 1030 (10/99) Supersedes all previous editions *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG III.B) 

3YEAR

3

University of Washington

John

John

John

 O

 O

 O

 Stone

 Stone

 Stone - Assistant Professor  0.00  0.00  1.00 7,154

   0   0.00   0.00   0.00        0
1  0.00  0.00  1.00     7,154

0 0.00 0.00 0.00 0
0 0.00 0.00 0.00 0
1 9,820
0 0
0 0
0 0

   16,974
2,574

   19,548

       0
2,400

0

0
0
0
0
0        0

0
1,000

0
0
0

2,572
    3,572
   25,520

12,151
MTDC (Rate: 51.6000, Base: 23548)

   37,671
0

   37,671
0



SUMMARY
PROPOSAL BUDGET

Funds
Requested By

proposer

Funds
granted by NSF

(if different)

Date Checked Date Of Rate Sheet Initials - ORG

NSF Funded
Person-mos.

FOR NSF USE ONLY
ORGANIZATION PROPOSAL NO. DURATION (months)

Proposed Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

A.  SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty  and Other Senior Associates
          (List each separately with title, A.7.  show number in brackets) CAL ACAD SUMR

$ $1.
2.
3.
4.
5.
6. (        ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
7. (        ) TOTAL SENIOR PERSONNEL (1 - 6)

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. (        ) POST DOCTORAL ASSOCIATES
2. (        ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
3. (        ) GRADUATE STUDENTS
4. (        ) UNDERGRADUATE STUDENTS
5. (        ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. (        ) OTHER
   TOTAL SALARIES AND WAGES (A + B)

C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
   TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)

D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

   TOTAL EQUIPMENT
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)

2.  FOREIGN

F.  PARTICIPANT SUPPORT COSTS
1. STIPENDS         $
2. TRAVEL
3. SUBSISTENCE
4. OTHER
   TOTAL NUMBER OF PARTICIPANTS       (          )                         TOTAL PARTICIPANT COSTS
G.  OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
   TOTAL OTHER DIRECT COSTS

H.  TOTAL DIRECT COSTS (A THROUGH G)
I.  INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL INDIRECT COSTS (F&A)
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I)
K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT  PROJECTS SEE GPG II.D.7.j.)
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ $
M. COST SHARING PROPOSED LEVEL $ AGREED LEVEL IF DIFFERENT $
PI / PD TYPED NAME & SIGNATURE* DATE FOR NSF USE ONLY

INDIRECT COST RATE VERIFICATION
ORG. REP. TYPED NAME & SIGNATURE* DATE

NSF Form 1030 (10/99) Supersedes all previous editions *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG III.B) 

Cumulative

C

University of Washington

John

John

John

 O

 O

 O

 Stone

 Stone

 Stone - Assistant Professor  0.00  0.00  3.00 20,647

 0.00  0.00  0.00 0
1  0.00  0.00  3.00    20,647

0 0.00 0.00 0.00 0
0 0.00 0.00 0.00 0
3 28,341
2 3,200
0 0
0 0

   52,188
7,727

   59,915

       0
14,800

0

0
0
0
0
0        0

7,000
1,500

0
0
0

62,133
   70,633
  145,348

72,063
 

  217,411
0

  217,411
0
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SECTION H:   FACILITIES, EQUIPMENT AND OTHER RESOURCES 
 

1. Laboratory:   
1.1  Sample preparation for cosmogenic isotope analysis will be carried out in dedicated 
chemistry labs at The University of Washington.  These include space for 36Cl and 26Al-10Be 
preparation, from mineral separation through to cathode loading. 
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Full procedural blank measurements from the 
cosmogenic isotope chemistry labs at UW, 
since commissioning in May 2001. Amounts 
of Be carrier used in each measurement are 
shown on the x-axis; isotope ratio 
measurements made at LLNL-CAMS are 
plotted on the y-axis.  Be-10 totals (ca. 3000 - 
15,000 atoms) include those present in the 
carrier solution, plus those derived from 
reagents and environmental contamination.

 

1.2  Analyses of meteoric !"#e in till will be performed at PRIME Lab. Low-level analyses of in-
situ-produced %&Al and !"#e will be performed at the Centre for Accelerator Mass Spectrometry 
(CAMS) at Lawrence Livermore National Laboratory, in collaboration with Dr Bob Finkel.  The 
CAMS accelerator has provided ultra-low-level !"#e analyses of samples prepared at the 
University of Washington, including routine blank measurements at !"#e/9Be ratios below 1 x 10-

15, and sample analyses as ratios as low as 8 x 10-15 (see above).  We consider this high 
instrumental sensitivity essential to the success of the project.   
2. Computer facilities:   
2.1 Cosmogenic isotope data reduction and interpretation will be carried out using programs 
written by Stone (Mathematica) and Balco (MATLAB).  Laboratory developments and results of 
the study will be made available electronically via the UW Cosmogenic Isotope Lab web site 
(http://depts.washington.edu/cosmolab/). 
3. Major Equipment:   
3.1 FN tandem accelerators for 10Be and 26Al analyses - PRIME Lab, Purdue University, and 
CAMS, Lawrence Livermore National Laboratory.  These instruments will provide the AMS 
performance necessary for the 10Be and 26Al analyses. 
4. Other Resources:   
4.1 UW Surface Processes Initiative and Quaternary Research Center.  UW supports cross-
disciplinary initiatives dedicated to the study of Earth surface systems and processes.  These 
bring together a large number of researchers with interests in geomorphology, sediment transport, 
hydrology, isotope geochemistry, glacier and ice sheet studies and other fields related to the Earth 
surface system.  This grouping of faculty and students guarantees an active environment of multi-
disciplinary expertise for conduct of this research. 
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Supplementary Documents 
 
(#)  The following supplementary document is a letter (by e"mail) from Derric Iles, State 
?eologist of South Da@ota, eApressing his support and intention to collaborate in this study: 
 
 
South Da@ota Department of 
Environment and Natural Resources 
GEOLOGICAL SURVEY 
 

AHELEJ SCIENCE CENTER, USD 
M#M EAST CLARH STREET 

NERMILLION, SD  QRSTUVWXUS 
TSQVTRRVQWWR 

FAZ  TSQVTRRVQ[UQ 
INTERNET  !!!.state.sd.us)denr 

 
November WT, WSS# 
 
Dr. ]ohn Stone 
Quaternary Research Center 
University of _ashington BoA XQ#XTS 
Seattle, _ashington  U[#UQ"#XTS 
 
Dear Dr. Stone: 
 
Jour proposed research plans to address a number of fundamental questions concerning 
Pleistocene continental glaciation (e.-., number, timing and eAtent of past glacial advances, ice 
dynamics, and rate of climate changes) that researchers in the Midwest, including ourselves, have 
been puccling over for decades. Jour proposed wor@ has significant merit, and we believe is 
deserving of funding. 
 
The aspect of your wor@ that is of immediate interest to us at the South Da@ota ?eological 
Survey is the potential to establish a stratigraphic sequence of Pleistocene glacial sediments by 
measuring #SBe and WTAl cosmogenic isotopes in quartc within these sediments. Establishing a 
Pleistocene stratigraphy in eastern South Da@ota has been a difficult tas@ for us at the South 
Da@ota ?eological Survey, as there is very little material (organic or otherwise) that is preserved 
and can be dated in the glacial sediments. Measuring magnetic reversals in glacial sediments is 
unfortunately beyond our means. The few samples that have been dated are primarily late 
_isconsin in age (C"#M dates)d dated pre"_isconsin sediments are restricted to volcanic ash 
layers, the preservation of which is rare. By determining burial and eAposure ages in glacial 
sediments, this wor@ has the potential not only to help unravel the glacial stratigraphy in eastern 
South Da@ota, but to greatly facilitate correlations of till sheets beyond our statees borders into 
North Da@ota, Minnesota, Iowa, and Nebras@a. 
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Jour proposed wor@ is also attractive from an applied geoscience perspective. For eAample, a 
better understanding of Pleistocene stratigraphy in eastern South Da@ota will allow a more 
accurate correlation of glacial aquifer materials (sand and gravel bodies) in the region, an 
important step to establishing water reserves and areas of recharge. ?lacial aquifer mapping has 
been one of the main focuses of the South Da@ota ?eological Survey for many years, as local 
residents commonly use these aquifers for both irrigation and drin@ing water. 
 
The South Da@ota ?eological Survey is more than happy to provide you with continued access to 
our archived core. _e hope the samples your graduate student, ?reg Balco, collected this fall 
from our core archives will be useful in your research. _e have an additional sample collected 
just below the Pearlette gOh layer near Hartford, South Da@ota (a trench sample) that we will 
send to you shortly. 
 
Sincerely, 
 
 
 
Derric Iles 
State ?eologist 
 
DLI:co 
 
Sent by e"mail 
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(W)  The following supplementary document is a letter (by e"mail) from Dr ]oseph Mason of the 
Nebras@a State Conservation and Survey Division, eApressing his intention to collaborate and 
offering access to core samples for this study: 
 
 
]oseph A. Mason 
Conservation and Survey Division 
University of Nebras@a"Lincoln 
##X Nebras@a Hall 
Lincoln, NE T[Q[["SQ#R 
 
November WT, WSS# 
 
Dr. ]ohn Stone  
Quaternary Research Center  
University of _ashington  
BoA XQ#XTS  
Seattle, _A U[#UQ"#XTS  
 
Dear Dr. Stone: 
 
I am writing to support your proposal to the National Science Foundation, gThe Terrestrial Record of 
?laciation and Subglacial Erosion by the Laurentide Ice Sheet,h and to offer assistance in obtaining 
samples from Nebras@a for the proposed project.  The project will address new and eAciting research 
questions that have emerged in recent years, regarding interpretation of the terrestrial record of glaciation 
pre"dating the last glacial maAimum. The proposal to combine gburial dating,h using in situ"produced 
cosmogenic isotopes, with the use of atmospheric #SBe accumulation to identify glacially rewor@ed 
regolith is a novel approach (to my @nowledge) and appears to be a highly appropriate test of the Clar@ 
and Pollard (#UU[) hypothesis. 
 
The proposed test of the gburial datingh technique also has broader significance for Quaternary geology 
in the North American midcontinent.  The chronology of middle and early Pleistocene glaciation is the 
@ey evidence we will need to eventually resolve persistent questions about the role of glaciation in, for 
eAample, long"term drainage networ@ evolution, early and middle Pleistocene loess stratigraphy, and 
sediment supply to the Missouri"Mississippi basin.  In Nebras@a, application of the gburial datingh 
technique to glacial deposits could complement an ongoing NSF"funded project (in which I am a PI), 
using cosmogenic isotope geochemistry and luminescence dating to establish a chronology for the loess 
sequence that post"dates the most recent mid"Pleistocene glaciation.  
 
Clarifying the chronology of glaciation in eastern Nebras@a could have more practical applications as 
well.  ?lacial deposits in this area host some locally important aquifers and influence groundwater 
recharge and subsurface contaminant transport across the region, but it is presently very difficult to 
predict the lateral variation of glacial lithofacies.  The ability to distinguish deposits of the multiple 
glaciations that have affected this area could potentially allow us to apply process"based models of 
glacial sedimentology to this problem. 
 
The Conservation and Survey Division (Nebras@aes state geology, water, and soils survey) has a large 
collection of cores from Pleistocene deposits of eastern Nebras@a, resulting from a project led by ]ohn 
Boellstorff in the late #URSes.  These cores were the basis for Boellstorffes widely cited proposal that the 
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classical gfour"stageh glacial chronology be abandoned.  They include sections in which glacial tills 
occur in stratigraphic conteAt with volcanic ash beds that have been fission"trac@ dated or geochemically 
correlated to eruptions from the Jellowstone area and other volcanic centers.  In many cases there is 
sufficient core material left to provide samples for your analysis without destroying the archived 
stratigraphic record.  _e are also continuing to collect new cores in eastern Nebras@a in the course of 
geologic mapping. 
 
_e will provide you with access to the archived cores, to study the stratigraphy and to collect samples 
(where sufficient material remains).  I would also be happy to assist you in locating potential field 
sampling sites in Nebras@a.  Than@ you for informing me of this important project. 
 
Sincerely, 
 
 
 
 
 
 
]oseph A. Mason 
Research ?eologist 
 
 
cc: Mar@ Hucila, Conservation and Survey Division Director and Nebras@a State ?eologist     
 




