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THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721 )

DEPARTMENT OF GEOSClENCES
BUILDING #77 e
GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

FAX (602) 621-2672 .~ -~

March 27, 1989

Mr. Kenneth Taylor

U.S. Department of Energy
Idaho Operations Ottlce
785 DOE Place

Idaho Falls, ID 83402

Dear Mr. Taylor:

With reference to instrument no. DE-FG07-861D12622, we are ¥w
four samples from George R. Priest for completion of the abo
have dated 36 samples and reported 30 of the 40 total
contract. We will report the six already dated following a

}
i
i
l
|
|

aiting to receive
ve 1nstrument. We
samples 9nder the
calibration check

next week and the four from George Priest Wwill be expedited upon receipt.

Please take the necessary steps to make modification M003
FG07-861D12622. T

Sincerely,

Paul E. Dambn

bbm
Xc: Ronald King
ward Ross
Muhammad shathullah'

to instrument No-
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U.S. DEPARTMENT OF ENERGY ,
OTICE OF FINANCIAL ASSISTANCE AWA
{See Instructions on Reverse)

—

Under the suthority of Public Lew 93-410 and |
subject 1o legislation, regulations and policies applicable to (cite legislative program title): '
Geothermal R&D Act of 197 }
1. PROJECT TITLE 2. INSTRUMENT TYPE ;
- K-Ar Age Dating of Young Volcanic Rocks & cranT 0 COOPERATIVE AGREEMENT
L 4. INSTRUMENT NO. 5. AMENDMENT NO.
3. 'RECIPIENT (Name, address, zip code, ares code and telephone no.] DE-FG0O7-861D12622 -
. Uhjversity of Arizona 6. BUDGET PERIOD 7. PROJECT PERIOD
'Department of Geoscience erom: 2/1/86  thru: 1/31/87 |rrom: 2/1/86  hru:1/31/87
. 'Tucson. Arizona _ 85721 . (9. TYPE OF AWARD -
L N, leph No. ;
8.; RECIPIENT PROJECT DIRECTOR (Name and telephone 0.) : \f & New ) CONTINUATION ) RENEWAL
Dr. Paul E. Damon (602) 621-602 %# i ‘
¢ "0 REVISION O SUPPLEMENT

9. RECIPIENT BUSINESS OFFICER (Name and telephone No.)

\_

12. ADMINISTERED FOR DOE BY

Dr. Paul E. Damon (602) 621-6024 Ronald A. King

11. DOE PROJECT OFFICER (Name, address, zip code, telephone No.)
Peggy A. M. Brookshier (208) 526-1403
U.S. DOE, Idaho Operations Office
_785 DOE P]ace Idaho Falls, ID 83402

Idaho Operations
785 DOE Place

(Name; address, zip code, telephone No.

(208) 526-0790

U.S. Department of Energy

Office

Idaho Falls, ID 83402

)

13 RECIPIENT TYPE

. | ;
(0 sSTATE GOV'T [J INDIAN TRIBAL GOV'T O HosPITAL 3 FOR PROFIT | O INDIVIDUAL
. ORGANIZATION
{JLocaL Gov'T X INSTITUTION OF J OTHER NONPROFIT [(JOTHER (Specity)
HIGHER EDUCATION ORGANIZATION Oc DOp Osp:

114. ACCOUNTING AND APPROPRIATIONS DATA

a. Appropriation Symbol b. B & R Number c. FTIAFP/OC d. CFA Number

15. EMPlleYER 1.D. NUMBER/SSN

89 x 0224.91 AM 1015100 1D-64-91/410

16. BUDGET AND FUNDING INFORMATION

ONS ,

a. CURRENT BUDGET PERIOD INFORMATION b. CUMULATIVE DOE OBLIGATI(
(1) DOE Funds Obligated This Action s 29,999 (1) This Budget Period $ 29,999
+2) DOE Funds Authorized for Carry Over V- [Total of lines a.(1) and &.(3)]
‘ (3) DOE Funds Previously Obligated in this Budget Period $ (2) Prior Budget Periods | $ -0-
‘ _?g_ggg____
. {4) DOE Share of Total Approved Budget $
- -0- .

(5} Recipient Share of Total Approved Budget (3) Project Period to Date $ 29 > 999

{6} Total Approved Budget $ 29,999 [Totsl of lines b. [1) and b. (2}]] \
' 17. TOTAL ESTIMATED COST OF PROJECT  § _29,999 '

(This is the current estimated cost of the project. It is not & promise to award nor an authorization to expend funds in this amount.}

o

. 18. AWARD/AGREEMENT TERMS AND CONDITIONS
This award/agreement consists of this form plus the following:
a. Special terms and conditions {if grant) or schedule, general provisions, special provisions (if cooperative agreeme

b. Applicable program regulations fspecify)

nt)

___{Date)

Dc
0 with changes

c. DOE Assistance Regulations, 10 CFR Part-600, 8s amended, Subparts A and I} B (Grants) or

3/13/85

d. Application/proposal dated O as submitted

lCooperaxlve Agreements).

BS negotnated

19. REMARKS

This Grant consists of this NFAA, Part I - Budget Plan, Part II - C
Statement of Work. The DOE F1nanc1a1 ‘Assistance Rules (10 CFR Part
A-21 and A-110 are incorporated by reference and attached hereto.

0

nditions, Part I1I
600) and OMB Circulars

20. EVIDENCE OF RECIPIENT ACCEPTANCE

NG P L R 1

21. AWARDED BY

!S/gna ture of Authorized Recipient-Qfficial) {Date)

Paul E. Damon William C. Drake

C. Qdé,

{Signature)

l/ﬂ A’L

" (Date)

Chief Scientist" Laboratory of Isotope Contracting Officer

{Name)

{Title)

Geochem1stry

(Title)




.Grant No. DE-FGO7-861D12622
University |of Arizona

BUDGET PLAN

SALARITES
- Principal Investigator $ 3,982
' Paul E. Damon
Co-Principal Investigator 6,750
Muhammad Shafiquallah
Other Professionals 9,450
Graduate Students ‘ 2,]00
420 hrs. @ $5.00/hr
Undergraduate Students 1,590
397.5 hrs @ $4.00/hr
Clerical ' 750
. 120 hrs @ $6.25/hr
Electrical Technician 495
60 hrs @ §
TOTAL Salaries o $25,117
FRINGE BENEFITS : 2,355

OTHER DIRECT COSTS

Materials and Supplies | 2,325
Communications 7 202
TOTAL Other Direct A A 2,527
TOTAL DIRECT ‘ ‘ $29,999
INDIRECT COSTS -0-

TOTAL PROJECT COSTS , ‘ $29,999
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Special Terms and Conditions for Research Grants

FG07-861012622

The requirements of this attachment take precedence over all otper ]
requirements of this grant found in regulations, the general terms and

conditions, DOE orders, etc. except requirements of statutory law.
apparent contradiction of statutory law stated herein should be

Any
presumed to

be in error until the Grantee has sought and received clarification from the
Contracting Officer, whose signature appears on the face page of this award.

1. Payments

a.

The Grantee may request advance payment of cost to be
Such requests should not exceed the expected outlays

Grantee in the succeeding 30-day period.

incurreﬁ.
by the

Payments to the Grantee shall equal the Federal share of actual

and notw1thstand1ng any other provision of this gran

‘allowable costs of performance of this grant, prov1ded however,

t that the

Government's monetary liability under this grant sha]] not exceed

the Government share of the total approved budget or
equal to the Federal share of actual aliowable costs
less. The Grantee shall be obligated to perform unde
throughout the agreed-upon period of performance, an
costs which DOE has not agreed to pay. However, the
have the right to cease to perform when or after the

an amount

) wh1chever is
er this grant

d to bear all

Grantee ‘shall
Federal'ﬁhare

of actual allowable costs equals or exceeds the Government share
of the total approved budget and if prior written notice to that

has been provided to DOE.

The Government obligations may be increased un11atera]]y by DOE by |
written notice to the Grantee and may be increased or decreased by
written agreement of the parties.

Upon termination or expiration of the total period of performance,
the Grantee shall promptly refund to DOE (or make such disposition
as DOE may in wr1t1ng direct) any sums paid by DOE to the Grantee
under this grant in excess of the cumulative Government allowable

cost incurred in performance under the grant.

Applicable Credits. The Grantee agrees that any ref

credits, or other amounts (including any interest th

unds, rebates,
ereon)

accruing to or received by the Grantee or any assignee under this

grant shall be paid by the Grantee to the Government
extent that they are properly allocable to costs for
Grantee has been reimbursed by the Government under
Reasonable expenses incurred by the Grantee for the
securing such refund, rebates, credits, or other amo
allowable costs hereunder when approved by the Contn

-1-

, to the

which the
this grant.
purpose of
unts shall be
acting Officer.




Audit Adjustments.

DE-FGD7-861D12622

The Contracting Officer may have invoices or

vouchers and statements of cost submitted under this grant audited
at any time prior to the end of the required retentiion period for

the grant records.

Each payment made shall be subject to

reduction for amounts included in the related invoice or voucher
which are found by the Contracting Officer, on the basis of audit,

not to constitute allowable cost. If a final audi

not been performed prior to closeout of the grant,

successor agency, shall have the right to recover

tl of costs has
DOE or its
an appropriate

amount after fully considering the recommendations\on disallowed
costs resulting from the final audit when conducted.

Cognizant Office. Invoices should be sent to the

designated in Block 12. of the Notice of Financial|

Award Form. In addition to the initial supply of

individual
Assistance
forms made

available with this award, appropriate payment forms and

instructions will be provided by that office upon

Reporting Program Technical Performance

a.

- accordance with the DOE Order 1332.2.

Copies.

request.,

Copies of reports and all other related data and

information generated under this grant shall be submitted in
accordance with the attached Federal Assistance Reporting

Checklist (DOE Form EIA-459A).

Publication of Results. The Grantee may publish the results of

its work.

However, publications and reports prepared under this

grant shall contain the following acknowledgment statement, "This

(material) was prepared with the support of the U.

S. Department of

Energy (DOE) Grant No. DE-FG0O7-861D12622. However, any opinions,
findings, conclusions, or recommendations expressed herein are

those of the author(s)
DOE."

and do not necessarily refl

ect the views of

Reporting Requirements. The Federal assistance recipient shall
prepare and submit (postage prepaid) the plans anq reports
indicated on the Federal Assistance Reporting Distribution List.
Preparation of the specified pians and reports shall be in

recipient provides in the plans and reports shall

with the scope and complexity of the task and shal
delineated in Block 4 - Reporting Regquirements - &

Special Instructions.

A1l reports delivered to DOE shall be the sole prc
DOE. The Grantee shall not claim that any report
trade secrets or commercial or financial informati
Grantee to be privileged or confidential, or that
any proprietary interest in any report.

The level of detail the

be commensurate
1 be as
ind Block 5 -

perty of the
contains any
on deemed by the
the Grantee has




DE-FGO7-861012622

’Designated Key Personnel

‘The following individuals are designated key personnel |in accordance
with General Condition No. 14: ;

Or. Paul E. Damon - Principal Investigator

Project Completion Date

r

The project completion date identified in-Block 7. of Fhe Notice of
Financial Assistance Award includes and additional 90 days for'
completion of the final report. Al1 R&D effort must be completed 90
days prior to the project completion date. . Only costs assoc1ated with
preparation of the final report will be allowed during|the 90 days
prior to the project completion date.

b

Technical Data

Except for technical data contained in pages N/A of the rec1p1ent S
application, dated N/A : » which are assefted by the
Grantee as being proprietary data, it is agreed that as a condnt1on of
this award, and notwithstanding the provisions of any not1ce appear1ng
on the app]1cat1on the Government shall have the r1ghF to usel
duplicate, disclose and have others do so for any purpose whatsoever
the technical data not identified in the above b]anks contained in the

application upon which this award is based

Prior Approval

The following actions or costs specified in the application requ1re
prior approval of DOE and are specifically disapproved in accordance
with General Condition No. 3:

(To be determined by Contract Specialist)

Patent (lauses

The following patent clauses are applicable to this griant award:

Patent Rights (Small Business Firm or Nonprofit Organization) (see
10 CFR Part 600.118(b)(1) attached).

Rights in Technical Data (Short Form) (see 10 CFR Parf 600.118(b) (3)
attached)

Notice and Assistance Regard1ng Patent and Copyrlght ]nfringeﬁent (see
10 CFR Part 600.118(b)(6) attached).

Reporting of Royalties (see 10 CFR Part 600.118(c) attached).




8. Title to Equipment

d.

H3k-0403K

DE-FG07-861D12622

Title to the following items of equipment shall vest with the

Grantee upon completion of this grant:

None.

Title to the following items of equipment shall vest with the

Government at the end of the grant project period:

None.
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- General Terms and Conditions for Research Grants

Explanation

These general terms and conditions do not restate all the

b
prov151ons of

applicable statutes and regulations nor do they represent an exhaustive

listing of all requirements applicable to this grant.
highlight and are consistent with those requirements
eSpecially pertinent to research grants in general.

emphasized by inclusion here either because they are
frequency, their violation is a matter of especially
(e.g., use of human subjects), and/or they have been
research context to be more easily understood by the

whi
The)
inv
ser
res
res

Rather they

ch are

y are being
oked w1th high
ious contern
tated injthe
earch cohmunity.

In addition to these general terms and conditions, the grantee must

comply with all governing requirements, including those
Block 18 of the Notice of Financial Assistance Award and
in the Special Terms and Conditions attached to this gra

Grantee Adherence to Grant Terms and Conditions

1dent1f1ed in
those 1nc1uded
nt award}

The grantee's signature on the application and on the No
Financial Assistance Award signifies the grantee's agreé
terms and conditions of award. Should the grantee be11é
of any of the terms and conditions of this award is nece
authorized official of the grantee organization or, in t
individual, the grantee, must submit a written request o
behalf or on behalf of any subgrant rec1p1ent or app]1ca

Contracting Officer named on the face page of this award.

Following this procedure is vefy important because many
and conditions of this grant are required by statute and
enforced by the Department of Energy
Definitions

Principal Investigator

As used herein, the scientist or other programmatic expe
Block 8 of the Notice of Financial Assistance Award desi
grantee organization to direct the scientific/technical
supported (also calied program director or project direc

Prior Approval

A statement in writing, signed by the DOE Contracting Of
cost may be incurred or an action may be taken. The app
the form of a letter or of a revision to the grant. If
costs requiring prior approval are specified in the app|l
not expressly disapproved by DOE in the attached Special
Conditions, the award of the grant constitutes such prio

tice of ,

ment to the

ve mod1f1cat1on
ssary, an

he case of an

n its own

nt to the

of the terms
must be

rt named in
gnated by the
efforts .being

ctor/leader).

ficer, that a
roval may take
actions or
ication'and are
Terms and

r approval.




Authorized Grantee Signatures for Prior Approval Requests

All requests for prior approval must be signed by an 1nL1v1dua1 |who is
authorized to act for the grantee organization. The 51gnature cf the
Principal Invest1gator (unless also a corporate officer|or otherw1se
authorized) is insufficient to obtain action on a prior| approval
request, although countersignature by the Principal Invest1gator is not
discouraged. Requests for budget revisions shall be made on the same
budget format as used in applying for this grant and must be supported

by a narrative justification. Other prior approval req|
made by letter. Prior approval requests should be addr
Contracting Officer named on the face page of this awar

Allowable Costs/Applicable Cost Principles

In accordance with the applicable cost principles cited
the amount shown on the face page of this award for the
budget for the current budget period (line 16.a.(6)), t
costs of this grant shall consist of the actual allowab
incident to performance of this project plus the alloca
the allowable indirect costs, if any, of the organizati
applicable credits.

The allowability of costs for work performed under this
subsequent subaward will be determined in accordance wi
cost principles applicable to the grantee or subrecipie
the date of award or, for any subaward, in effect as of

that subaward, except as modified by other provisions o
the subaward.

The Federal cost principles applicable to specific type
and subrecipients are:

1. Institutions of Higher Education. OMB Circul
Principles Applicable to Grants, Contracts ar
Agreements with Institutions of Higher Educat
applicable to both public and private college
universities.

a

uests may be

essed to|the
d. 1‘
|

1
below and up to
total approved
the a]]owab]e
le dlrect costs
ble portnon of
on less’
‘}

grant and any

th the Federa]

nt in effect on
the date of

f this grant or

|

s of grdbtees

State and local governments and Indian tr1ba1
OMB Circular A-87, Cost Principles App11cab1e
Contracts and other Agreements With State and
Governments, is applicable to state, local, a

governments (and shall also be used to the ex
for foreign governments).

Hospitals. 4S CFR Part 74, Appendix E, Princ
Determining Costs Applicable to Research and
under Grants and Contracts with Hospitals, a
nonprofit and for-profit hospitals.

D

ar A-21 tCost

d Other ;

ion, is!

>s and E
governments
to Grants,
Local =

nd Ind1an tribal
tent appropr1ate

iples for

Deve]opment
[}

plies to

r
I




4. Other nonprofit organizations.and individuals; OMB Circular
A-122, Cost Principles Applicable to Grants, Contracts, and
other Agreements with Nonprofit OrganizationsL applies to
nonprofit organizations and individuals except for nonprofits
specifically exempted by the terms of the c1rcu1ar or ‘those
nonprofits covered by the cost principles cited in items 1.-
3. above.

5. Commercial firms and certain nonprofit organigations., 48 CFR
Subpart 31.2, Contracts with Commercial Organjizations, as
supplemented by 48 CFR Subpart 931.2, applies|to those
nonprofit organizations not covered by OMB Circular A-122, as
specified by the terms of that circular, and to all
commercial organizations other than those covered by the cost
principles in item 3. above.

Payment

Payments under this award will be made by an advance payment method
unless DOE determines that the grantee's financial management system
does not meet the requirements of 10 CFR 60C.109 or the grantee has not
maintained, or demonstrated the willingness and ab1]1tj to ma]nta1n
procedures that will minimize the time elapsing between transfer of

funds from the U.S. Treasury and their disbursement for grant-related
purposes.

The appropriate advance payment method or the reimbursement method and
the cognizant finance office are spec1f1ed in the attached Special
Terms and Conditions.

Advances by the grantee to subgrantee and contractor organizations must
conform substantially to the same standards of timing and amount that
govern advances made by the Federal Government to the grantee Excess
cash advances erroneously withdrawn from the U.S. Treasury shall be
promptly refunded to DOE unless the funds will be disbursed within
seven calendar days or the amount is less than $10,000| and will be
disbursed within 30 ca]endar days.

Interest earned on advance payments to other than state governments or
their subgrantees shall be reported on the Report of Fédera] Cash
Transactions (SF-272) and promptly remitted to the cognizant finance
office (unless otherwise specified in the attached Spetlal Terms and
Conditions) by check payable to the Department of Enerby.

Preaward Costs

Costs incurred prior to the beginning date of a new or| renewal award
are allowable only if they were approved in writing, prior to
incurrence, by a DOE Contracting Officer. (Note - thils provision does
not apply to such bid and proposal costs as may be recovered through an
indirect cost rate negotiated in accordance with the applicable Federal
cost principles.)




Reporting Requirements

Attached to this grant award is EIA 459A, a checklist of [the repdrts
required under this grant. o

The grantee shall submit a technical progress report (also ca]]eq a
performance report) as part of any application for cont1muat1on or
renewal of DOE grant support. This report snall be in lieu of al
separate annual performance report. Upon completion or term1natmon of
the project, the final technical report shall be preparep in accqrdance
with the applicable program rule cited on the face page of this award
or, in the absence of such program rule coverage, with tpe techn1ca1
reporting format specified in the Uniform Reporting System for Federa1

Assistance (Grants and Cooperative Agreements) (DOE/MA- 001).

The grantee shall submit an annual Financial Status Report (SF- 269)
within 90 days after the close of the budget period shown on thelface
page of, this award. The grantee shall submit a final Financial Status
Report within 90 days after the completion or termination of the
project period shown on the face page of this award unless the proaect
period is extended. In the latter case, the report ?or‘the Tast;budget
period of the existing project period sha]] be considered an annua]
report. |

Instructions concerning reports to be submitted in conjunction with
payment under this award are specified in the attached Special Terms
and Conditions.

'

Cost-Sharing ‘ !

Any cost-sharing as shown on the face page of this award shall defray
allowable costs of the project only. Allowability of s&ch costs shall
be determined in accordance with the statutes, regu]at1ons, appllicable
cost principles, and other terms and cond1tjons governing this award.

Cost-sharing contributions may be in the form of direct|or indinect
costs, including cash or in-kind contributions, incurred by thef
grantee, its subgrantees, or contractors. The cost sharing may jbe in
any allowable budget category or combination of categories. When a
direct cost item represents some or all of the non-Federal
contribution, any associated indirect costs may not be charged to
Federal funds but may be counted as part of the cost-sharing. The
treatment of a contributed cost as direct or indirect must be

consistent with the classification of similar items charged to QOE
funds. » ]

Valuation of in-kind contributions and. documentation of costfghéring
shall be in accordance with 10 CFR 600.107. !

i
+




10.

11.

12.

13.

Continuations, Renewals, and Extensions

Grantees are responsible for assuring that properly completed
applications for continuation awards are received no later than 4

months prior to the expiration date of the current budget period: shown
on the Notice of Financial Assistance Award.

If a grantee wishes to apply for a renewal award in order to receive
funding beyond the scheduled expiration of the existing [project period,
a properly comp]eted application must be submitted to DOE no later than
four months prior to the scheduled expiration date of the proaect
period as shown on the Notice of Financial Assistance Award.

Grantee requests for extensions (modif1cat1ons extending an existing
project period by 18 months or less in order to comp1ete a project)
must be submitted prior to the expiration date of the proaect period as
shown on the face page of this award, and must include a budget for the
use of any remaining funds or any additional funds requgsted Any
request for an extension, which includes a request for additional funds
and any request for an extension of more than 90 days, should be
submitted to DOE ro later than four months prior to the|scheduled
expiration date of the project period.

Maximum DOE Obligation

Property

This grant is subject to the requirement that the maximum DOE
obligation to the recipient is the amount shown on the Notice of
Financial Assistance Award as the amount of DOE funds obligated!
shall not be obligated to make any additional, supplemental,

continuation, renewal or other award for the same or any other purpose.

DOE

Transfers of Funds Between Grants

Transfers of funds between DOE grants, and transfers of| funds from a

- DOE grant to a project (or portion of a project) not supported by that

grant require the prior approval of DOE. Transfer of flunds 1nto a DOE
grant-supported project from a grant awarded by another Federa] agency
does not require DOE prior approval but may, of course, require*the
approval of the other Federal agency. Funds so transferred from the
grant of another Federal agency may not be used to satisfy any *
cost-sharing requirement on a DOE grant.

Real and Tangible Personal Property

No real property may be acquired under this awafd.

has a useful life of more than 2 years and an acquisit]

Title to any equipment (an article of tangible persona

or more) or supplies acquired by a nonprofit institutic
education or a nonprofit organization whose primary pur

propert& that
on cost of $500
on of higher
pose is the

conduct of sc1ent1f1c research shall vest in the grantee and such

-5-




14.

15.

!

equ1pment shall be exempt from accountability except that DOE has the
right to transfer ownership of any item of equipment hav1ng a un1t
acquisition cost of $1,000 or more under the cond1t1ons spec1f1ed in 10
CFR 600.117(d)(2). This exemption is derived from Publ1c Law 95-224.
The Federal Grant and Cooperative Agreement Act of 1977, as amended

[
Title to equipment and supplies acquired by all other grantees!sha]]
vest in the grantee. However, such grantees shall be accountap]e for
equipment with a unit acquisition cost of §1,000 or more acquired under
this grant as specified in 10 CFR 600.117(d)(2), (3) apd (4). ?For such
grantees, supplies need only be accounted for at c]oseout and then only
if they are unused and exceed $1,000 in total aggregate current fair
market value. In this case accountab111ty requires that DOE be
compensated in an amount computed in accordance with Section 600. 117(e)
if the supplies are retained for use on non-Federal activities)

A1l grantees shall follow property management policies| and procedures
which provide for adeguate control of the acquisition and use of assets
acquired under the grant.

Intangible Property : }

Treatment, including reporting, of patent and data rights and

copyrights shall be as specified in the Special Terms |and Conditions of
this grant. A j

Change or Absence of the Principal Investigator or Designated Key

Personnel I

Since the DOE decision to fund a project is based, to|a s1gn1q1cant
extent, on the qualifications and level of part1c1pat1on of the
Pr1nc1pa1 Investigator, a change of Principal Invest1gator orlof the
level of effort of the Principal Investigator is cons1dered a iChange in
the approved project. The approval of DOE must be obta1ned pritor to
any change of the Principal Investigator or, in certa}n cases, other
key personnel who have been identified as key personnel in the Special
Terms and Conditions of this grant. In addition, any cont1nuous
absence of the Principal Investigator in excess of three months or
plans for the Principal Investigator to become substantially less
involved in the project than was indicated in the approved grant
application requires DOE prior approval. Grantee is encouraged to
contact DOE immediately upon becoming aware that any 6f these,changes
are likely to be proposed, but in any event must do so and rece1ve DOE
prior approval before effecting any such change.

Changes in Objectives or Scope

Any change in the objectives or scope of a grant-supported project
requires the prior approval of DOE. Such changes include chapges in
the phenomenon or phenomena under study and in the methodology or
experiment if they are a specific objective of -the research work as
stated in the application approved by DOE.




16.

17. General Procurement Prior Approval Reguirements

18.

19.

20.

Transfer of Substantive Programmatic Effort - 1

None of the substantive effort of this project may be transferred by
contract or subgrant to another organ1zat1on or person w1thout ﬂhe
prior approval of DOE. This provision does not apply to the !
procurement of equipment, supplies, materials, or generq] suppoqt
services which may, however, be SUbJECt to other prior qpprova]
requirements as found, for example, in the applicable cost pr1nc1p]es
or procurement standards f

I
i

A grantee must receive prior approval from DOE before entering 1nto any
sole source contract or a contract where only one bid or proposa] is
received when the value of the contract in the aggregate is expected to
exceed 1) $10,000 and the grantee is a state, local, or|indian tr1ba1
government or 2) $5,000 for all other grantees. '

!

Equipment and Other Capital Expenditures ' '
1
Expenditures for equipment and other capital assets having a unjt
acquisition cost of $500 or more require the prior approval of DOE with
one exception. For special purpose equipment, prior approval is
required only when the unit acquisition cost is $1,000 or more. i
(Special purpose equipment means equipment which is usep only for
research, medical, scientific, or other technical activjities. )

Travel

Foreign Travel - DOE prior approval is required for each separate
foreign trip. Foreign travel must be directly related to the progect
objectives. Foreign travel is any travel outside Canada and the United
States and its territories and possessions or, for graﬁtees ]ocated in
another country, travel outside that country.

Domestic Travel - Such costs are allowable to the extent providFd in
the approved budget. In addition, grantees may exceed |the appnpved
budget amount for domestic travel by up to 25% or $500 |whichever is
greater, without DOE prior approval. All other expenditures for

domestic travel beyond these 1imits require prior approval.

Consultant Services

Costs of consultant services are allowable subject to satisfaction of
the requirements of the applicable cost principles, including the
requirement that the consultant not be an employee of the grantee
organization. There is one exception to the requirement that the
consultant not be an employee of the grantee organizatjon which app11es
to colleges and universities only. For colleges and un1vers1t1es, in
unusual cases, and only with the prior approval of DOE
intra-organizational consultation may be permitted whe"e consultation

is across departmental lines or involves a separate or{remote operation.

'




21.

22.

Paperwork Reduction

Th1s award is subject to the requirements of the Paperwork Reduct1on

Act of 1980 as implemented by the Office of Management
rules, "Controlling Paperwork Burdens on the Public," p
5 CFR 1320 (48 FR 13666, 3/31/83) if the grantee will ¢
information from ten or more respondents either:

A. At the specific request of DOE, or

B. If the award requires specific DOE
approval of the information collection
or the collection procedures.

Any proposed sponsored information collection under ite

shall be submitted by the grantee to the Contracting Of
the face page of this award at least 90 days prior to t
of information collection. DOE will seek the requisite
the Office of Management and Budget and will promptly n
grantee of the disposition of the request.

Generally Applicable Requirements

In accordance with 10 CFR 600.12, this grant is subject
statutory and other generally applicable requirements.
requirements most pertinent to research projects are hj

Animal Welfare

Any grantee performing research on warm-blooded animals
with the Laboratory Animal Welfare Act of 1966 (Public

amended) and the regulations promulgated thereunder by

Agriculture at 9 CFR Chapter 1, Subchapter A, pertainin
nandling, and treatment of warm-blooded an1mals held or
research, teaching, or other activities supported by Fe
The grantee is expected to ensure that the guidelines d
Department of Health and Human Services (DHHS) Publicatfi
78-23, "Guide for the Care and Use of Laboratory Animal

(Coples are available from the Superintendent of Docume

and Budget
Ublished at
ollect

|

m 21 B. above
ficer named on
he 1ntended date
approva] from
otify the

to a nunber of
Those |
ghlighted below:

A

shall comp]y
Law 89- 544, as
the Secretary of
g to the] care,
used fo*
dera] awards.
escr1bedf1n
ion No. [NIH]
s," are fo]]owed
nts, Government

Printing Office, Washington, DC 20024, Stock No. 017~ 040-00427- 3)

Research Involving Recombinant DNA Modecules

Any grantee performing research involving recombinant DNA mo]ecu]es

agrees by acceptance of this grant to comply with the N
Institutes of Health "Guidelines for Research Involving
Molecules,” June 1983 (48 FR 24556) or such later revis|i
guidelines as may be published in the Federal Register.

‘and/or organisms and viruses containing recombinant DNA mo]ecu]es

ational |
Recomb1nant DNA
ion of those

]
!




23.

24.

25.

26.

Use of Human Subjects in Research, Development, and Rellated Activities

Any DOE grantee performing research, development, or related act1v1t1es
involving any use of human subjects must comply with DOE regu]at1ons
found at 10 CFR Part 74S "Protection of Human Subjects"| and any,
additional Provisions which may be included in the Special Terms and
Conditions of this grant. Such provisions are intended to safeguard
the rights and welfare of human subjects at risk of pdsswb]e phys1ca]
psychological, or social injury as a consequence of th€1r part1c1pat1on.

|
Nondiscriminat1on ‘

This grant is subject to the provisions of 10 CFR Part {1040
"Nondiscrimination in Federally Assisted Programs."

Public Access to Information

The Freedom of Information Act, as amended, and the DOE 1mp]ement1ng
regulations (10 CFR Part 1004) require the release by DOE of certawn
documents and records regarding grants upon written request by any
member of the public. The intended use of the information will not be
a criterion for release. These requirements apply to 1nformat1pn held
by DOE, and do not require grantees, their subgrantees, or their
contractors to permit public access to their records.

Records maintained by DOE with respect to grants are subject to the
provisions of the Privacy Act and the DOE implementing regu]at1ons (10
CFR Part 1008) if those records constitute a "system of records" as
defined in the Act and the regulations. Generally, records maintained
by grantees, their subgrantees, or their contractors are not subject to
these requirements.

Acknowledgement of Support

Publication of the results of this grant, subject to any app11cab1e
restrictions in 10 CFR 600.118 ("Patents, data, and copyrlghts”),
encouraged. Any article which is published shall 1nc]ude an
acknowledgement that the research was supported, in who]e or 1n part,

by a DOE grant (including the grant number), but that such support does
not constitute an endorsement by DOE of the views expressed in the
article.

Nationa] Security

It is not expected that activities under this grant will generate or
otherwise involve classified information (i.e., Restricted Data

. Formerly Restricted Data, National Security Informat1on).

However, if in the opinion of the grantee or DOE such *nvo]vemént

becomes expected prior to the closeout of the grant, the grantee or DOE
shall notify the other in writing immediately. If the grantee;be]1eves
any information developed or acquired may be classifiable, theigrantee




' }

shall not provide the potentially classifiable information to-anyone,
. including the DOE officials with whom the grantee normally communicates,

except the Director of Classification, and shall protqct such
information as if it were classified until notified by DOE that a
determination has been made that it does not require sjuch handling.
Correspondence which includes the specific information in question
shall be sent by registered mail to U.S. Department of Energy,thtn:
Director of Classification, DP-32, Washington, DC 20545. If the
information is determined to be classified the grantee may wish to
discontinue the project, in which case the grantee and DOE shajl
terminate the grant by mutual agreement. If the grant| is to be
terminated, all material deemed by DOE to be classified shall be
forwarded to DOE, in a manner specified by DOE, for pHoper
disposition. If the grantee and DOE wish to continue the grant, even
though classified information is involved, the grantee shall be
required to obtain both personnel and facility securitb c]earapces
through the Office of Safeguards and Security. Costs lassociated with
handling and protecting any such classified information shall be

negotiated at the time the determination to proceed is| made.
27. Liabilities and Losses
DOE assumes no ]iabi]ity with respect to any damages or loss arising
out of any activities undertaken with the financial support of this
grant. '
|
!
|
1
'i
|
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STATEMENT OF WORK
UNlUER?lTY OF ARIZONA

1. Ueing state-of-the-art <cample preparation) and &analytic
procedures, make forty K-Ar age dating lBnalyses {for
geologic samples from youno geclogic terrains| The camples
‘will be collected and submitted by recearchere funded under
other DOE geothermal proarame. When different phaceec of
one - cample, <cuch ac coexieting mice &nd |feldepar, are
dated, they will be concidered ac <ceparate |analysecs. For
each date. reported, include three analyces for <ceparate

sliquote for potacssium and analysec on thrlee aliquots of
argon from one fucsion.

2. Deliverables will include providing DOE |and DOE-funded
recesrchers with lettere containing analytic results from
each cample dated. 14 reculte are required urgently, they
will bte phoned to the approprizte recearcher. Frovide a
fine) report, which will include resulte of &1l dsamplec
deted and other pertinent data, csuch as |[geclogic unit
deted, <cample loczticn, and recearcher to |whom &nalytic
recults were delivered.

3. Frovide overall project management and complete r#port on
taeske in a8 timely manner. Manasgement reporte chall be
provided as defined by the attached DOE|form ElA 45%A,
Reporting Requiremente Checkliet, The original final report
for this grant will be due on the original|due date.

|




U.S. DEPARTMENT OF ENERGY

FEDERAL ASSISTANCE REPORTING CHECKLIST

FORM Eiaa59Aa

(10/80!

|

|
FORM APPROVED
OMB NO. 19000127

1. Identification Number:

DE-FG07-861D12622

2. Program/Project Title:
Geothermal Research

1

3. Recipient: .
University of Arizona

P
|

FEEIOC

FEELE

4. Reporting Requirements:
PROGRAM/PROJECT MANAGEMENT REPORTING

TECHNICAL INFORMATION REPORTING .

Federal Assistance Milestone Plan

Federal Assistance Budget Information Form
Federal Assistance Management Summary Report
Federa! Assistance Program/Project Status Report

Financial Status Report, OMB Form 269

Notice of Energy RD&D
Technical Progress Report
Topical Report

Final Technical Report

Frequency No. of‘ Copies Addrj'essees

j

|

Q 1,1,1 AB,C
Q 1,1,1 A,B,C
. |
Y,F 1,1 A,C |
|

Y 1,1 A,E :
|

A* 1,1,1 A,B,D
F* 1,1,1 A,B,D

-FREQUENCY CGDES AND DUE DATES:

- As Necessary; within 5 calendar days after events.

- One time atter project stans; within 30 days after award.

N<XODNDP

- Final; 90 calendar days after the performance of the effort ends.
- Quarterly; within 30 days after end of calendar quarter or portion thereof.

- Required with proposals or with the application or with significant planning changes.
- Yearly; 30 days after the end of program year. (Financia! Status Reports 90 days).
- Semiannually; within 30 days after end of program fiscal half year.

5. Special Instructions:

Topical Reports will include, letter reports containing analytic
results from each sample dated.

e e e memme e c e e

6. Prepared by: (Signature and Date)




REPORT DISTRIBUTION LIST

DE-FGO7-861D12622

U.S. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls, ID 83402

ATTN: Peggy Brookshier, Program Manager
Energy & Technology Division

ATTN: Ronald A. King
Contracts Management Division

ATTN: E. G, Jones, Director
Financial Management Division

University of Utah Research Institute
tEarth Science Laboratory
391 Chipeta Way, Suite A
Salt Lake City, UT 84108
ATTN: Duncan Foley

U.S. Department of Energy
Technical Information Center
P. 0. Box 62

0ak Ridge, TN 37830




OOk F 4600, “ D, WEFAN I O X J 7
7oen NOTICE OF FINANCIAL ASSISTANCE AWARD PR

(See Instructions on Reverse) , /)Za«i/ 3/’7’/37

Under the authority of Public Law 93-410 : snd
subject to legislation, regulations and policies applicable to (cite Iog:slotlve program title): '

Geothermal R&D Act of 1977

1. PROJECT TITLE 2. INSTRUMENT TYPE

K-AR Age Dating of Young Volcanic Rocks X GraNT (] cOOPERATIVE!AGREEMENT
4. INSTRUMENT NO. Is. AMENDMENT NoO.

3. RECIPIENT (Name, address, zip code, area code and telephone no.J DE-FG07-861D12622 1 MO0l A
University of Arizona : 6. BUDGET PERIOD 7. PROJECT PERIOD ( -
Department of Geoscience rrom: 2/1/87 tmru.1/31/88 |rrom2/1/86  mwru{ 3/31/88
Tucson, AZ 85721 10. TYPE OF AWARD

8. RECIPIENT PROJECT DIRECTOR (Name and telephone No.) O NEw | [ CONTINUATION ) RENEWAL
Dr. Paul E. Damon (602) 621-6024 XX ReviSION 01 SUPLEENT

9. RECIPIENT BUSINESS OFFICER (Name and telephone No.) f

12. ADMINISTERED FOR DOE BY|/Name, addres 2ip code, telephone No.)

Dr. Paul E. Damon (602) 621-6024 Ronald A. King (208) 526-0790
11. DOE PROJECT OF FICER (Name, address, zip code, telephone No.) U.S. Department of Energy
Peggy A.M. Brookshier (208) 526-1403 ldaho Operations Office :
U.S. DOE, Idaho Operations Office 785 DOE Place .
785 DOE Place, ldaho Falls, ID 83402 ldaho Falls. ID 83402 u
13. RECIPIENT TYPE ) '
I STATE GOV'T {_ INDIAN TRIBAL GOV'T  HOSPITAL O FOR PROFIT D INDIVIDUAL
ORGANIZATION ‘
0 LocaL Gov'T K3 INSTITUTION OF 3 OTHER NONPROFIT , JOTHER (Specityl
HIGHER EDUCATION ORGANIZATION Cc Op Osp |
14. ACCOUNTING AND APPROPRIATIONS DATA 15. EMPLC?YER 1.D. NUMBER/SSN
a. Appropriation Symbol b. B & R Number c. FT/IAFP/OC d. CFA Number
. _ . :
16. BUDGET AND FUNDING INFORMATION
a. CURRENT BUDGET PERIOD INFORMATION b, CUMULATIVE DOE OBLIGATIONS
{1) DOE Funds Obligated This Action s_ 0" (1) This Budget Period s "0
{2) DOE Funds Authorized for Carry Over $ 29, 999 [Tortal of lines a.(1) and a.(3)] 29 999
(3) DOE Funds Previousty Obligated in this Budget Period § Al {2} Prior Budget Periods 3 d
(4) DOE Shareof Total Approved Budget $ 29 ) g 9; . 29999
{5) Recipient Share of Total Approved Budget $_~v- 0- {3) Project Period to Date $ >
{6} Total Approved Budget 2 92 999 {Total of lines b. (1) and b. (2)]
17. TOTAL ESTIMATED COST OF PROJECT  § . 29 ,999
(This is the current estimated cost of the project. It is not & promise 10 award nor an authorization to expend funds in this amount.]
18. AWARD/AGREEMENT TERMS AND CONDITIONS . [
This award/agreement consists of this form plus the following:
a. Special terms and conditions (if grant} or schedule, general provisions, special provisions (if cooperative agreement)
b. Applicable program regulations (specify/ {Date!
c. DOE Assistance Regulations, 10 CFR Part-600, as amended, Subparts A and d B {Grants) or ' C (Cooperative Agreements).
. 29/87 — . - ‘
d. Applicationiproposal dated 1/ / , L} as submitted X! with changes as negotiated
19. REMARKS

This document extends the project budget peh’ods to 1/31/8% due to excusable delay at no
fault of the grantee 9 ~

20. EVIDENCE OF RECIPIENT ACCEPTANCE 21. AWARDED BY
Doy < 0be  3/9/87
{Signature o7 Authorized Recipient Official) (Date} {Signature} ’ ’ {Date)
William C. Drake
{Name) , {Namej
Contracting Officer
{Title) ‘ (Titte)




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721 ; | \‘Z)LD
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DEPARTMENT OF GEOSCIENCES /5

LABORATORY OF ISOTOPE GEOCHEMISTRY
TEL. (602) 621-6014

- S ) }&/’Q ;/i’L . @;_ gé‘w
4,\\\ )

.

November 14, 1985

Mr. Ronald A. King
Department of Energy

785 D.O.E. Place

Idaho Falls, Idaho 83402

Dear Mr. King:

Enclosed 1is the budget for our proposal qntitled "K-Ar

- pating of volcanic Rocks." We have an agreement with the
University of Arizona Comptroller's office to negotiate proposals
involving primarily analytical work, without University overhead
charges, providing individual payments are less than $5,000 per
billing with secretarial and accounting being |done by this
laboratory. Our accounts of course, are audited by |accountants in
both the Department of Geosciences and office of the Comptroller.

Checks should’ be made out to the ﬁnivérsipy of Arizona
(Department of Geosciences) and sent to Mr. David Bottomley at
this laboratory. ‘

I hope this is satisfactory. We are anxious {to begin the
work. : '

Sincerely,

Paul E. Damon
Professor and Chief
Scientist of the Laboratory
of Isotope Geochemistry

cc.A.Long »
M. Shafiqullah




'SEE INSTRUCTIONS ON o
‘nevehseggrone SUMMARY

COMPLETING) PROPOSAL BUDGET _ TOE
ORGANIZATION PROPOSAL NO, DURATION (MONTHS)
University of Arizona, Tucson, Arizona 85721 " [ Proposed | Granted
I PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR AWARD NO
Paul E. Damon A '
. P - FUNDS FUNDS
A it eon saparataly with ttler A6, tnow numist in bracketsl o _DOE__ Ll neadesten oy |ananteosy |
1. Dr. Paul E. Damon 1 $ 5,310 $
2. Dr. Muhammad Shafiqullah 3 9,000
3.
e (
5 ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE) l
6. { ) TOTAL SENIOR PERSONNEL {1-5) {
8. OTHER PERSONNEL (SHOW NUMBE RS IN BRACKETS) i
1. { ) POST DOCTORAL ASSOCIATES {
2. (2 Y OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 7 12 .600. :
3. ( 1 ) GRrADUATE STUDENTS 560 hrs, @ $5.00 per hr 2,800
a. { 1 ) uNDERGRADUATE STUDENTS 530 hrs @ $4.00 per hr 2,120 :
s. ( 1 ) SECRETARIAL-CLERICAL 160 hrs @ $6.25 per hr 1.000' |
6. (1 1rorner Electrical technician ‘80 hrs @ 8.25 per hr 660 . U
TOTAL SALARIES AND WAGES (A+B) 33,490
C. FRINGE BENEFITS (fF CHARGED AS DIRECT COSTS) A ~ 44% : 3,140
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+8+4C) : 36,630
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $1,000;
ITEMS OVER $10,000 REQUIRE CERTIFICATION) :
TOTAL PERMANENT EQUIPMENT
E. TRAVEL 1. DOMESTIC (INCL. CANADA AND U.S. POSSESSIONS)
2. FOREIGN
F. PARTICIPANT SUPPORT COSTS
* 1. STIPENDS S .
2. TRaver T P A . - ) .
3. SUBSISTENCE . hd -
4. OTHER
YOTAL PARTICIPANT COSTS
G. OTHER DIRECT COSTS .
1. MATERIALS AND SUPPLIES 3,100
2. PUBLICATION COSTS/PAGE CHARGES
3. CONSULTANT SERVICES -
4. COMPUTER (ADPE) SERVICES X
S. SUBCONTRACTS \
6. OTHER Communications 270 m
YOTAL OTHER DIRECT COSTS AY \J,
H. TOTAL DIRECT COSTS (A THROUGH G) 40,000 ANV
I INDIRECT CosTs (SPECIFY)  none, providing expend1tures do not exceed o \
$5,000 per month and paper work is hand]ed by Laboratory of Isotope
TOTAL INDIRECT cosTs  Geochemistry ‘
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) . 40,000
K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS GPM 252 AND 253) N
L. AMOUNT OF THIS REQUEST (J} OR (4 MINUS K) s 40,000 /) I
PI/PD TYPED NAME & SIGNATURE® TR DATE \ .~
Paul E. Damon=—_ & = £ > INDIRECT COST RATE VERIFICATION
&sre?ev TYPED NA IGNATURE® DATE Dste Checke Date of Rate Sheet |Initials - DGC
Scientist/Laboratory of Isotope Geoched 4 ‘ A

‘SlGNATURE(; REOUIRED“ONLY FOR REVISED
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JUSTIFICATION FOR OTHER THAN FULL
AND OPEN COMPETITION

University of Arizona

K-AR Dating of Volcanic Rocks

I have reviewed the Justification for Other Than Full and Open Competition
and DOE Order 4200 1B. This research proposal represents a unique and
innovative concept that is not otherwise available to DOE and| does not

resemble the substance of a pending competitive procurement.

Project Manage

dy A. M. Brookshier

Contracting -Officer

William C. Drake




- U.S. DEPARTMENT OF ENERGY

DOE F 4220.2 (6-80) (Formerly PR—415)

SMALL BUSINESS/LABOR SURPLUS SET-ASIDE REVIEW

.D. NO.

ITEM TITLE/DESCRIPTION

\\ L\-\C-\\ﬁ"\

\; < \(_(,_(\ N
\J ANV oy Qt\"\ Eﬁrt\(;;,

SMALL BUSINESS SIZE STANDARD
RECOMMENDED BY S.8. SPECIALIST

PROGRAM OFFICE: "\ -ceose\ QKLZ\-\\\CLQG\\/

O Labor Surplus Set-Aside % $
0O SBA Section 8(a) Procurement
KSet—Aside Action Not Recommended

SB/LS PARTICIPATION WAS_CONS'DERED iN THE PREPARATION OF
THIS PROCUREMENT ITEM AND FOLLOWING IS RECOMMENDED:
0O Small Business Set-Aside % $

EMPLOYEES NUMBER

DOLLAR |$

SIC CODE:

PROCURING ACTIVITY: | C_m o) u&_\{)
NAME AND| LOCATION OF PROPOSED
SOURCE: (IIf Sole Source)
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UNIVERSITY OF UTAH RESEARCH INSTITUTE

2y i N

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C

SALT LAKE CITY, UTAH 84108—1295

TELEPHONE 801-524-3422

MEMORANDUM

TO: Pegdy Brookshier .
FROM: Duncan Foley
RE: University of Arizona

I have enclosed my evaluation of the prop
date young volcanic rocks by the University of Ar
not received resumes for either Paul Damon or M.
my comments on their abilities are based on my co
a U.5. Geological Survey geachronologist. This d
who has workKed in K-Ar dating for over a decade,

prices were reasonable.

I have not enclosed the generic boilerpla
like me to send it, I would be happy to do so. P
you have any questions.

Sept: 24, 1985

osed program to
izona. , I have
Shafiqullah, so
nversations with
eochroriologist,
felt that the

te; if Yyou would
lease call if




TECHNICAL EVALUATION OF GRANT PROPOSA

TITLE: K-Ar dating of volcanic rocks
SUBMITTED TO: DOE/ID (via H®

SUBMITTED BY: Dr. Paul Damon
Laboratory of lsotope Geochemlstry
Department of Geosciences
University of Arizona
Tuceson, AZ 85721
602-621-46014

AMOUNT REQUESTED: 30,000
AMOUNT SUGGESTED: ¢30,000

PROPOSED DURATION: one year

PROJECT DESCRIPTION: Provide support to ongoing DOE
Geothermal Technology efforts by doing 48 K-Ar dates
volcanic rocks., The samples will be submitted by ot
DOE-funded researchers, who are workKing. primarily in
high—-temperature geothermal systems.
Geochemistry will be responsible for performing the
and reporting the data. The other researchers will
responsible for interpretation of the results and in
into their geothermal studies.

GENERAL REMARKS:

1. Work Statement: Adequate as rephrased from the "F
Research" section of the proposal.

2. Task Changes: None required.

3. Cost Information: A flat rate of $758 will be cha

sample.
SPECIFIC REMARKS

1. Manhours: Included in flat rate.

L

L]
I

Diuisi@n of
of young
her

The Laboratory of Isotope

K-Ar analyses
be
tegration

roposed

!

rged fof each

2. Materials: Included in flat rate.
3. Subcontracts: None.

4. Travel and Per Diem: None.

5. Other Direct Costs: None.




é. Proposers Capability to Meet the Objectives: The laboratory
has a good reputation in dating very young rocks; they should be
able to date all rocks submitted, if they can be dated at,all.

l

7. Key Personnel Qualifications: Dr. Damon will be P.I., and will
oversee the operation of the laboratory. M. Sha{iqullah,‘
Co-P.1., will probably be performing the actual analyses. lThey
both have many publications in K-Ar dating in refereed Journals,
some of which have been written with researchers currentlyqfunded
by DOE.

8. Anticipated Objectives and Probability of Success: The %ask of
obtaining dates will be a relatively straightforward laboratory
effort, with appropriate adiustments for the sample handl|ng
procedures for very young rocks. This effort stands a very high
chance of success. Some of the rocks submitted by other
researchers may, for a variety of reasons, be analytically:
undatable. Therefore, the success of the program, defined!as
obtaining 48 good dates, is dependant on the qualit§ of samples
submitted by outside researchers. Overall, the program stgnds E
very high probability of success. o




1.

SUGGESTED STATEMENT OF WORK r
UNIVERSITY OF ARIZONA !

Using state—of-the—art sample preparation and analytic
procedures, makKe forty K-Ar age dating lanalyse's for
geoclogic samples from young geologic terrains. The'%amples
will be collected and submitted by researchers funde% under
other DOE geothermal programs. When different phaFes of
ocne sample, such as coexisting mica and feldspa{, are
dated, they will be considered as separate analyseﬁ. For
each date reported, include three analyses| for sgparate
aliquots for potassium and analyses on three aliquots of
argon from one fusion.

Deliverables will include providing DOE and DOE%funded
researchers with letters containing ana]ytiﬁ results from
each sample dated. I+ results are required urgently; they
will be phoned to the appropriate researcher. Provide a
final report, which will include results of| all samples
dated and other pertinent data, such as geologic wunit
dated, sample 1location, and researcher to whom analytic
results were delivered. i

Provide overall project management and complete report on
tasks in a timely manner. Management reports shall be
provided as defined by the attached DOE. form EIA 45%A,
Reporting Requirements Checklist. The original final ireport
for this grant will be due on the original due date The
reports required are also summarized as follows: '
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T0:

CE-324

FY 1985 OPERATING EXPENSES FOR

Idaho Operations Office
Idaho Falls, ID

/ ///-
U S. DEPARTMENT OF ENERGY"”‘ ’

memmrandum

‘ Progsam Letter 9
Idaho Operations Office

)

Fred Glatstein, |
Budget and Fiscal Hanagement Div.
Conservation and Renewable Energy

This letter authorizes an increase of § 72,000 in B/A

and $ 72,000 in B/O for Idaho Operations Office

 These funds are budgeted under the budget and reporting classification

AM-10

of these funds.

cc: DGHT Program Manager .
M. Reed

« Attachment I of this letter provides guidance for the uael

Acting Director
Office of Renewable Technology
Conservation and Renewable Energy




ATTAGHMENT I | Page 2 of 2
Operating Expenses : Program| Letter ' 9
I
1daho Operations Office {
. ($000) i i
B & R Classification FY 1985 Increment ”
B/A I _BJ/O
AM-10-15-10 $ 72 . | $72

Program Guidance : \

Geothermal Reservoir Technology Program !

FY 1985 Budget Authority and FY 1985 Cost Authority in the amount of*$30,000
each is provided to fund the project, Potassium-Argon Dating of Young!Volcanic
Rocks, in the-attached unsolicited proposal from University of Arlzona The
objective of this project is to extend the dating techn1que§ to very young
volcanic rocks in active geothermal areas. This will provide valuab]e
information for understanding the formation and lifetime of geothermal
systems. |

X [

Geothermal Reservoir Technb]ogy Program : {

FY 1985 Budget Authority and FY 1985 Cost Authority in the amount of|$42 000
each is prov1ded as incremental funding for the project, Geothermal Map of the
United States, in the attached unsolicited proposal from Southern Methodist
University. The objective of this project is the compilation of all the heat
flow and thermal gradient data collected under DOE funded geomhermal prOJects
and the preparation of a geothermal map of the U. S. Th1s‘map is to be
published by the Geological Society of America. This progect is tOfWOPk
closely with heat flow projects funded by the State Cooperat1ve Geothermal
Resource Definition Program. Ownership of the IBM-PC computer needed for this
project is to be transferred to Southern Methodist University for its! use in
future geothermal projects.

Program Manager

M. Reed -




FRRAD

THE UNIVERSITY OF ARIZONA

TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES

- LABORATORY OF I1SOTOPE GEOCHEMISTRY :
TEL. (602) 621-6014

1

. 13 Marchi 1985
Dr. Marshall Reed

Geothermal and Hydropower Technologies Division {
U.S. Department of Energy, C.E. 324 i
Washington, D.C., 20585 i
[

|
Dear Dr. Reed: !
Thank you for the information that I requestied in

to submit a proposal to the National
Three copies

pleased to

SRR

order

Geothermajl .Proﬂram.
of our proposal are enclosed. We| would| be

have the oppotunity to use our expertise and

experience in K~Ar dating of young volcanic rocks|to further
the goals of this important program.

Sincerely,

et o

L

Paul E. Damon

— e e e e, '\
)
i
Q

Professor and Chilef
Scientist of the| Laboratory
of Isotope Geochemistry




UNSOLICATED PROPOSAL
FOR
K~-AR DATING OF VOLCANIC ROCKS
from the Pacific Northwest; Cerro Prieta Area; Baja

California, Mexico; Los Azufres Area; Michoacan, Mexico; and
other Areas of Interest to the National Geothermal Program

Submitted by:

Paul E. Damon, Principal Investigator
Muhammad Shafiqullah, Co-Principal Investigator

To:

Geothermal and Hydropower Technologies Division,
United States Department of Energy




A. Experience in Dating Volcanic Rocks Younger Than 0.5

Million Years

The potassium-argon method determines absolute age by
measuring the amount of radiocoactive potassium-40 and the
amount of radiogenic argon-40 in a sample. Potassium-argon
dating of geologically young samples, particularly late
Pleistocene ' volcanic rocks of 1low potassium content,
requires meticulous attention to detail because of the large
amount of atmospheric argon-40 with a half life of about
1.25 billion years. The amount of radiogenic argon produced
in a few hundred thousand years is wminute, especially 1in
rocks containing less than 1% potassium, Problems of this
low signal to noise ratio are compounded by extraneous argon
inherited from phenocrysts which did not completely degas on
eruption or may have been trapped in chilled =zones within
the flow.

Atmospheric argon absorbed i1into the 1lava following
eruption constitutes the major portion of argon~40 found in
geologically young samples. It can exceed radiogenic argon
by ¢two orders of magnitude in samples less than 100,000
years old. Air argon is "tagged” by its argon-36 content
and the "air correction” is made by multiplying the amount
of argon-36 by the "air ratio” and subtracting this from the
total measured argon-40 to leave the radiogenic argon-40.
When atmospheric argon constitutes more than 952 of the
total, confidence 1in the calculation is decreased and the
reported experimental error grows to sometimes equal or
exceeds the age. Since this atmospheric "noise™ is highly
variable from place to place within a given flow, the quali-
ty of the ages from samples collected from different places
in the same flow will vary. '

Experience gained by this laboratory over 23 years of
dating whole rock samples less than } million years old has
allowed wus to progressively reduce the age of the “"youngest
datable sample”. It is gratifying to note that improvements
made by this 1laboratory are being used by other
investigators to extend their capabilities.

A 1list of publications involving K-Ar dating work in
this laboratory is presented in Appendix 1. |

B. Laboratory Procedures

i

1. Sample Preparation !

Basalt should be collected from the massive centers of
lava flows by dismembering large rocks and collecting
the unweathered center material. The chunks are reduced
to 2 cm in a large jaw crusher and hand picked to remove
discolored material and large phenocrysts. These
fragments are reduced to 3mm in a roller crusher, passed
through a flat-plate grinder and sieved Eo collect the
-100+150 fraction. This fraction is washed to remove

dust.




Heavy liquid of specific gravity 2.52 floats off glass,
altered mineral grains and chance organic contaminants.
Heavy l1liquid of 2.95 s.g. allows iron filings from the
grinders, olivine, pyroxene, spinel anj other potassium-
poor minerals to sink thereby leaving sand-sized con-
centrate of plagioclase and plagioclade—rich composite
grains for further analysis. Pure plagioclase, which
might be phenocryst fragments carrying excess or 1inher-
ited argon, 1is removed by passage through a Frantz
isodynamic seperator. This sample is finally leached in
5% HF for 10 minutes to remove the last of the adhering
glass, clay and carbonate and then resieved to remove
the finer grains. This culled groundmass now devoid of
most problem causing constituents is the ©plagioclase
concentrate that we date.

Felsic volcanic rock samples are collected from unwea-

thered rock containing K-feldspars with good crystal
face reflections. Biotite 1s sometimes used but may
contain significant amounts of excess argon. Sample
preparation 1s similar except that the heavy liquid s.g.
is adjusted to discriminate against plagioclase if it 1is
sufficiently calcic and the Frantz isodynamic separator
is used to obtain a pure feldspar concentrate. The high
potassium content and low affinity for excess argon
makes sganidine a very useful mineral for dating late
Pleistocene volcanic rocks. In general, any mineral
phase 1in which potassium is a major component, can be
used for K-Ar dating. If a problem of excess argon is
suspected, two different wminerals can be analyzed to
evaluate the magnitude of the excess. The second miner-
al should <contain a much lower potassium conteant and
consequently the apparent age will be much more sensi-
tive to excess argon.

2. Potassium Analysis

The dried sample is split and one part pulverized to -
300 mesh for potassium analysis., Four subsamples of this
part are weighed into teflon crucibles and taken into
solution in HF and H,SO,. The resulting solutions are
buffered with NaCl"to supress ionization of the K and
brought to standard volume. Potassium content of the
sample solutions 1s compared to solutions of prepared
potassium concentration for a minimum of 6 spot determi-

nations. Each analytical run includes a rock standard,
either our own laboratory standards or one of the inter-
national standards. The results are rejected if the

internal statistical errors exceed 1.5% or the standard
K content differs from its accepted value by more than
2%, Our preparation and analytical techniques have
changed little in the past few years, except for inclu-
sion of the rock standard in each analyEical run which
gives control of the accuracy of the results.




3. Argon Analysis

Argon 1s determined on the gas evolved when 10-30 gms of
the sample 1is fused in a vacuum. The -100+150 mesh
concentrate 18 weighed into molybdenum crucibles which
are suspended in 9 cm fusion envelopes., A batch of 4 is
mounted each week and the system baked out at 270°C for
20 hours to remove absorbed argon. One sample per day
is fused by induction heating using a RF generator. The
system 18 baked again overnight to eliminate the memory
effect from the previous sample.

A precisely measured “spike”™ of argon-38 is 1introduced
into the system during fusion. The spike-gas mixture is
cleaned of water and other reactive components in syn-
thetic zeolite molecular sieves, a copper oxide furnace
and two titanium foil furnaces. What little reactive
components remain are removed by a Sorbac appendage pump
prior to argon analysis. The gas is split into three or
more aliquots and the isotopic composition is measured
in the static mode of a Nier-design 6-inch radius, 60°
sector, gas—source mass spectrometer. A OSI 6502 micro
computer changes the magnetic field to focus each 1fon
beam, in turn, on a Faraday collector and then measures
the voltages generated. Background is measured on both
sides of each peak. Seven cycles from mass 36 to 38 to
40 and Dback constitute a run. Measurements are time
regressed to T=0, the time the gas was introduced, using
cubic, parabolic, and linear, least squares regression
routines on each peak voltage and their ratlos. Each
reported argon value is the mean of 6 methods of calcu-
lation. If the analyses on the different gas aliquots
do not agree within statistical limits, another fusion
i1s carried out.

Precision of argon determinations has been determined
to be within 1.5% reproduceability. The air ratio of
argon—-40 to argon-36 1in the atmosphere 1s measured
periodically and two argon standards are regularly
analysed to monitor the precision of Fhe system and
technique. i

4. Analyses by the Laboratory on Volcakic Rocks Less
Than 500,000 Years 01d

Analytical data on fifty volcanic rocks younger than
500,000 years that have been dated in this laboratory
are given 1in Table 1. We have been able ¢to obtain
meaningful results consistent with the stratigraphy to
latest Pleistocene time. Under favorable conditions
meaningful results can be obtained for Haolocene samples.
For example, We were able to confirm that a giialt
sample (UAKA—82-64) that contained less than 1x10 n/g
of radiogenic Ar was Holocene in age. We have made
continuing efforts to improve the accuracy of our argon
analyses. As a consequence, recent results should be
more accurate than earlier results.

-




C. Proposed Research

We propose to make forty analyses for| samples from the
Cascade Mountains of the Pacific Northwest, Cerro Prieta
area of Baja California, Mexico, Los Azufres area of Michoa-
can, Mexico and other geothermal areas of interest to the
National Geothermal Program. When different phases of one
sample, such as coexisting mica and feld-spar are dated,
for reporting purposes they will be considered as different

analyses. We will report three analyses on separate ali-
quots for potasslum and analyses on three aliquots of argon
from one fusion for each sample. In case results are re-

quired urgently, data will be reported by telephone.
D. Duration of Proposed Research

The duration of the proposed research is expected to be
one year, starting at the earliest practical date with the
possibility of extension if field collections are not com-
plete.

E. Billings

Analytical data along with billings will be forwarded,
as the work progresses, 1in batches of four to six samples.
Thus, any bill will not exceed $4500.00. Checks for the
completed work should be made payable to: The University of
Arizona (Department of Geosclences) and mailed to the Labor-
atory of Isotope Geochemistry, Department of Geosciences,
University of Arizona, Tucson, Arizona, 85721. Attn: Mrs.
Maureen Mackey.

F. Budget

Geologically young samples are quite difficult ¢to
analyze aund require great care in preparation. The added
costs raise our price to $750.00 per sample. This includes
all technical services except transportation and 1living
expenses should field consultation be required. Laboratory

overhead 18 1included and University overhead 1s waived
providing individual billings for analyses are 1less than
$5000.00 and all negotiations are handled through The
Laboratory of Isotope Geochemistry, University of Arizona.
Our accounts are reviewed by ©both the Department of
Geosciences and The University of Arizona accountants.
Forty analyses at $750.00 per analyis: §$30,000.




Table 1: K-Ar Dates for Fifty Volcanic Rocks
Less Than 500,000 Years 01d

RadiogenlizhoAr % Atmospheric K-Ar Date o
Sample No.* Z K x 10 m/g Argon-40 m.y m.y.
UAKA 73-113 2.70 2.31 80.1 0.493 0.060
UAKRA 77-06 1.054 0.888 94.6 0.486 0.110
UAKA 82-184 1.480 1.247 79.9 0.486 0.029
UAKA 80-04 1.310 1.090 84.4 0.480 0.030
UAKA 77-44 1.227 1.010 80.7 0.475 0.029
UAKA 74-140 2.328 1.910 87.4 0.473 0.055
UAKA 76-121 0.693 0.558 95.8 0.465 0.065
UAKA 75-14 1.017 0.820 89.2 0.465 0.054
UAKA 74-141 1.488 1.12 83.8 0.434 0.031
UAKA 74-34 0.955 0.715 82.8 0.432 0.029
UAKA 79-116 0.935 0.702 94.1 0.430 0.060
" UAKA 77-07 1.605 1.17 '88.3 0.420 0.059
UAKA 75-121 1.93 1.36 96.6 0.406 0.155
UAKA 74-143 2.12 1.48 84.8 0.404 0.031
UAKA 77-43 0.794 0.509 94.3 0.370 0.040
UAKA 84-136 0.992 0.628 81.0 0.365 0.021
UAKA 84-252 0.584 0.363 91.4 0.359 0.050

UAKA 84-169 7.017 4.33 93.4 0.356— -0061




Table 1:

Sample No.,*

UAKA
UAKA
UAKA
UAKA
UAKA
UAKA
UAKA
UAKA
UAKA
UAKA
PED

UAKA
UAKA
UAKA
UAKA
UAKA
UAKA

UAKA

75-11
79-181
75-17
77-13
82-195
75-9
84-66
84=65
71-8
75-8
14-70
84-253
74-261
79-100
84-135
84-119
79-131

84-118

continued

Radiogen
x 10 }E
0.29]

0.687

1.244
0.825
0.376
0.539
2.315
0.359

2.238

40
m/g

Ar

X2 Atmospheric
Argon~40
92.4
95.5
97.4
96.1
95.0
95.7
86.6
87.6
93.3
94.4
91.1
75.7
87.5
94.6
93.9
97.5
92.9

96.7

K~Ar Date
m.y.
0.341
0.340
0.336
0.330
0.308
0.281
0.274
0.268
0.245
0.221
0.218
0.211
0.209
0.199
0.191
0.187
0.183

0.180

MeVe

0.065
0.070
0.169
0.087
0.070
0.082
0.020
0.031
0.037
0.050
0.021
0.013
0.019
0.050
0.038
0.063
05030

0.050




Table 1: continued

Sample No.*

UAKA 75-16
UAKA 75-15
UAKA 84-137
UAKA 75-20
UAKA 75-81
UAKA 74-26a

UAKA 83-47

UAKA 84-63
UAKA 84-259

UAKA 84~64

2.408

1.224

2.136

0.808

Radiogeg}g 4
x 10 m/
0.73
0.370
0.635
0.204
0.197
0.250
0.107
0.087
0.073
0.210
0.190
0.086
0.088

0.0097

OAr

g

%Z Atmospheric
Argon-40

94.2
97.8
88.3
95.9
95.0
96.2
96.4
96.7
98.8
95.6
98.9
96.5
97.5

99.9

K-Ar Date
m.y.

0.175
0.174
0.171
0.146
0.145
0.120
0.086
0.078
0.056
0.055
0.051
0.036
0.015

0.005

0.038
0.061
0.016
0.028
0.038
0.038
0.022
0.018
0.025
0.014
0.046
0.012

0.019




40

Table 1: continued

* first two digits in sample number is the year received in the laboratory
last three digits are the order of receipt during the year

*k gt 2 0 confidence level

Constants used:

A, = 4.963 x 10—.10 yr-1

0.581 x 10"10 yr“1

A = 5.564 x 10710 yr!

1.167 x 10-4 atom/atom

>
]

K/K




APPENDIX I

LIST OF PUBLICATIONS RELATED TO THE USE OF EXISTING GAS
SOURCE MASS SPECTROMETERS AT THE LABORATORY OF ISOTOPE

GEOCHEMISTRY, UNIVERSITY OF ARIZONA, TUC&ON, ARIZONA.
(Includes only papers coauthored by Lab researchers).

1961

Damon, P. E., and Giletti, 1961, The ages of the basement rocks
of the Colorado Plateau and adjacent areas: Annals of the
New York Academy of Science, v. 91, p. 443-453.

1962

Damon, P. E., Livingston, D. E., and Erickson, R. C., 1962,
New K-Ar dates for the Precambrian of Pinal, Gila, Yavapai
and Coconino Counties Arizona: Mogollon Rim Region
Guidebook, 13th Field Conference, New Mexico Geological
Society, p. 56-57.

Damon, P. E., Livingston, D. E., Mauger, R. L., Giletti, B.
J., and Pantoja Alor, J., 1962, Edad del Precambrico
"Anterior” y de obtras rocas del Zocalo de 1la region de
Caborca-Altar de la pate Noroccidental del Estado de Sonora,
in: Estudios Geocronologicos de Rocas Mexicanas, Fries, C.,
Jr. ed., Instituto de Geologia, Mexico, Boletin 64, parte
2, p. 11-44,

De Cserna, Z., Schmitter, E.,, Damon, P. E., Livingstomn, D. E.,
and Kulp, J. L., 1962, Edades 1isotopicas de rocas
metamorficas del centro y sur de Guerrero y de una monzonita
cuarcifera del norte de Sinaloa, in: Estudios
Geocronologicos de Rocas Mexicanas, Fries, €., Jr., ed.,
Instituto de Geologlia, Mexico, Boletin 64, parte 5, p.
71-84. ;

Fries, C., Jr., Schmitter, E., Damon, P. E., and%Livingston, D.
E., 1962, Rocos Precambricas de edad Grknvilliana de 1la

parte Central de Oaxaca en el Sur de Mexico, in: Estudios
Geocronologicos de Rocas Mexicanas, Fries, C., Jr., ed.,:
Instituto de Geologia, Mexico: Boletin 64 parte 3, p.
45-53.

Fries, C., Jr., Schwmitter, E., Damon, P. E., Livingston, D. E.,
and Erickson, R. C., 1962, Edad de las rocas metamoficas en
los canones de la Peregrina y de Caballeros, parte
Centro-Occidental de Tamaulipas, n: Estudios
Geocronologicos de Rocas Mexicanas, Fries, (C., Jr., ed.,
Instituto de Geologia, Mexico, Boletin 4, parte 4, p.
55-69.

1963 \

Bikerman, M., 1963, Origin of the Cat Mountain Rhyolite: Afizona
Geological Society Digest, v. 6, p. 83-89.




Damon, P. E., Erickson, R. C., and Livingston, D. E., 1963,
K-Ar dating of basin and range uplift, Catalina Mountains,
Arizona: Nuclear Geophysics, Woods Hole Conference on
Nuclear Geophysics, National Academy of Sclences/National
Research Council, no. 1975, p. 113-121.

1964

Damon, P. E., 1964, The present status and future possibilities
of geochemistry as applied to paleoecological research, in:
The Reconstruction of Past Environments, assembled by J. J.
Hester and J. Schoenwetter, Fort Burgwin Research Center,
New Mexico p. 77-82.

Damon, P. E., and Bikerman, M., 1964, Potassium-argon dating of
post-Laramide plutonic and volcanic rocks within the Basin
and Range Province of southeastern Arizona and adjacent
areas: Arizona Geological Society Digest, v. VII, p.
63-78.

Damon, P. E,, Mauger, R, L., and Bikerman, M., 1964, K-Ar
dating of Laramide plutonic and volcanic rocks within the
Basin and Range province of Arizona and Sonora: 12th
International Geological Congress, India, Part III,
Proceedings of Section 3, p. 45-55.

1965

Damon, P. E., 1965, Pleistocene time scales: Science, v. 148,
p. 1037.

Mauger, R. L., Damon, P. E., and Giletti, B. J., 1965,
Isotoplic dating of Arizona ore deposits: Transactions of
Society of Mining Engineers, v. 232, p. 81-87.

1966

Bikerman, M., and Damon, P. E., 1966, K-Ar chronology of the
Tucson Mountans, Pima County, Arizona: Geological Society
of America Bulletin, v. 77, p. 1225-1234.

Damon, P. E., and Mauger, R. L., 1966, Epeirogeny-orogeny
viewed from the Basis and Range province: Transactions of
Society of Mining Engineers, v. 235, p. 99-112.

1967

Bikerman, M., 1967, Isotopic studies in the Roskruge Mountains,
Pima County, Arizona: Geological Society of America
Bulletin. Ve 78, po 1029-1036. '

Damon, P. E., 1967, Potassium—-argon dating of igneous and
metamorphic rocks with applications to the Basin Ranges of
Arizona and Sonora, in: Radiometric Dating for Geologist,
Hamilton, E. I., and Farquhar, R. M,, eds., Interscience
Publishers: London: J. Wiley and Sons, p. | 1-71.




Damon, P. E., 1967, Review of “Potassium ‘Argon Dating”:
Schaeffer, O. A., and Zzahringer, J., eds., Transactions
American Geophysical Union, v. 48, p. 274-276.

Damon, P. E., Laughlin, A. W., aund Percious, J. K., 1967,

Problens of excess argon-40 in volcanic rocks, 1in:
Proceedings, International Atomic Energy Agency, Vienna, p.
463-481.

Livingston, D. E., Damon, P. E., Mauger, R. L., Bennett, R.,
and Laughlin, A, We, 1967, Argon 40 1in cogenetic
feldspar-mica mineral assemblages: Journal of Geophysical
Research, v. 72, p. 1361-1375,

1968

Bikerman, M., 1968, The geology of the Roskruge Mountains: A

brief summary: Southern Arizona Guidebook III, Arizona
Geological Society, p. 183-192,

Damon, P. E., 1968, Application of the potassium—-argon method to
the dating of igneous and metamorphic rock within the basin
and ranges of the southwest: Southern Arizona Guidebook
IIT, Arizona Geological Socilety, p. 7-20.

Damon, P. E., 1968, Radiloactive dating of Quaternary tephra, in:
Means of <correlation of quaternary successions, v. 8,
Proceedings, VII Congress of the 1International Association
for Quaternary Research, University of Utah Press, p.

195-206.

Erickson, R. C., 1968, Geology and geochronology of the Dos
Cabezas Mountains, Cochise County, Arizona: Arizona
Geological Society Guidebook III, p. 193-198.

Laughlin, A. W., 1968, Excess radiogenic argon 1in pegmatite
minerals: Journal of Geophysical Research, v. 74, no. 27,
p. 6684-6689.

Laughlin, A. W,., Damon, P. E., and Watson, B, N., 1968,
Potassium-argon dates from Toquepala and Michiquillay, Peru:
Economic Geology, v. 63, p. 166-168.

Livingston, D. E., and Damon, P. E., 1968, The ages of
stratified Precambrian rock sequences in central Arizona and
northern Sonora: Canadian Journal of Earth $ciences, v. 5,
p. 1763-772.

Livingston, D, E., Mauger, R. L., and Damon, P. E., 1968,
Geochronology of the emplacement, earichment, and
preservation of Arizona porphyry copper deposits: Economic
Geology, v. 63, p. 30-36.

Marjaniemi, D., 1968, Tertiary volcanism 1in the northern
Chiricahua Mountains, Cochise County, Arizona: Arizona
Geological Society, Guidebook III, p. 208-214.




Mauger, R. L., Damon, P. E., and Livingston, D. E., 1968,
Cenozoic argon ages on metamorphic rocks from the Basin and
Range Province: American Journal of Science, v. 226, p.
579-589.

McKee, E. D., Hamblin, W. K., and Damon, P. [E., 1968, K-Ar age
of Lava Dam in Grand Canyon: Geological Society of America
Bulletin, Ve 79, p' 133-1360

Percious, J. K., 1968, Geology and geochronology of the Del Bac

Hills, Pima County, Arizona: Arizona Geological Society,
Guidebook III, p. 199-207.

Pushkar, P., 1968, Strontium isotope ratios inm volcanic rocks of
Three Island Arc areas: Journal of Geophysical Research, v.
73, po 2701-27140

1969

Laughlin, A. W., 1969, Excess radliogenic argon 1in pegmatite
minerals: Journal of Geophysical Research, v. 74, p.
6684-6690.

Laughlin, A. W., Lovering, T. S., and Mauger, R. VL., 1969, Age
of some Tertiary igneous rocks from the ©East Tintic
district, Utah: Economic Geology, v. 64, p. 915-922,

Laughlin, A, W., Rehrig, W. A., and Mauger, R. L., 1969, X-Ar
chronology and sulfur and strontium isotope ratios at the

Questa Mine, New Mexico: Economic Geology, v. 64, p-.
903-909.

1970

Damon, P. E., 1970, A theory of “"real” K-Ar clocks: Eclogae
Geologicae Helvetiae, v. 63, p. 69-76.

1971

Damon, P. E., 1971, The relationship between late Cenozoic
volcanism and tectonism and orogenic-epeirogenic
periodicity, in Turekian, K. K., ed., Conference on the
Late Cenozoic Glacial Ages, New York, John Wiley, p. 15-35.

1972

Watkinson, D. H., Thurston, P., and Shafiqullah, M., 1972, The
Shawmere anorthosite of Archean Age in the Pakuskasing Belt,
Ontario: The Journal of Geology, v. 80, p. 736-739.

1973

Elston, W. E., Damon, P. E., Coney, P. J., Rhodes, R. c.,
Smith, E. I., and Bikerman, M., 1973, Tertiary volcanic
rocks, Mogollon-Datil Province, New Mexico, and surrounding
region: K-Ar dates, patterns of eruption, and periods of
mineralization: Geological Society of America Bulletin, v.
84, p. 2259-2274.




Livingston, D. E., 1973, A plate tectonic hypothesis for the
genesis of porphyry copper deposits of the southern Basin
and Range Province: Earth and Planetary Science Letters, v.
20, p. 171-179.

1974

Damon, P. E.,, Shafiqullah, M., and Leventhal, J. S., 1974, K-~Ar
chronology for the San Francisco volcanic field and rate of
erosion of the Little Colorado River, in Geology of Northern
Arizona, Part I, Regional Studies: Geological Society of
American Rocky Mountain Section Guidebook. Flagstaff, pe.

221-235.

Pushkar, P., and Damon, P. E., 1974, Apparent Paleozoic ages
from Southern Arizona: K-Ar and Rb-Sr geochronology:
Isochron/West, no. 10, p. 7-1.

Shafiqullah, M., and Damon, P. E., 1974, Evaluation of K-Ar

isochron methods: Geochimica et Cosmochimica Acta, v. 38,

Wendorf, F., Laury, R. L., Albritton, C. C., Schild, R.,
Haynes, C. V., Damon, P. E., Shafiqullah, M., and
Scarborough, R. B., 1974, Dates for the Middle Stone Age of
East Africa: Science, v. 187, no. 4178, p. 740-742.

1975

Brookins, D. G., Enz, R. D., Kudo, A. M., and Shafiqullah, M.
1975, K-Ar and Rb-Sr age determinatioas of orbicular
granite, Sandia Mountains, New Mexico: Isochron/West, no.

12, po 11-12.

Brookins, D. G., Shafiqullah, M. 1975, K-Ar ages for
pegmatitic and metamorphic muscovites, Sandia Mountans, New
Mexico: Isochron/West, no. 12, p. 9-10.

Gresens, R. L., 1975, Geochronology of Precambrian metamorphic
rocks, north~central New Mexico: Geological Society of
America Bulletin, v. 86, p. 1444-1448.

Leventhal, J. S., 1975, An evaluation of the
uranium-thorium—-helium method for dating. young basalts:
Journal of Geophysical Research, v, 80, no. 14, p.
-1911-1914. i

1976 i

Gresens, R. L., 1976, Geologic, geochemical and geochronologic
ianvestigation of Precambrian metamorghic |rocks of the Las
Tablas-La Madera Quadrangles and Picuris Range, northern New
Mexico, a suwmmary, in Tectonics and Mindral Resources of
Southwestern North America: Haury, E. W. |ed., New Mexico
Geological Society Special Publication, no.| 6, p. 132-137.




Horne, G. S., Pushkar, P., and Shafiqullah M., 1976, Laramide

plutons on the landward continuation of the Bonacca Ridge,
northern Honduras: Traunsactions of the Caribbean Geological
Conference, p. 583-588.

Horne, G. S., Pushkar, P., and Shafiqullah, M., 1976,
Preliminary K—-Ar age data from the Laramide Sierras of
Central Honduras: Publicaciones Geologicas del Instituto
CentroAmericano de Investigacion y Tecnologia Industrial no.
5, P 91-98.

Shafiqullah, M., Lynch, D. J., Damon, P. E., aond Peirce, H.
We, 1976, Geology, geochronology and geochemistry of the
Picacho Peak area, Pinal County, Arizona: Arizona
Geological Society Digest, v. 10, p. 305-324.

1977

Brookins, D. G., Lee, M« J., and Shafiqullah, M., 1977, K-Ar
ages for clay size and silt size fractions of uranium ore
from the Grants Mineral Belt, New Mexico: Isochron/West,
no. 18, April, 1977.

Clark, K. F., Carrasco, C., Damon, M. L., Sandoval, H. S.,
1977, Posicion estratigrafica y distribucion en tiempo y
espacio de mineralizacion en la provincia de la Sierra Madre
Occidental, en Durago, Mexico: Asociacion de Ingenieros de
Minas Metalurgistas y Geologos de Mexico, Mem Tec XII, p.
197-24.,

Kudo, A. M., Kelley, V. C., Damon, P. E., and Shafiqullah, M.,
1977, K-Ar ages of basalt flows at Canjilon Hill, Isleta
Volcano, and the Cat Hills volcanic field, Albuquerque-Belen
Basin, New Mexico: Isochron/West, no. 18, p. 15-16.

Mauger, R. L., 1977. K-Ar ages of biotites from tuffs in Eocene
rocks of the Green River, Washakie and Uinta basins, Utah,
Wyoming, and Colorado: Contributions ta Geology .
University of Wyoming, v. 15, no. 1, p. 17-4l.

1978

Banks, N. G., McKee, E. H., Keith, S. B., Shafiqullah, M., and

Damon, P. E., 1978, Radiometric and chemical data for rocks
of the Tortollita Mountains 15' quadrangle, Pinal County,
Arizona: Isochron/West, no.22, p. 17-22.

Damon, P. E., and Montesinos, E., 1978, Late Cenozpoic volcanism
and metallogenesis over an active benioff zone in Chiapas,
Mexico, in "Proceedings of the Porphyry Copper Symposium”:
Arizona Geological Soclety Digest, v. XI, p. 155-168.

Deal, E. G., Elston, W. E., Erdb, F. E., Peterson, 8. L.,
Reiter, D. E., Damon, P. E., and Shafiqullah, M., 1978,
Cenozoic volcanic geology of the Basin and Range Province in
Hidalgo County, southwestern New Mexico and southeastern
Arizona: 1in Callender J. F., Wilt, J. C. and Clemons, R.
E., eds., Land of Cochise: New Mexico Geological Society
Guidebook, 29th Field Conference, p. 219-230.

-




Laughlin A. W., Brookins D. G., Damon P. E. and Shafiqullah

M., 1978. Late Cenozoic volcanism of the Central Jemez Zone
Arizona-New Mexico: 1Isochron/West, no. 25, p. 5-8.

Lynch, D. J., - 1978 The San Bernardino volcanic field of
southeastern Arizona, 1n Callander, J. | F., Wilt, J. C.

and Clemons, R. E., eds., Land of Cochise: New Mexico
Geological Society Guidebook, 29th Field Conference, p.
261-268.

Shafiqullah M., Damon P. E., Lynch D. J., Kuck P. H. and
Rehrig W. A., 1978, Mid-Tertiary magmatism in southeastern
Arizona, in Callender, J. F., Wilt, J. C., and Clemons, R.
E., eds., Land of Cochise: New Mexico Geological Socity
Guidebook, 29th Field Conference p. 231-242,

Shafiqullah, M., and Langlois, J. D., 1978, The Pima mining
district, Arizona—-A geochronologic update, in Callender, J.
F., Wilt, J. C. and Clemons, R. E., eds., Land of
Cochise: New Mexico Geological Society Guidebook, 29th
Field Conference, p. 321-327.

Warnaars, F.,, Smith, W., Bray, E., Lanier, G., and Shafiqullah,
M., 1978, Geochronology of intrusion and mineralization at
Bingham, Utah: a refined estimate: Economic Geology, v.

1979

Clark, K. F., Damon, P. E., Schutter, S. R., Shafiqullah, M.,
1979, Magnatismo en el Norte de Mexico en relacion a los
yacimientos metaliferos, 1in Asociacion de Ingenieros de
Minas, Metalurgistas y Geologos de Mexico, M. T., XIII, P.
9-57. Also published in Geomimet, no, 106, July-August,
1980, p. 51-71.

Damon, P. E., Obregon, J. N., Delgado Argote, L. A., 1979, Un
plegamieno neogenico en Nayarit y Jalisco y evolucion
geomorfica del Rio Grande de Santiago. Reporte en progreso,
in Asociacion de Ingenieros de Mines, Metalurgistas y
Geologos de Mexico, Memoria Tecnica XIII: P. 156-188.

Laughlin, A, W., Brookins, D. G., Damon, P. E., and
Shafiqullah, M., 1979, Late Cenozoic volcanism of the
central Jemez Zone, Arizona—-New Mexico: 1Isochron/West, no.
25, p. 5"“8.

Peirce, H. W,., Damon, P. E., and Shafiqullah,i M., 1979, ‘An
Oligocene (?7) Colorado Platecau edge1 in Arizona:

Tectonophysics, v. 61, p. 1-24.

Scarborough R. B.,and Wilt, J. C., 1979, A study of wuranium
favourability of sedimentary rocks, Basin and Range
Province, Arizona. Part 1, general geology ;and chronology
of Pre-late Miocene sedimentary rocks: Afizona Bureau of
Geology Open-file report, 101 p. |




1980

Baldridge, W. S., Damon, P. E., Shafiqullah, M., and Bridwell,
R. J., 1980, Evolution of the central Rio Grande Rift, New
Mexico: New potassium—-argon ages: Earth and Planetarw
Science Letters, v. 51, p. 309-321. ‘

Best, M. G., McKee, E. H., and Damon, P. E., 1980,
Space-time-composition patterns o0f late Cenozoic mafic
volcanism, southwestern Utah and adjoining areas: American

Journal of Science, v. 280, p. 135-1050.

Clark, XK. F., Damon, P. E., Schutter, S. R., and Shafiqullah,
M., 1980, Magnatismo et el Norte de Mexico en relacion a los
ijacimientos metaliferous (reprint), in Geomimet, no. 106,
p- 49—710

Keith, S. B., Reynolds, S. J., Damon, P. E., Shafiqullah, M.,
Livingston, D. E., and Puskar, P. D., 1980. Evidence for
multiple dintrusion and deformation within the Santa
Catalina-Rincon~-Tortolita metamorphic core complex, 1in:
Crittenden M. D. Jr., Coney, P. J., and Davis G. H.,
eds., Cordillian Metamorphic Core complexes: Geological
Socliety of America, Memoir 153, p. 217~267.

Laughlin, A. W., Damon, P. E., and Shafiqullah, M., 1980, New
K-Ar dates from the Springerville volcanic field, central
Jemez zone, Apache County, Arizona: Isochron/West, no 29.
po3-4

Rehrig, W. A., Shafiqullah, M., and Dawmon, P. E., 1980,
Geochronology, geology and 1listric normal faulting of the
Vulture Mountains, Maricopa County, Arizona: Arizona
Geological Soclety Digest, v. 12, p. 89-110.

Shafiqullah, M., Damon, P. E., Lynch, D. J., Reynolds, S. Je.,
Rehrig, W. A., and Raymond, R. H., 1980, K-Ar
geochronology and geologic history of southwestern Arizona
and adjacent areas: Arizona Geological Society Digest, v,
12, p. 201-260.

1981

Clark, K. F., Damon, P. E., Shafiqullah, M., Ponce, S. B. F.,
and Cardenas, F. D., 1981, Seccion geological-estructural a
traves de la parte sur de la Sierra Madre Occidental, entre
Fresnillo y 1la costa de Nayarit, Memoria, Asociacion de
Ingenieros de Mines, Metalurgistas y Geologos de Mexico, XIV
National Convention. p. 74-104.

Damoan, P. E., Clark, K. F., Shafiqullah, M., Roldaan, Q. J.,
and Islas, L. J., 1981, Geology and mineral deposits of
southern Sonora and the Sonoran Sierra Madre Occidental, in
Ortlieb, L., and Roldan, J., eds., "Geology of northwestern
Mexico and southern Arizona, field guides and papers™: 198!
Cordilleran section Excursion 11, Geological Society of
America, Universidad Nacional Autonoma de Mexico, Instituto
de Geologla, Hermosillo, Sonora, Mexico, p. 369-428.




Damon, P. E., Shafiqullah, M., and Clark, K. Fe, 1981, Age
trends of igneous activity in relation to metallogenesis in
the Southern Cordillera, Relations of tectonics to ore
deposits in the Southermn Cordillera, in Dickinson, W. R.,
and Payne, W. D., eds., Arizona Geological Society Digest,
no. 14, p. 137-154.

Hamblin, W. K., Damon, P. E., and Bull, W. B., 1981, Estimates
of wvertical <crustal strain rates along the western margins
of the Colorado Plateau: Geology, v. 9, p. 293-298.

Erickson, R. C., 1981, K~Ar and Rb-Sr geochronology of the Dos
Cabezas Mountains, Cochise County, Arizona: Arizona
Geological Society Digest, v.13, p.185-193.

Kautz, P, F., Ingersoll, R. V., Baldridge, W. S., Damon, P.
E., and Shafiqullah, M., 1981, Geology of the Espinaso

Formation (Oligocene), north-central New Mexico: Summary:
Geological Society of America Bulletin, Part I, v. 92, P.
980-983.

Kautz, P. F., Ingersoll, R. V., Baldridge, W. S., Damon, P.
E., and Shafiqullah, M., 1981, Geology of the Espinaso
Formation (Oligocene), north-central New Mexico: Geological
Socliety of America Bulletin, Part II, v. 92, p. 2318-2400.

Meijer, A., Reagan, M., Ellis, H., Shafiqullah, M., Sutter, J.,
Damon, P. E., and Kling, S., 1981, Chronology of volcanic
events in the Eastern Philippine Sea, in: Hayes, P. E.,
ed., The Tectonic Evolution of Southeastern Asian Seas and
Islands: Geophsical Monograph 27, p. 255-268.

Nieto-Obregon, J., Delgado-Argote, L. A., and Damon, P, E.,
1981, Relaciones petrologica y geochronologicas del
magmatismo de 1la Sierra Madre Occidental y el Eje
Neovolcanico en Nayarit, Jalisco y Zacatecas, Memoria,
Asoclacion de Ingenieros de Mines, Metalurgistas y Geologos
de Mexico, XIV National Convention. p. 327-362.

Rehrig, W, A., Shafiqullah, M., and Damon, P. E., 1981,
Geology, geochronology and 1listric normal faulting of the
Vulture Mountains, Maricopa County, in Keith, S., Reynolds,
S. J., and Rehrig, W. A., eds., Field Trip 7, South
Mountain-Vulture-Harquahala-Little Harquahala Mountans:
Symposium on "Relations of Tectonics to Ore Deposits in the
Southern Cordillera”, Tucson, P. 68-73

Richter, D. H., Shafiqullah, M., and Lawrence, V., 1981,
Geologic map of the Whitlock Mountans and vicinity, Graham
County, Arizona: United States Geological Survey,
Miscellaneous Investigations Series Map 1-1302, 1:48000.




A _

1982

Bornhorst, T« J., Jones, D. P., Elston, W. E., Damon, P. E.,
and Shafiqullah, M., 1982, New Radiometric ages on volcanic
rocks from the Mogollon-Datil Volcanic Field,| Southwestern
New Mexico: Isochron/West, no. 35, p. 13-14.

Clark, K. F., Foster, C. T., Damon, P. E., 1982, Cenozoic
mineral deposits and subductions related magmatic arcs in
Mexico: Geological Society of America Bulletin, Special
issue on Subduction of Ocean Plates, v. 93, p. 533-544.

Kluth, C. F., Butler, R. F.,, Harding, L. E., Shafiqullah, M.,
and Damon, P. E., 1982, Paleomagmatism of Late Jurassic
rocks in the northern Canelo Hills, southeastern Arizona:
Journal of Geophysical Research, v. 87, p. 7079-7086.

Sillitoe, R. H., Jaramillo, L., Damon, P. E., Shafiqullah, M.,
and Escovar, R., 1982, Setting, characteristics, and age of

the Andean Porphyry copper belt 1imn Colombia: Economic
Geology, v. 77, p. 1837-1850.

1983

Damon, P. E., and Shafiqullah, M., and Clark, K. F., 1983,
Geochronology of the porphyry copper deposits and related
mineralization of Mexico: Canadian Journal of Earth
Sciences, v. 20, p. 1052-1071.

Damon, P. E., Shafiqullah, M., Roldan-Quintana, J., and Cocheme,
J. J., 1983, E1 batolito laramide (90-40 m,y.a.) de Sonora,
Asociacion de Ingenieros de Mines, Metalurgistas y Geologos
de Mexico XVI Convencion, p. 65-93.

Mauger, R. L., Spruill, R. K., Christopher, M. T., and
Shafiqullah, M., 1983, Petrology and geochronology of the
peralkalic metagranite and metarhyolite dikes, Fountain
Quarry, Pitt County, North Carolina: Southeastern Geology,
ve 24, no. 2, p. 67-89.

Richter, D. H., Houser, B, B., and Damon, P. E., 1983,
Geologic map of the Guthrie Quadrangle, Graham and Greenlee
Counties, Arizona: United States Geological Survey,
Miscellaneous Investigations Series Map I-1455, 1:48000.

Shafiqullah, M., Damon, P. E., and Clark K. F. 1983, K-Ar
chronology of Mesozoic-Cenozoic <continental magmatic arcs
and related mineralization in Chihuaha: El1 Paso Geological
Society Publication 14, Guidebook for 1983 Field Conference,
p. 303-315. ;

|

1984 |

Seager, W. R., Shafiqullah, M., Hawley, J., and Marvin, R. F.,
1984, New K=Ar dates from basalts and the evqlution of the
southern Rio Grande Rift: Geological Society of America
Bulletin, v.95, p. 87-99.




STANDARD FORMS CO. - Phoenix - Nevada - Calif. - (602) 272-7927

THE UNIVERSITY OF ARIZONA
Tucson

/24{7a

INVOICE

26-Aug-87
Invoice No.

OD 10vo69

1di12022
Dr. Ronald King
U.S. Department of Energy
Idaho Operations Office
785 DOE place
Idaho Falls, Idaho 83402
Please make check payable to

THE UNIVERSITY OF ARIZONA and mail to Department of: Geosciences / Isotope Geochem.

|

frlysis of 2 K-Ar samples at $750 per sample
1. ET-104

UAKA- 87 921
2. HC-180 UAKA- 87 022
o
8
oo P g
'-% *% Total $1500
EEES ] sfork covered by this ivoice was performed Pro
S 3 % §  saticfactorily to the best of my knowled smpt P ayment Ace
B % EZ* 3. A db e O
= preved Dy:
£ E’: < e P achnical Monitor No 0
T 33s |3 7 |
3 3 2a : Datex /o// 4/ f/? Bua Date
basl v [ —
Please return one copS' of invoice with your check.




STANDARD FORMS CO. - Phoenix - Nevada - Calif. - (602) 272-7927

THE UNIVERSITY OF ARIZON
Tucson
INVOICE
6
Invoice No.
Do Rovadd Cws — DOE, Wdako Falls. id1aL22
Dr. Howard P, Ross _ -
University of Utah Research Institute
391 Chipeta Way A
Salt Lake City, Utah 84108-1295
Plepse jnake [dheck payable to Geosciences / Isotope Geochem.
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5 2. AI-86-102 UAKA- 87 41
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University of Arizona
Isotope Geochemistry Laboratory
Date of Report: August 13, 1987

Project: DOE-Ascension Island

HP Ross
DL Nielson
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Sample Number
UAKA 87-44

Sample Information
Rhyolite porphyry

Location Information
Ascension Island,

Analytical Data

Potassium Radiogenic Ar pm/g

\

Originator's -AI-86-105

South Atlantic Ocean

% Atm. Ar Reported
Data Mean | Date + Err
95.6 95.1 .06 + 0.01
94.5

95.1

95.1

Data Mean | Data Mean
4,958 4.976 @.458 g.516
5.031 @.579
5.033 @.511
4,894 @.515
4.965
Sample Number
UAKA 86-45 Originator's -AI-86-107

Sample Information
Rhyolite, groundmass concentrate

Location Information
Ascension Island,

Analytical Data

Potassium Radiogenic Axr pm/g

Data Mean | Data Mean
3.877 3.891 5.669 5.548
3.886 5.528@

3.877 5.516
3.925 5.486

l

South Atlantic Ocean

% Atm. Ar Reported
Data Mean | Date + Err
50.7 51.8 .82 + @.02
52.9

51.9

52.6




University of Arizona Project: DOE-Ascension Island
Isotope Geochemistry Laboratory HP Ross
Date of Report: August 13, 1987 DL Nielson
Sample Number
UAKA 87-42 Originator's -AI-86-1¢3

Sample Information
Rhyolite - groundmass feldspar concentrate

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data for Feldspar phenocrysts

Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date + Err
2.795 2.752 5.471 5.474 78.2 78.3 1.15 1+ 0.04
2.854 5.509 78.2
2.744 5.489 78.3
2.613 5.428 78.5

Analytical Data for Groundmass feldspar concentrate

. Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | bata Mean | Date + Err
2.664 2,.6437 4,221 4,206 64.7 64.8 .92 + 0.03
2.629 4,246 64.5

2.670 4,188 64.9

2.612 4,169 65.1

Sample Number
UAKA 87-43 Originator's -AI-86-104

Sample Information
Glass, Obsidean

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data

Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | bDate + Err
3.968 3.915 6.732 6.746 24,6 23.9 0.99 + 0.02
3.919 6.746 24,2
3.860 6.733 23.6
3.823 6.772 23.3




University of Arizona Project: DOE-Ascension Island
Isotope Geochemistry Laboratory HP Ross
Date of Report: August 13, 1987 DL Nielson
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Sample Number
UAKA 87-40 Originator's -AI-86-100

Sample Information
Groundmass feldspar concentrate, Basaltic andesite
Dike cuts rhyolite, rhyolite dome, UAKA 87-045

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data

Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date + Err
2,219 2.250 3.090 3.108 68.0 68.6 g.80 + 9.03
2.259 2.990 70.0
2,274 3.191 68.1
2.246 3.162 68.4
Sample Number
UAKA 87-41 Originator's -AI-86-102

Sample Information
Groundmass feldspar concentrate, Trachyte

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data

Potassium Radiogenic Ar pm/g % Atm. Ar Repor ted
Data Mean | Data Mean | Data Mean | Date + Err
3.513 3.464 3.986 3.946 60.0 60.9 g.66 + 0.02
3.441 3.925 61.1
3.439 3.927 61.0




University of Arizona Project: DOE~OREGON
Isotope Geochemistry Laboratory George Priest
Date of Report: May 30, 1987 Ronald King
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Sample Number
UAKA 87-21 Ordiginator's - ET-104

Sample Information
Basalt - groundmass feldspar concentrate
Glassy pillow lava
USDOE-funded geologic map project,
McKenzie Bridge Quad., Oregon

Analytical Data

Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date + Err

0.350 0.355% | 1.462 1.446 | 86.9 86.9 | 2.35 + 0.14
0.360 | 1.344 | 86.9 |

0.354 | 1.510 | 86.9 |

1.468 86.9
Sample Number
UAKA 87-22 Originator's - HC-180

Sample Information
Basaltic andesite - groundmass feldspar concentrate
USDOE~-funded geologic map project,
McKenzie Bridge Quad., Oregon

Analytical Data

Potassium Radiogendic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date + Err
0.785 0.762 | 6.707 6.563 | 83.9 83.6 | 4.986 + 0.37
0.754 | 6.575 | 82.4 | =

0.743 | 6.406 | 84.5 |
0.764




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

September 16, 1987

Dr. Ronald King

U.S. Department of Energy
Idaho Operations OFfice
785 D.0.E. Place

Idaho Falls, Idaho 83402

Dear Dr. King:

Enclosed are separate billings for six samples from the Ascension Islands
submitted by Howard P. Ross and two samples from Oregon submitted George
Priest. George Priest has already received the data sheets for his samples
and we are sending date sheets for the six Ascension Island samples forthwith
to Howard Ross.

We have now completed 10 of the 40 samples contracted for under Modification
No. M0O1 to contract No. De-FGO7 - S861D12622. We will give high priority to
any samples submitted by DOE to fulfill the contract.

Sincerely,

Paul E. Damon
Professor

PD:kw

cc: Howard P. Ross
M. Shafiqullah




THE UNIVERSITY OF

Department of Geosciences ARIZONA Building #77

CSO Gould-Simpson Building
u N ARIZONA Tucson, Arizona 85721

Tel. (602) 621-6024
FAX (602} 621-2672

February 28, 1991

Ms. Elizabeth Bowhan

U.S. DOE, Idaho Operations Office
785 DOE Place

Idaho Falls, Idaho 83402

Dear Ms. Bowhan:

Transmitted herewith is the final report for Department of Energy Grant No. DE-FGO7-
861D12622. Under the terms of this grant the University of Arizona provided state-of-
the-art K-Ar age dating services, including sample preparation, analytical procedures,
and computations, for forty two geologic samples submitted by DOE geothermal
researchers.

The final age dates were completed and submitted to DOE on June 30, 1989. The
integration of K-Ar dates with geologic data and interpretation in terms of geologic
significance has been reported separately by the individual DOE State Geothermal
team or other DOE geothermal researchers. This report details the samples
completed, and final age dates, and is submitted to complete grant reporting
requirements.

Sincerely,

Paul E. Damon
Principal Investigator

— U g«&%w\&,@v

Muhammad Shafiqullah
Principal Investigator




K-AR DATING OF YOUNG VOLCANIC ROCKS
FINAL REPORT
Prepared for:

The U.S. Department of Energy
Geothermal Technology Division

State Cooperative Geothermal Research
Grant Number: DE-FGQ7-861D12622

Prepared by:

Paul E. Damon
Muhammad Shafiqullah

THE UNIVERSITY OF ARIZONA
Department of Geosciences

January 31, 1991

SUMMARY

Potassium-Argon (K-Ar) age dates were determined for forty two young geologic
samples by the Laboratory of Isotope Geochemistry, Department of Geosciences, in
the period February 1, 1986 to June 30, 1989. Under the terms of Department of
Energy Grant No. DE-FG07-861D12622, The University of Arizona was to provide state-
of-the-art K-Ar age dating services, including sample preparation, analytical
procedures, and computations, for forty two young geologic samples submitted by
DOE geothermal researchers. We billed only for forty samples.

Age dates were determined for geologic samples from five regions with geothermal
potential: the Cascade Mountains (Oregon); the Cascade Mountains (Washington);
Ascension Island, South Atlantic Ocean; Cerro Prieto, Mexico; and Las Azufres,
Mexico. The ages determined varied from 5.92 m.a. to 0.62 m.a. The integration of K-
Ar dates with geologic data and the interpretation in terms of geologic and geothermal
significance has been reported separately by the various DOE geothermal researchers.

Table 1 presents a detailed listing of all samples dated, general sample location,
researcher, researcher’s organization, rock type, age, and probably error (1 standard
deviation). Additional details regarding the geologic samples may be obtained from
the respective geothermal researcher.




K-Ar dating Procedure at the University of Arizona

Sample preparation

For groundmass feldspar concentrate, large phenocrysts, if
any, were removed by hand picking. Samples were then ground to
100-150 um. Glass and altered minerals were separated by
floatation on a heavy liquid of specific gravity 2.50 -2.55. K-
poor minerals such as olivine and pyroxene were separated using a
heavy liquid of specific gravity 2.90-2.96. The concentrate of
feldspar and feldspar rich composite grains were leached in
dilute HF to remove any adhering glass, clay and carbonate and
then resieved to remove the finer grains. The resultant culled
groundmass was used for K-Ar dating. Pure feldspar was separated
using standard magnetic and heavy liquid separation techniques.

K-Analysis

Potassium is analyzed on a Perkin-Elmer model 403 atomic
absorption spectrophotometer. Three splits of each sample are
taken in solution with HF, buffered with NaCl, and brought to a
standard volume. A rock standard is run concurrently with each
sample to monitor precision. Analyses are repeated if the spread
between extreme measured values exceeded 1.5 % and/or the
measured potassium content of the standard differ by more than 2%
from the accepted value.

Ar-Analysis

Samples for argon analyses are fused in induction-heated
molybdenum crucibles suspended in 90 mm air cooled pyrex fusion
envelopes, which have first been evacuated and baked for 2 days
at 257°C. The gas resulting from each fusion, after being
thoroughly purified, is divided into two or more aliquot for
separate analyses by static mode using our 6 inch (15.24 cm), 60°
sector field, Nier type gas source mass spectrometer. A
dedicated table top micro computer changes the magnetic field to
focus each ion beam, in turn, on a Faraday cup collector and then
measures and stores the voltages generated. Measurements are
time regressed to the time gas is introduced, using both linear
and parabolic least squares regression routines, and also on mass
intensity ratios. If analyses in different aliquot do not fall
within expected statistical limits, additional fusions and
analyses are performed until satisfactory results are obtained.
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Table 1.

Researcher

Nielson
Nielson
Nielson
Nielson
Nielson
Nielson
Nielson
Nielson
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Priest
Moore
Moore
Moore
Moore
Moore
Moore
Korosec
Korosec
Korosec
Korosec
Korosec
Korosec
Korosec
Korosec
Korosec
Korosec
Reed
Reed

DL
DL
DL
DL
DL
DL
DL
DL
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Rock

BA Ascension
Ascension
Ascension
Ascension
Ascension
Ascension
Ascension
Ascension
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Sample

Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon
Oregon

locality

Island
Island
Island
Island
Island
Island
Island
Island
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade

Los Azufres
Los Azufres
Los Azufres
Los Azufres
Los Azufres
Los Azufres
Washington
Washington
Washington
Washington
Washington
Washington
Washington
Washington
Washington
Washington
Cerro Priet
Cerro Priet

Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
Cascade
o

o)

DE-FGo7-861ID12622

Samples dated at the University of Arizona by K-Ar method
under DOE Grant No.

Sample Number Reported Date

Researcher

AI-86-107
ATI-86-102
AI-86-103
AI-86-103
AT-86-104
AT-86-105
AI-86-107
AT-88-16
CTGH-1-1756
ET-104
HC-180
BHS-20
BHS-21
BHS-22

Pp-2
CTGH-1-3195
CTGH-1-4633
35-015
CTGH-1-3152

CTGH-1-4740
88-2-1819
88-4-810
88-3-1240
88-3-1741
#1

#2

#3

#4

#5

#6
MK-87-9-70
MK-87-9-75
MK-88-8-8
MK-88-8-9
MK-88-8-10
MK-88-8-11
MK-88-8-14
MK-88-8-18
MK-88-8-20
MK-88-8-24
CP-1

CP-2

UAKA

87040
87041
87042
87042
87043
87044
87045
88046
87016
87021
87022
87198
87199
87200
87218
88017
88018
88019
88040
88041
89063
89064
89065
89066
87238
87239
87240
87241
87242
87243
88163
88164
88165
88166
88167
88168
88169
88170
88171
88172
86252
86253

Ma

0.80
0.66
0.92
1.15
0.99
0.06
0.82
0.65
2.92
2.35
4.96
0.86
1.47
0.65
0.94
5.15
4.64
0.63
4.95
4.65
0.15
0.07
1.35
1.49
1.09
5.92
0.90
0.45
1.36
0.13
0.13
0.31
0.22
0.31
0.49
0.28
1.67
0.20
0.29
0.39
0.10
0.12

+/-

0.03
0.02
0.03
0.04
0.02
0.01
0.02
0.02
0.08
0.14
0.37
0.06
0.06
0.05
0.05
0.25
0.12
0.09
0.23
0.12
0.05
0.03
0.07
0.06
0.03
0.14
0.03
0.03
0.06
0.01
0.01
0.05
0.12
0.08
0.08
0.02
0.23
0.04
0.03
0.04
0.06
0.07




Sample type dated - groundmass feldspar concentrate or feldspar

separate
Rock type

A = Andesite B = Basalt

D = Dacite BA = Basaltic andesite

O = Obsidian R = Rhyolite

T = Trachyte R-F = Feldspar

T-F = Feldspar

Affiliation of Researchers
J Moore UURI - Utah
DL Nielson UURI - Utah
G Priest Oregon Dept. of Geology and Mineral Industries
M Korosec Washington State Dept. of Natural Resources

M Reed DOE- Geothermal Technology Division




ADMINISTRATIVE OFFICE
910 STATE OFFICE BLDG., 1400 SW 5th AVE., PORTLAND, OR 97201

NEIL GOLDSCHMIDT
GOVEANOR

Apr il 28, 1989

Pl ol Damon
LLaboratory of lsotope Geochemiatry

Seology Bullding

.

‘Department of Geology and Mineral Industries

-5528 PHONE (503)229-5580

Wﬁ [0‘;,45?

Un1/r| sttty of Arizona
B0, AL 5721

Doy Fauwl:.
‘ Four basalt zamples are beingvsent to you for isotopjic age
determination, These samples are from drill core in the High Cascades of
Oregan, The ages will help to tell us the minimum offset|on a major arc-
narallel graben in the central part of the range. This information will in
turn aid us v oour understanding of the geologic Framewov< of potential
hrwdrothermal syvetems in the Cascades.

My wnderstanding from Howard Ross at UURI is that the costht of analysis
111 be covered under your contract with USDOE.
The followinyg samples were sent:
2%-2-1819  (Devils Lake drill hole at a-depth of 1819 ft.
£ 4310 (frout Creek Butte drill hole at a depth of 810 ft.)
P2-2-1240  (Abhbott Butte drill hole at a depth of 1240 ftl)
g3 1700 (dhbott Bubtte drili hole at a depth of 1741 ft.)

i

These ages will be very valuable for correlation purposes as we go

forward this summer with our own scientific drilling progriam in the High

Taacades. I eagerly await the results.

2]y,

e g

Lebrge R. Pri
Hergional beoiugx:t

Gincere

i Howard Ross
David Sheryvod
Soott Huqh
Britton Hill . .
e Vaylor '
PFlatt Bradbury .

oo

s |




6466

UNICOM Business Forms, Inc. (602) 571-1740
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}
THE UNIVERSITY OF ARIZONA :
Tucson
INVOICE 52232
Date 17-Apr-89
Invoice No. : 1146
Dr. Ken Taylor
Project Manager :
Advanced Technologies Division
DOE - Idaho Operations Office
Idaho Falls, 1Idaho 83402 .
PE Damon/M Shafiqullah
Geosciences, Bldg # 77
University of Arizona
Please make check payable to . Tucson, AZ. = 85721
THE UNIVERSITY OF ARIZONA and mail to Department of: :
Analysis of 6 K-Ar samples at $750 per sample Agéjbd*&
1. MK 87 9 75 UAKA- -88 164 (0314 /- 0.054)
2. MK 88 8 11 . UAKA- 88 168 €0.277 ¥/~ ©.020)
3. "MK 88 8 14 UAKA- 88 169 (1.67 /- ©.23)
4. MK 88 8 18 UAKA- 88 170 (0.203%.0.03¢)
- 5. MK 88 8 20 UAKA- 88 171 &mzqz'ﬂlc»o33)
6. MK 88 8 24 "UAKA- 88 172 (0294 +/- ©0.039)
Amount billed S A500
Please return one copy of invoice with your check. ‘lL
— = ’ =
A¥ e, \7, '89 (_Dec.23)'88 D)
MK 87-9 -70 63 ]o.125 "¥/-"0.014 my | 0.810 +/-0.040 "
Thowsslale MK 88-8- 8 J65[(0.217 Y- 0.122 w .14 ¥/-l0.-09 ¥ ve onads
Sk MK 88-8-Q  106|0.309 4 0.07S wy | [T& W03 | fcntreef
' MY 88-8-10 167]0.442 H/- 0.084 wy | .58 F/-0.43
4 ReW\se & T oo i




"Please give me a call if I can be of any assistancel

THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

- Dr., Paul Hammond May 31, {1989

Department of Geology
State University
Portland, Oregon 97287

Dear Dr. Hammond

It was a great pleasure to talk to you over the telephone last
Tuesday and discuss the dates on samples sent by Df. Korosec. It
was a good feeling to hear that you liked the numbérs and that they
fit the geologic setting of the area you have been\mapplng for a
long time and are familiar with the sample locatlons. Some of the
samples analyzed for this project were close to ou‘ analytical
limits and we had to reanalyze them. However, Mike was not happy
with some of the values and I mentioned that we wil]ll be happy to
analyze one sample collocted from one of the flows with very low K-
content at no cost to DOE if it has about 0.5 percent K or more.
Please keep an eye for such a sample.

J

Sincerely

M. Shaflq:l%?‘&

Copy to
HP Ross
M. Korosec




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

February 1, 1988

Dr. Howard P. Ross

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

Salt Lake City, Utah 84108

Dear :Dr. Ross:

Enclosed are the data for George Priest's Cascade Mountains
‘geothermal project .and copies - of letters to Dr. Ronald King and
Kenneth Taylor. .

Sincerely,

Paul E. Damon
Professor

hn.
Enclosures

fes.

L

w6




THE UNIVERSITY OF ARIZONA

TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

September 15, 1987

Dr. Howard P. Ross

University of Utah Research Institute
391 Chipeta Way
Salt Lake City, Utah 84108-1295

Dear Dr. Ross:

Enclosed are the results for the six samples from Ascension Island that you

"submitted and two samples from George Priest. The data

Priest earlier this summer.

were sent to George

You will note that the K-Ar age of the estimated youngest rock from Ascension

Island is apparently younger than expected - 60,000 +
could be a geothermal target.

10,000 years. This

As I mentioned in the enclosed letter to Dr. Ronald King, we have completed

only 10 of 40 samples under Modification No.
$861D12622.
this contract.

Sincerely,

Paul E. Damon
Professor

PD:kw

CC: M. Shafiqullah

MOO1 to
We will give high priority to any samples that DOF submits under

contract DE-F607-




THE UNIVERSITY OF ARIZONA

TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES

~BUILDING #77 ’
GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

February 1, 1988

Mr. Kenneth Taylor

U.S. Department of Energy
Idaho Operations Office
785 DOE Place ‘
Idaho Falls, ID 83402

| Dear Mr. Taylor:

With reference to instrument No.

| .m2/4/

DE-FG07-861D12622, we have only

received 20 samples out of 40 required for completion of our grant
Hence, we request an extension to 1131188 in order to complete the

grant.
~receive 20 or more samples after grants are awarded and

SO.

Howard Ross telephoned today and informed us that we will

there

should be no difficulty in completing the grant in the next 12

months.
are working on an additional 6.

We have completed 14 K—Ar analyses and b111ed for them..

We

'Please take the necessary steps . to make modification M002 to

instrument NO. DE FGO7 -861D12622.

Thank you.

Sincerely, =~

Paul E. Damon

'Professor
hn
xc: Ronald King

Howard Ross ‘
Mf Shafiqullah

s°




*»THE UNIVERSITY OFARIZONA
,}J’:’,TUCSON ARIZONA 85721 e :

' DEPARTMENT OF GEOSCIENCES
* . BUILDING #77" .

" GOULD-SIMPSON BUlLDING :

’,'TEL(wnem4ou

" January 29, 1987 |

Dr. Ronald Klng .
"U.S. Department of Energy..
Ao Idaho 0perat10ns Offlce
* 785 DOE Place’.

- Idaho Falls, Idaho 83402

fﬂDear Dr. K1ng.

We have recelved only 2 of 40 samples to be dated under lnstrument A
_',-No. DE-FG07-861D12622., We will report the results next week._ In addltlon,»-‘
'f[six samples from Ascens1on are ‘en route to us._ I S

. We have not recelved enough samples to complete our pro;ect dur1ng
'the 2/1/86 to 1/31/87 budget period. Therefore, I request an exten31on
- of . the. budget" per1od but w1th no addltlonal expense other than the T

‘.original $30 000.. : - -

: Sincerély;@eh t

tfPaul E. Damoofi-‘
Professor
S ees ‘4ward P. Ross .




TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING v’
TEL. (602) 621-6024

September 8, 1986 ‘

Dr. Ronald King

U.S. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls, Idaho 83402

Dear Dr. King:

THE UNIVERSITY OF ARIZONA

We have received no samples to date. However, according to Howard P.
Ross, we should receive a total of 18 samples in September from

Ascension Island, Oregon and Cerro Prieta, Mexico.
Howard Ross that our sample backlog is low and, so,
incoming samples fast.

Sincerely,

=T

aul E. Damon
Professor

hn
Xc: Howard P. Ross

I pointed out to
we can move the

Mo Y12l
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FEDERAL ASSISTANCE MANAGEMENT SUMMARY REPORT
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THE UNIVERSITY OF ARIZONA

TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

Michael Korosec

State Geologist

Geology and Earth Resources Div,
Mail Stop: PY-12

Olympia, WA 98504

"Dr.

April 17,

Dear Mike

In accordance to our telephone conversation|,
find data on the remaining six samples you submitte
dating. Each sample was ground to -10@+150 mesh and
feldspar groundmass concentrate was separated as fa
with the removal of pyroxene and olivine by exp101t
magnetic properties and density. Phenocryst feldspa
as non-magnetic fraction..

As I mentioned over the telephone this morni
many unusual problems recently. The Research Assist
working with us last summer was accident prone and
tracer concentration and composition without our kn
no longer us us. We are recalculating all analyses
and have reanalyzed quite a few samples.
sent in December, on recalculation, came out quite
It is unfortunate that it had to happen this way.
hind side, we are glad that we could correct the da
in print.

We note that all your samples are geological
though the percent atmospheric argon appears high,
atmospheric argon content is low in all but two cas
and 88-169). Measurement of radiogenic argon cont
your samples with low potassium (<@.3 %)
attention to details. We tried our best and reanal
samples. We will be happy to analyze one recollecte
additional cost to DOE.

The analytical results were checked by Paul
release. It was a pleasure to work on this project
forward to continued cooperative research. With sea
and best wishes.

-Respectfully
M. Shafiqui ah

Research Scientist

Copy to:
Howard P Ross
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THE: UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
. *BUILDING'#77 '+ 4!« .« , ) R e e .
- GOULD—SIMPSON BUILDING, - . o PRI A )

7 TEL (602)621-6024 : . . S T : L T

Dr. Ken Taylor - April 17, 1989
Project Manager
Advanced Technologies Division :
DOE Idaho Operations Office
785 DOE Place 7

Idaho Falls, 1Idaho 83402

Dear Dr. Taylor

Enclosed please find the K-Ar data along with the bill for the
samples submitted by Dr. Mike Korosec of Washington State

Department of Natural Resources. This completes his samples. We
will work on. the four samples from Dr Priest when received on a

- high pr10r1ty ba51s. ‘That should complete our current contract with
.you.

It appears that we have not yet received the $3000 payment for the
last bill sent on Dec 23, 1988. When a check comes directly to the
University it is considered a donation from an anonymous source and
our Lab account is not credited. Since this happened to u# before
we request that the payments come to our Department|for deposit to
the proper account. Could you please check if the check has

already been mailed?.

1

Respectfully

— . st@%‘%

M. Shafiqullah

Copy to
H. Ross




University of Arizona Project :DOE~ Wash

Location Information
Crazy Hills, Skamania CO., Washington

Burnt Peak Quad.

™

Lat. 46 03.42' N
Long. 121 54,15 W
Analytical Data ,
Potassium Radiogenic Ar pm/g % Atm. Ar
Data Mean | Data Mean | Data Mean |
9.204 0.198 @.565 @.599 80.0 81.3
@.199 2.631 80.0
2.190 9.619 81.8
G.200 @.584 84.3
9.597 ‘ 80.3 R
University of Arizona ~ L7 project :DOE- Washi
Isotope Geochemistry Laboratory Mike Koro
Date of Report: December 23, 1988

Sample Number

UAKA 88 167¢ Originator's - MK-88-8-10
Sample Information

Groundmass feldspar concentrate

Basalt of Trout Lake Creek

Location Information
Indian Heaven, Skamanla CO.,Washington

Sleeping Beauty Quad.

Lat. 46 35.09' N
Long. 121 43.55' W

Analytlcal Data o e
‘- ‘Potassium- Radiogenic Ar pm/g° ‘% "Atm. “Ar

Data Mean | Data Mean | Data Mean |

#.251 @.241 g.651 g.659 85.1 85.0
g.245 0.660 84.5
g.231 3.667 85.5

f‘ /flo\\ xw

1ngton“State

Isotope Geochemistry Laboratory Mike Korosec !
‘Date of Report: December 23, 1988 ‘
Sample Number
UAKA 88166¥ Originator's - MK-88-8-9 i
Sample Information 2 e
: Basalt of Burnt Peak jjq b L
Groundmass feldspar concentrate \/ o) e

Reported
Date +/~ Err

secC ’

- i
‘Reported "
Date +/- Err

- — s e = tam —- - ——




University of Arizona Project :DOE- Wa
Isotope Geochemistry Laboratory
Date of Report: December 23, 1988
Sample Number
' UAKA 88 163 ¥ Originator's - MK 87-9-70

Sample Information

Groundmass feldspar concentrate

Andesite of Forlorn Lake

Location Information

' Indian Heaven. Skamania CO., Washington
Gifford Peak Quad.
Lat. 45.56.92' N
.Long. 121 45.54' W

Analytical Data

Potassium Radiogenic Ar pm/g % Atm. Ar

Data Mean | Data Mean | Data Mean |

@.785 @.798 g.691 g.706 85.5 85.3

?.805 0.73¢ 84.3

?.803 g.702 85.5

.- 2.700 85.9
University of Arizona Project :DOE- Wa
Isotope Geochemistry Laboratory Mike Ko
Date of Report: - - December 23, 1988

‘Sample Number ,
UAKA 88 165 % Originator's - MK-88-8-8
Sample Information
Groundmass feldspar concentrate
Basalt of Thomas Lake .-

Location Information
Crazy Hills, Skamania Co.,Washington
Burnt Peak Quad.
Lat. 46 05.03"
Long. 121.54.85"

N
W

Analytical Data

Potassium Radiogenic Ar pm/g % Atm. Ar
.Data Mean | Data Mean | Data Mean |
9.189 0.195 0.587 g.586 64.4 65.1
2.199 9.590 60.4
7.194 @.574 66.2
2.196 g.591 69.5

Mike Kdrosec f

}
i
shington State

Rep%&ted
Date‘+/— Brr

—— - — — —— e ———

0.51@‘+/—G.G40

i
ﬁhingtoh State
rosec

b
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Dateﬂ+/— Err -
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|

!
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THE UNIVERSITY OF
TUCSON, ARIZONA 85721

ARIZONA

DEPARTMENT OF GEOSCIENCES
BUILDING #77
GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

Dr. Michael Korosec

Geologist

Geology and Earth Resources Div.
Mail Stop: PY-12 '
Olympia, WA 98504

Dear Mike

In accordance to our telephone conversation
analytical data on four samples you submitted for
It is nice to know that you are happy with the dat

Each sample was ground to -1@@+150 mesh and
feldspar groundmass concentrate was separated by e
magnetic properties and density. Phenocryst feldsp
as non-magnetic fraction. Data on your other sampl
in January, 1989.

The analytical results were checked by Paul
release. It was a pleasure to work on this project
forward to continued cooperative research. With se
and best wishes for a new productive year.

Respectf

—UL . S

M. Shafi
Research

Copy to:
Howard P Ross
Ken Taylor

Dec

29, 1988
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UNICOM Business Forms, Inc. (602) 571-1740

¢ € € € € ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ (
THE UNIVERSITY OF ARIZONA
Tucson
INVOICE 5 1 8 7 2
Date .29-Dec-88
Dr. Ken Taylor Invoice No. 1146

Project Manager -

Advanced Technologies Division

U.S. Department of Energy
Idaho Operations Office
785 DOE place
Idaho Falls,

Idaho 83402

Please make check payable to
THE UNIVERSITY OF ARIZONA and mail to Department of:

PE Damon/M Shafiqullah
Geosciences

G-S Building #77
University of Arizona

Progen-—AZ . RA5J2]
Analysis of 4 K-Ar samples at $75¢ per sample '
1. MK 87 9 70 UAKA- 88 163 f
2. MK 88 8 08 UAKA- 88 165
3. MK 88 8 99 UAKA- 88 166 . |
4, MK 88 8 10 UAKA- 88 167 '
Total | $ 3000

Please return one copy of invoice with your check.




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

]
€5
[as]

18-Apr|~-8

Dr. Ronald King

U.S5. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls Idaho 83442

Dear Dr. XKing

Enclosed are the analytical results on the sample
by Dr. Priest for K-Ar analysis and the invoice.
was ground, seived to -189+150 mesh and the pota
mineral or composite fraction was separated by ex
shape, magnetic properties and/or density. Speci
on individual samples is on the report sheet.

The analytical results were checked by Paul
release. Please remit the invoiced amount. It wa
to work on this project, we look forward to cont
cooperative research.

Respectfully,

M. Shafiqullah
Research Scientist

Copy to

Paul E Damon
Howard Ross’
George Priest

s submitted
LCach sample
ssium-rich
ﬁloiting

?l comment

Damon before
s a pleasure
inued




THE UNIVERSITY OF
TUCSON, ARIZONA 85721

ARIZONA

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

19

Dr, George R Priest
Regional Geologist
Deptartment of Geology and
Mineral Industries
Portland, Oregon 97281

Dear GCeorge

When we discussed the K-Ar dates on your t
last month, you had problems with our 4.564 +/-
UAKA 88-18 (sample from 4633"' depth). Your cor
suggestad that it should fall between 1% and 1
we decided to date the sample from a depth of
cost to DOE. The 4.65 +/- 0.12 m.y. calculate
sample is identical to the previous date.

Yesterday I talked to Dr. David Sherror a
Park, who has baeen working with you on this pr
geochemical work suggests that a large number
the volcanic sequ=nce and that the flows betwe
4890 ft depth are geochemically similar. His g
substantiates our dating. &t the face value,
and 4.95 +/- 0.23 m.y dates for UAKA 88 (17 an
respectively are older than 4.64 +/- §.12 m.y
88 018. However, the former two samples contai
contents in the groundmass feldspar concentrat
during hydrothermal alteration., Dave mentione
sequence has undergone low temperature alterat
degrees and we belive that potassium was prefe
lost from part of the .sequence to yield the da
All tha four dates are within two sigma statis
He will incorporate all these along with our s
technique in his report.

It was a plsasure to work on this interes
with you and we look forward to continued coop

Respnectfully,

M. Shafiqullah
Research Scientist

Copy to.
Paul E Damon
Howard Ross

N R £
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Universityv of Arizona Project: DCE-OREGON
Isotope Geochemistry Laboratory -Geqrge Priest
Date of Report: March 7, 1983 Ronald King

Sample Number
UAKA 87 @16 Originator's -CTGH-1 1756"

Sample Information
Groundmass feldspar concentrate
Basaltic andesite from 4633' depth

Location Information
Northern Oregon Cascade

Analytical Data

% Potassium Radiogenic Ar pm/g % Atm. Ar Reported

Data Mean | Data Mean | Data Mean | Date +/- Err

1.167 1.155 5.788 5.845 29.6 29.5 2.92 +/- 3.08

1.145 5.849 29.8

1.154 5.3860° 29.4

5.893 29.0

University of Arizona Project: DOE~OREGON
Isotope Geochemistry Laboratory G?orge Priest
Date of Report: April 18, 1988 ' Ronald King
Sample Number .

UAKA 88 @19 Originatoxr's -35-015

Sample Information

Feldspar concentrate, basalt

Young silicic volcanic field in High Cascades, Orgegon
East of Bend and also east of Three Sisters Volcahnoes

Analytical Data

Reported
Date +/- Err

% Potassiun Radiogenic Ar pm/ % Atm. Ar
Data Mean - Data Mean Data Mean
9.974 2.9843 1.296 1.078 92.7 93.4
2.993 2.978 ' 94.0
0.986 1.049 93.6

" 0.63 +/- .09




University of Arizona Project: DO
Isotope Geochemistry Laboratory Ge
Date of Report: March 7, 19838 RO

Sample Number
UAKA 88 @17 Originator's -CTGH-1 3195°

Sample Information
Groundmass feldspar concentrate
Altered basaltic andesite from 3195' depth

Location Information
Northern Oregon Cascade

Analytical Data

E-OREGON
orge Priest
nald King

Potassium Radiogenic Ar pm/g % Atm. Ar Reported

Data Mean | Data = Mean | Data Mean | Date +/- Err

9.658 ©.665 6.011 5.949 83.4 83.5 5.15 +/- 8.25

9.663 5.918 83.6

g.674 5.917 83.6
University of Arizona Project: DOE-QREGON
Isotope Geochemistry Laboratory George Priest
Date- of Report: April 18, 1988 RFnald King
Sample Number _

UAKA .88 340 Originator's -CTGH-1 3152

Sample Information : ,
Groundmass feldspar concentrate
'Altered basaltic andesite from 3152' depth

Location Information
Northern Oragon Cascade

Analytical Data

% Potassium Radiogenic Ar pm/g % Atm. Ar
Data Mean | Data . Mean | Data Mean

- g.584 0.510 4,310 4,388 79.7 80.6
g.518 4.405 80.9 :
2.509 : 4.699 79.6

g.511 - 4,138 32.0 -

Reported
Date +/- Err

4.95 +/- 9.23
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University of Arizona
Isotope Geochemistry Laboratory
Date of Report: March 7, 1988

Sample Number
UAKA 88 @18

Sample Information
Groundmass feldspar concentrate

Basaltic andesite from 4633' depth

Location Information ‘
Northern Oregon Cascade

Analytical Data

Potassium - Radiogenic Ar pm/g
Data Mean | Data Mean |
1.661 1.875 8.492 8.664
1.057 ”' 8.728
1.1¢8 8.786
8.650
University of Arizona
Isotope Geochemistry Laboratory
Date .0of Report: April 18, 1988

Originator's -CTGH-1 4633

Project:

DOE-OREGON
George Priest
Ronald King

DOE
Gex
Ror

Reported
Date +/- Err

4.64 +/- 9.12

—-OREGON
rge Priest
rald King

Sample Number .
UAKA 88 041 Originator's -CTG

Sample Information '
Groundmass feldspar concentrate
Basaltic andesite from 4740.5' depth

Location Information -
Northern Oregon Cascade

Analytical Data

% Potassium Radiogenic Ar pm/g
Data Mean | Data Mean ]
1.144 1.144 9.252 9.232
1.137 9.250¢

1.152 9.254

H-1 4740.5 .

% Atm. Ar
Data Mean
60.9 6G.9
63.9

60.7

61.1

Repor ted
Date +/- Err
4.65 +/- g.12




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

X

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

May 4, 1988

Dr. Howard P. Ross

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

Salt LAke City, Utah 84108

Dear Dr. Ross

Enclosed please find the data for Ascension Island geothermal

area sample sent by Dennis L Nielson along with |copies of letters
to Drs. Ronald King and Dennis Nielson.

Respectfully,

M. Shafigqullah
Research Scientist

Copy to

Paul E Damon
Dennis L Nielson
Ronand King




University of Arizona
Isotope Geochemistry Laboratory
Date of Report:

Sample Number

UAKA 88 946

Sample Information
Sanidine phenocrysts,
Ascension Island

. Analytical Data
Potassium
Data Mean

4.375 4.343

4.387
4.268

1988

Originator's - AI-88-16

Data

trachyte

Radiogenic Ar pm/g
Mean

Project: D¢
Ascensic

)E - UURI
n Island

DL Nielson

% Atm. Ar
Data Mean |
5.0 51.4
51.1

52.1

52.2

Reported
Date +/- Err

@.650 +/-0.017




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

G4-May-88

Dr. Ronald King

US Department of Energy-
Idaho Operations Office

785 DOE Place

Idaho Falls, Idaho, 83422

"Dear Dr King

Inclosed are the analytical results on the samples submitted
by Dr. D.L.  Nielson for K-Ar analysis and the invoice. _The sample
was ground, ultrasonified and seived to -10@8+156 |mesh and sanidine
was separated by exploiting shape, magnetic properties and density.

The analytical results were checkzd by Paul Damon before
release. Please remit the invoiced amount., It was a pleasure
to work on this project, we look forward to continued
cooperative research, i

Respectfully,
M. Shafigqullah
Research Scientist

Copy to
Paul E Damon
Dennis L Nielson




THE UNIVERSITY OF ARIZONA

TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

May 4,

Dr. Dennis L Nielson

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

-
Salt LAKe City, Utah 84108

Dear Dr. Nielson

Enclosed please find K-Ar data on your Ascension I
Sanidine sevaration was quite a challenge consider
of the sample. If vou have anv question about our
or the data please give us a call. It was a pleasu
project and we look forward to continued cooperati

Respectfully,

. U\ .<5Ld1%§15wﬂﬁgpﬁl
M. Shafigqullah '
Research Scientist

Copy to
Paul E Damon
Howard Ross
Ronand King

1988

sland sample.

ing the condition
analytical procedure
re to work on this
ve research.
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THE UNIVERSITY OF ARIZONA

TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

March 29, 1988

Dr. Howard P. Ross

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

Salt LAke City, Utah 84108

Dear Dr. Ross

Enclosed are the data for Joe Moore's Los Azufrles geothermal
area samples from Michoacan, Mexico along with |copies of letters
to Dr. Ronald King and Joe Moore.

Respectfully,

M. Shafiqudlah

Research Scientist

Copy to

Paul E Damon
Joe Moore
Ronand King




TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

Dr. Joe Moore

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

Salt LAke City, Utah 84198

Dear Dr. Moore

"THE UNIVERSITY OF ARIZONA

March 29,

1988

~Enclosed please find K-AR data on your Los Azufres samples from
Michoacan, Mexico. Sorry for the delay in sending you the data.
If you have any question about our analytical procedure or data
please give us a call. It was pleasure to work on this
project and we look forward to continued cooperative research.

Respectfully,

— Q%W

M. Shafiqullah
Research Scientist

Copy to

Paul E Damon
Howard Ross
Ronand King




University of Arizona
Isotope Geochemistry Laboratory
Date of Report: February 23, 1988
Sample Number

UAKA 87 238

Project:

Originator's - #1 dacite

Sample Information
Feldspar concentrate
Dacite, Michoacan

Analytical Data ‘
% Atm. Ar

% Potassium Radiogenic Ar pm/g

Data Mean | Data- Mean | Data Mearn
'3.781 3.792 7.148 7.149 49.4 49.9

3.8340 7.150 50.0

3.766 7.160 50.0

7.137 56.0

Sample Number _
' UAKA 87 239 Originator's - #2 Andesite

Sample Information
Groundmass feldspar concentrate
Andesite, Michoacan :

Analytical Data

% Potassium Radiogenic Ar pm/g % Atm.bAr
Data Mean | Data Mean | Data Mean
1.481 1.587 15.594 15.488 21.8. 21.9
1.537 15.539 21.6

1.504 15.330 22.2

Los Azufres,
Joe Moore

DOE - UURI
Mexico

- - ———————————————

Reported
| Date +/- Err

" 1.087 +/-0.025

Reported
| Date +/- Err

‘ 5.92 +/- 0.14




Project:
Los A

University of Arizona
Isotope Geochemistry Laboratory
Date of Report: February 23, 1988
Sample Number . ‘
UAKA 87 240 Originator's - #3 Rhyolite
Sample Information
Feldspar concentrate

Rhyolite, Michoacan
Analytical Data
% Potassium Radiogenic Ar pm/g % Atm. Ar
Data Mean | Data Mean | Data Mean
4.088 4.055 6.441 6.344 73.4 74.4
4.017 6.383 74.7
4.060 6.332 74.3
6.221 75.3
Sample Number
UgakKa 87 241 Originator's - # 4 Dacite
Sample Information
Groundmass feldspar concentrate
Dacite, Michoacan :
"Analytical Data
% Potassium Radiogenic Ar pm/g % Atm. Ar
Data Mean | Data Mean | Data Mean
1.134 1.161 g.83¢0 0.914 81.7 8d.8
1.168 0.867 82.3
1.181 @.975 79.9
9.907 80.4
0.938 80.1
3.965 80.6

DOE - UURI
zufres, Mexico

Joe ﬁoore

Reported
| Date +/- Err

l 3.902 +/-0.030

Reported
I Date +/- Err

0.454 +/-0.0834




University of Arizona Project: DOE - UURI
Isotope Geochemistry Laboratory Los Azufres, Mexico
Date of Report: February 23, 1988 Joe Moore

Sample Number
UAKA 87 242 Originator's - # 5 Andesite

Sample Information
Groundmass feldspar concentrate
Andesite, Michoacan

Analytical Data

$ Potassium Radiogenic Ar pm/g $ Atm. Ar Reported

Data Mean | Data Mean | Data Mean | Date +/- Err
1.189 1.195 2.791 2.827 84.4 84.4 1.364 +/-0.061
1.198 2.858 84.3

1.194 2.846 84.2

1.198 2.811 84.5

Sample Number
UAKA 87 243 Originator's - # 6 Rhyolite

Sample Information
Sanidine
Rhyolite, Michoacan

Analytical Data

% Potassium Radiogenic Ar pm/g % Atm. Ar Reported

Data Mean | Data Mean | Data Mean | Date +/- Err
7.359 7.353 1.533 1.672 83.1 81.2 6.131 +/-0.012
7.311 1.645 81l.1

7.389 1.839 79.4




- . L.
- University of Arizona

Isotope Geochenistry
Date of Report:

Sample Number
UAKA 87-198"

 Location.Information

Breitenbush-Austin area of

' sample Information
- Groundmass feldspar concentrate, basalt

AnalytlcalvData
-$ Potassium

Data Mean ],
' 9.678 8.674

8.674

9.670

Sample Number

_UAKA  87-199

: Locationllnformatlon

g T g

Breitenbush-Austin area of Cascade Mountains

Sample Information

Groundmass feldspar concentrate, basalt

_Analytlcal Data

$ Potassium
Data Mean f

8.738 0.731 |

5 pwrm o

January 11,

. G . — - - T - . AP W e W S WA e D N S M G SR Y e e W e e e A e W N A S G - - o

5 R i g s i £+ U g et g g

Laboratory

1988

Originator's - BHS-20.

Radiogenic Ar pm/g

Data Mean
7.9840 1.0602
1.041
@.985

Originator's -~

¢

Radiogenic'Ar pm/gi

Data Mean
1.993 1.858
1.887
1.729
1.823

W

Cascade:

Project: Oregon -

- /41‘6
lwﬂ/

George Priest

Mountains

% Atm. Ar
| Data Mean |
75.6 75.7
75.9
76.5
BHS-21

$ Atm. Ar

| Data Mean |
69.3 71.6
71.3
73.5 -

72.1

o mng e xE

B T T v T O VRS S

Reported
Date +/- Err

@.857 +/-0.060

Reported
Date +/- Err.

1.47 +/- 0.06




. Isotope Geochemistry Laboratory -
-Date of Report:

-Location Information

‘Sample Informat1on'

. Sample Number

.Analytlcal Data

R » | R
University of Arizona Project:

January 11, 1988
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Sample Number
UAKA .87-200

-Originator's - BHS-22
- Breitenbush-Austin area of Cascade Mountalns
Groundmass feldspar concentrate, basalt

Radiogenic Ar pm/g % Atm.

% Potassium Ar
Data .Mean | Data Mean | Data Mean ]
B 583 @8.573 p.665 0.649° 81.3 82.8
8.565 0.648 '83.6
0.572 - @g.611 84.0

@ 0. 82.3

UAKA 87-218 Originator's - przj
Sample Informatxon oo '
Groundmass feldspar concentrate, basalt

Analytical Data

- Radiogenic Ar pm/g' $ Atm.

% Potassium Ar
Data Mean- ] Data Mean ] Data Mean |
G 578 8.572 8.941 6.934 84.8 85.9
0.569 #.936 86.3

B.5706 ¢0.918 86.5

Oregon <
George Priest -

Geothermal

Reported
Date +/- Err

0.652 +/-0.045

Reported
Date +/- Err

g.941 +/-0.050

R s AL e e




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

March 26, 1987

Dr. Marshall Reed

Geothermal and Hydropower Tech. Divisions
U.S. Department of Energy, C.E. 324
Washington, D.C. 20585

Dear Dr. Reed:

We have completed the K-Ar analyses for your samples CP1
data sheet is enclosed. The dates are, as follows:

CP1: 102,000
CP2: 121,000

+ 56,000 years <4amolysas \
+ 71,000 years Sa/vm-\\|5e5 ¢

I will send an invoice to Ronald King and copies of
Joseph Smith and .Howard Ross.

Sincerely,

Paul E. Damon
Professor

hn

Enclosure

Xc: Dr. Joseph Moore
Dr. Howard R. Ross

& CP2. The

the data to




UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

January 27, 1987

Dr. Paul E. Damon
Department of Geosciences
Gould-Simpson Building
The University of Arizona
Tucson, Arizona 835721

Dear Dr. Damon:

We are transmitting under separate cover six rock samples
for age daing under your DOE grant. The samples were obtained by
Dennis Nielson of UURI as part of his geothermal studies of
Ascension Island, South Atlantic Ocean. We anticipate that all
samples are less than 1 Ma.

Enclosed for your information is a copy of an informal memo
from Dennis to me with estimated age information and a table of
previous age dates obtained from Ascension Island. We appreciate
your support in completing these age dates.

Sincerely,

Y d

Howard P. Roass
Section Head/Geophysics




To: H. F. Ross 1-26-87
From: D. L. Nxelgonz h e
Re: Samples for age dating

The following samples from Ascension Island,'South Atlantic
Ocean, have been collected for age dating.

AI-B6—-100 Rasaltic dike. This dike cuts rhyolite dome which is
representled by sample AI-86-107.

AI-86-102 Trachyte flow. Estimated age 0.6 Ma.
AI-86—-103 KRhyolite dike. Estimated age 0.5 Ma.

AI-86-104 Obsidean. Sample is from same unit represented by
sample AS-2 in the attached table.

AI-B6—-105 Forphyritic rhyolite. Estimated age 0.3 Ma.

AI-86-107 Rhyolite dome. Estimated age 0.5 Ma.




Table 3-11 K-Ar data for samples from Ascension Island

Moles/gm

Sample No. Material Dated Weight (gms.) 1 ARl (x10-1Yy  wardd  Age (m.y.) £ 10

AS-2 Whole Rock 1.01716 - 3.84 0.627 93 0.94 1+ 0.19

Al1-82-13 Anorthoclase 0.70031 5.40 No detectable radiogenic argon

A1-82-15 Whole Rock 1.05185 3.51 0.370 97 0.61 ¢+ 0.28

Al1-82-26 Whole Rock 2.03944 1.08 0.025 99,96 0.01 + 0.35
-0.01

Al-82-29 Whole Rock 0.70857 4,25 0.546 94 0.74 + 0.17

Constants Used:

xg = 4.962 x 10-10/yr,

A
€

0.581 x 10-10/yr,

K40/KTor . = 1.167 x 16-4 Mole/Mole

S. H. Evans, Jr., analyst




~ US Department of Energy
Idaho Operations Office
Idaho Falls, Idaho, 834062

PE Damon/ M Shafiqullah
Deparment of Geosciences
G-S Building #77
University of Arizona

Please make check payable to Tucson, Az. 85721
THE UNIVERSITY OF ARIZONA and mail to Department of

Analy51s of 1 K-Ar samples at $500 per sample

Ter besciced ) |

Leas Amours Wiiheld $ 1 UURI-#1 UAKA- 87 238

To,al Apprcggd 2. UURI"#Z UAKA -~ 87 239

Payment $ 3. UURI-#3 UAKA- 87 240
. UURI-#4 UAKA- 87 241
5. UURI-#5 UAKA- 87 242
6. UURI-#6 UAKA- 87 243

\Work covered by 6t incolse %ea peurbosrnd
3 coctorily fo the best of my knowledgs.

. oved M,MTotal $4250
Tod?:tm - -
Dete__ L/ 2/RF

Please return one aépy’ of invoice with your check.

Ay T STANDARD FORMS CO. - Phoenix - Nevade - Calif. - (602} 272-7927 [) ~ s M
\ . Twolee
R 211 . ZD 222 353770
:g\\‘ ) - P )
_\: : mﬁe\ THE UNIVERSITY OF ARIZON oyme:.t Act
Q ‘ , ) @‘ p Tucson Yﬂ D
A o ' INVOICE ' No [3J 46777
. ' Dus Duls ‘ 23-Feb-88
g Date 1313
Dr .- SshaleNtne- _Invoice No.____ R



THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

March 29, 1988

Dr. Joe Moore

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

Salt LAke City, Utah 841¢8

Dear Dr. Moore i
\
Enclosed please find K-AR data on your Los Azuf
Michoacan, Mexico., Sorry for the delay in send
I1f you have any gquestion about our analytical p
please give us a call. It was pleasure to work
project and we look forward to continued cooper

Respectfully,

ms%w

M. Shafiqullah |

Research Scientist

Copy to

Paul E Damon
Howard Ross

Ronand King

es samples from
ng you the data.
ocedure or data
n this

tive research.




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

|
DEPARTMENT OF GEOSCIENCES |
BUILDING #77 ‘
GOULD-SIMPSON BUILDING |
TEL. (602) 621-6024 |

March 29, 19388

Dr. Howard P. Ross

Earth Science Laboratory

University of Utah Research Institute \
391 Chipeta Way, Suite C 1
Salt LAke City, Utah 84108

Dear Dr. Ross
Enclosed are the data for Joe Moore's Los Azufres geothermal

area samples from Michoacan, Mexico along with [copies of letters
to Dr. Ronald King and Joe Moore.

Respectfully,

M. Shafiqullah |
Research Scientist |

Copy to

Paul E Damon
Joe Moore
Ronand King




University of Arizona Project: DOE - UURI
Isotope Geochemistry Laboratory Los Azufres, Mexico
Date of Report: February 23, 1988 Joe Moore

- ——————— = — A e M - - v e ) G - - D TR e W W G G tm me =

Sample Number
UAKA 87 240 Originator's - #3 Rhyolite

Sample Information
Feldspar concentrate
Rhyolite, Michoacan

Analytical Data

$ Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date +/- Err
4.088 4.055 6.441 6.344 73.4 74.4 0.902 +/-0.030
4.017 6.383 74.7
4.060 6.332 74.3
6.221 75.3
Sample Number
UAKA 87 241 Originator's ~- # 4 Dacite
Sample Information
Groundmass feldspar concentrate
Dacite, Michoacan
Analytical Data
$ Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date +/- Err
1.134 1.161 0.830 0.914 81.7 80.8 0.454 +/-0.034
1.168 0.867 82.3
1.181 9.975 79.9
0.967 80.4
0.938 80.1




University of Arizona Project: DOE - UURI
Isotope Geochemistry Laboratory Los Azufres, Mexico
Date of Report: February 23, 1988 Joe Moore

Sample Number
UAKA 87 238 Originator's - #1 dacite

Sample Information
Feldspar concentrate
Dacite, Michoacan

Analytical Data

§¥ Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date +/- Err
3.781 3.792 7.148 7.149 49.4 49.9 1.087 +/-0.025
3.830 7.150 50.0
3.766 7.160 56.0
7.137 56.0
Sample Number
UAKA 87 239 Originator's - #2 Andesite
Sample Information
Groundmass feldspar concentrate
Andesite, Michoacan
Analytical Data
% Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date +/~- Err
1.481 1.507 15,594 15.488 21.8 21.9 5.92 +/- 0@.14
1.537 15.539 21.6
1.504 15.330 22.2




University of Arizona Project: DOE - UURI
Isotope Geochemistry Laboratory Los Azufres, Mexico
Date of Report: February 23, 1988 Joe Moore
Sample Number

UAKA 87 242 Originator's - # 5 Andesite

Sample Information
Groundmass feldspar concentrate
Andesite, Michoacan

Analytical Data

$ Potassium Radiogenic Ar pm/g $ Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date +/- Err
1.189 1.195 2,791 2.827 84.4 84.4 1.364 +/-0.061
1.198 2.858 84.3
1.194 2.846 84.2
1.198 2.811 84.5
Sample Number
UAKA 87 243 Originator's - # 6 Rhyolite
Sample Information
Sanidine
Rhyolite, Michoacan
Analytical Data
$ Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date +/- Err
7.359 7.353 1.533 1.672 83.1 81.2 ¢.131 +/-0.012
7.311 1.645 8l.1
7.389 1.839 79.4




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

29-Mar-88

Dr. Ronald King

US Department of Energy
Idaho Operations Office

785 DOE Place

Idaho Falls, Idaho, 83402

Dear Dr King

I am writing on behalf of Paul E Damon who is out of State.
1 was sick with pneumonia for the last 2-3 months and Paul was
travelling quite a bit. Hence the delay in sending you the data.

Enclosed are the analytical results on the samples submitted
by Dr. Joe Moore for K-Ar analysis and the invoice. Each sample
was ground, seived to -100+150 mesh and the potassium-rich
mineral or composite fraction was separated by exploiting
shape, magnetic properties and/or density.

The analytical results were checked by Paul Damon before
release. Please remit the invoiced amount. It was a pleasure
to work on this project, we look forward to continued
cooperative research.

Respectfully,

T stedipedtol

M. Shafiqullah
Research Scientist

Copy to
Paul E Damon
Joe Moore




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

September 16, 1987

Dr. Ronald King

U.S. Department of Energy
Idaho Operations OFfice
785 D.O.E. Place

Idaho Falls, Idahc 83402

Dear Dr. King:

Enclosed are separate billings for six samples from the Ascension Islands
submitted by Howard P. Ross and two samples from Oregon submitted George
Priest. George Priest has already received the data sheets for his samples
and we are sending date sheets for the six Ascension Island samples forthwith
to Howard Ross.

We have now completed 10 of the 40 samples contcacted for under Modification
No. M001 to contract No. De-FGO7 - S861D12622. We will give high priority to
any samples submitted by DOE to fulfill the contract.

Sincerely,
S < :T:\\‘\»\

Paul E. Damon
Professor

PD:kw

cc: Howard P. Ross
M. Shafiqullah




University of Arizona Project: DOE-Ascension Island
Isotope Geochemistry Laboratory HP Ross
Date of Report: August 13, 1987 DL Nielson
Sample Number
UAKA 87-40 Originator's -AI-86-100

Sample Information
Groundmass feldspar concentrate, Basaltic andesite
Dike cuts rhyolite, rhyolite dome, UAKA 87-045

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data

Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean [ Data Mean | Data Mean | Date + Err
2.219 2.250 3.69¢ 3.108 68.0 68.6 0.80 + 0.0¢3
2.259 2.990 74.0
2.274 3.191 68.1
2.246 3.162 68.4
Sample Number
UAKA 87-41 Originator's -AI-86-102

Sample Information
Groundmass feldspar concentrate, Trachyte

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data

Potassium Radiogenic Ar pm/§ % Atm. Ar Reported
Data Mean | Data Mean | Data Mean | Date + Err
3.513 3.464 3.9¢€¢ 3.946 60.0 60.9 g.66 + 0.02
3.441 3.925 61.1
3.439 3.927 61.0

3.945 61.7




University of Arizona Project: DOE-Ascension Island
Isotopne Geochemistry Laboratory HP Ross
Late of Report: August 13, 1987 DL Nielson
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Sample Number
UAKA - 87-42 Originator's -AI-86-103

Sample Information
Rhyolite - groundmass feldspar concentrate

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data for Feldspar phenocrysts

Potassium Radiogenic Ar pm/g % Atm. Ar Reported
Data Mean ] Data Mean | Data Mean | Date + Err
2.795 2.752 5.471 5.474 78.2 78.3 1.15 + ¢.04
2.854 5.589 78.2
2.744 5.489 78.3
2.613 5.428 78.5

Analytical Data for Groundmass feldspar concentrate

~ Potassium Radiogenic Ar pm/g % Atm. Ar ~Reported
Daca Mean | Data Mean | Data Mean | Date + Err

2.664 2.6437 4,221 4.206 64.7  64.8 @.92 s B.03
2.629 4,246 64.5
2.670 i 4.188 64.9
2.612 4.169 65.1 !

Sample Number :
UAKA 87-43 Originator's -AI-86-104

Sample Information
Glass, Obsidean

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data
Reported

Potassium  Radiogenic Ar pm/g % Atm. Ar ‘

Data Mean ] Data Mean | Data Mean | Date + Err
3.968 3.915 6.732 . 6.746 24.6 23.9 | .99 + 0.02
3.919 6.746 24.2 i
3.860 6.733 23.6 |

3.823 6.772 23.3




University of Arizona Project: DOE-Ascension Island
isotoprz2 Ceochemistry Laboratory HP Ross
Date of Report: August 13, 1987 DL lielson
Sample Number
UAKA 87-44 Originator's -AI-86-105

Sample Information
Rhyolite porphyry

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data

Potassium Radiogenic Ar pm/g % Atm. Ax Reported
Data Mean | Data Mean | Data Mean | Date + Err
4.958 4.976 @.458 2.516 95.6 95.1 g.06 + 0.01
5.031 @.579 94.5
5.033 | @.511 95.1
4,894 @.515 95.1
4,965
Sample Number
UAKA 86-45 Originator's -AI-86-107

Sample Information
Rhyolite, groundmass concentrate

Location Information
Ascension Island, South Atlantic Ocean

Analytical Data

Potassium Radiogenic Ar pm/g % Atm. Ar. Reported
Data Mean | Data Mean | Data Mean | Date + Err
3.877 3.891 5.669 5.548 50.7 51.8 0.82 % 0.02
3.886 5.520 52.0
3.877 5.516 51.9




University of Arizona
Isotope Geochemistry Laboratory
Date of Report: May 30, 1987
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Sample Number
UAKA 87-21 Originator's -
Sample Information
Basalt - groundmass feldspar concentrate
Glassy pillow lava
USDOE~-funded geologic map project,
McKenzie Bridge Quad., Oregon

Analytical Data

Project:

DOE-~OREGON
George Priest
Ronald King

Potassium Radiogenic Ar pm/g % Atm. Ar Reported

Data Mean | Data Mean | Data Mean | Date + Err
0.350 0.385 | 1.462 1.446 | 86.9 86.9 | 2.35 + 0.14
0.3860 | 1.344 | 86.9 |

0.354 | 1.510 |] 86.9 ]

1.468 86.9
Sample Number

UAKA 87-22 Ordiginator's - HC-180

Sample Information

Basaltic andesite - groundmass feldspar concentrate

USDOE~-funded geologic map project,
McKenzie Bridge Quad., Oregon

Analytical Data :
Radiogenic Ar pm/g

Potassium % Atm.
Data Mean | Data Mean ]
0.7€5 0.762 | 6.707 6.563 | 83.9
0.754 | 6.575 | 82.4
0.743 ] 6.406 | 84.5
0.764

Data Mean |

Ar Reported

Cate + Err

v - - — o o o e s it e 0 s S o
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THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

March 26, 1987

Dr. Ronald King

U.S. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Fall, Idaho 83402

Dear Dr. King:

I have received notice of Modification No. M001 to Contract No. DE-
FG07-5861D12622 and the project is now active. We have completed
work on two Cerro Prieto samples for Marshall Reed and commenced work
on six Ascension Island samples for D.L. Nielson. In addition we are
working on several Oregon samples for George Priest.

The invoice for the two completed samples is enclosed. The data have
been sent to Marshall Reed.

Sincerely,

Paul E. Damon
Professor

hn
Enclosure
Xc: Howard P. Ross




UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

February 2, 1987

TELEX: 2291 INE ED

Ing. Franklin Carrasco
Director Ejectivo

Institutio Nacional De Energia
Quito, Ecuador

In response to your TELEX of 01/28/87, it is possible to receive
free age dates for a maximum of six samples of young (less than S
ma old) volcanic rocks through US DOE geothermal program. Each
labeled sample should be 10-12 kg of fresh unweathered rock. The
lab will separate plagioclase out of groundmass here.

Ship samples directly to: Dr. Paul Damon, Department of
Geosciences, Gould-Simpson Building, Tucson, Arizona 83721 USA.

Include list of samples with estimated ages and note that age
dating was authorized by Dr. Howard Ross, UURI.

Please ship samples before 4/01/87 and send TELEX to me when
samples are shipped.

Sincerely,

Dr. Howard Ross
University of Utah Research Institute

GRAPHNET 3789459 UNIV UTAH SLC




UNIVERSITY OF UTAH RESEARCH INSTITUTE

UURI

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

March 11, 1986
MEMORANDUM

TO: Howard Ross
FROM: Duncan Foley
SUBJECT: Collection of Samples for K-Ar Dating

Several preliminary questions need to be answered before geologic samples
are collected for dating by K-Ar methods. The goal of the dating program must
be identified, and the samples must be selected appropriately to meet that
goal. A program to establish geologic ages of rock units will require differ-
ent samples than a program to establish ages of alteration episodes or thermal
events,

For young volcanic rocks, Paul Damon at the University of Arizona sug-
gests the following procedures. Only fresh material should be collected.
Remove all weathering and, if possible, collect massive rather than fractured
portions of units. For basalt, this means that the middle of flows, rather
than rubbly flow tops or bottoms, will give the best rseults. Damon separates
plagioclase out of the groundmass for dating basalts. In rhyolitic units, he
prefers to use potassium feldspar with good crystal face reflections, espe-
cially sanidine. These procedures are undertaken to minimize contamination by
atmospheric argon, as such contamination could totally obscure the small
amount of radiogenic argon generated in short geologic times.  Other K-bearing
minerals can be dated, but they may not give reliable results for young units.
Damon has found, for 1nstance that biotite, which is often used in K-Ar
dating programs, may contain s1gn1f1cant amounts of excess argon.

The amount of sample collected will, of course, be dependent upon the
amounts of K-bearing minerals in the various rocks. No general rule applies,
but 10 to 30 1bs (5-15 kg) may be needed. It is always best to err on the
side of too much sample. )

An additional requirement is to estimate the age of the sample. This
will allow Damon to estimate the amount of sample that will be loaded in the
mass spectrometer.




UNIVERSITY OF UTAH RESEARCH INSTITUTE

RI

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

December 9, 1985
MEMORANDUM

TO0: Marshall Reed
Peggy Brookshier

FROM: Duncan Foley
SUBJECT: University of Arizona Dating

The time is fast approaching for us to make some fundamental philosoph-
jcal decisions about the handling of the Arizona dating program. We need to
identify the 40 best samples for dating, and make sure that we are fair to all
researchers who might be interested in using this service. We will need to
establish procedures to decide who gets what dated, which I hope we can keep
at an informal level.

We can inform people of this service either through phone calls or
letters. The following people and programs might be contacted:

State Coupled Program teams

Cascade researchers

- Magma researchers

- Ascension program

Cooperative work with Mexico

Industry (for samples that are otherwise unavailable which would
add to DOE programs, e.g. Union or others in Long
Valley, etc.)

If researchers are interested in having sample(s) dated, we should
request brief statements of the importance of each sample to their program,
the anticipated age of the sample (hopefully younger than 500,000 years), and
a sample description including, if possible, mineralogical and chemical analy-
ses, and how many minerals in each sample they would like dated. We should
also request other appropriate data to evaluate the datability of the samples,
to be able to develop priorities.




If fewer than 40 samples are identified, we will be able to date them
all. If more than 40 are suggested, we may wish to prioritize them and date
the top 25 or 30, and save the rest of the dates for the field season next
year. I have listed potential samples below. Many more probab]y exist.

I will call you for feedback on these thoughts.

/

DF/Jp

Potential Samples for University of Arizona K-Ar Dating

State Coupled Program
Oregon (George has 5 or more samples)
Others (Alaska, Hawaii, New Mexico, Utah, etc.?)

Cascade Program
Possible samples from areas near drill sites, or other areas (Medicine
Lake)

Magma
Long Valley, Coso, Black Butte, others

Ascension
Dennis Nielson has several samples to be dated

Mexico
Cerro Prieto, Los Azufres

Industry
Long Valley, Newberry, Medicine Lake




THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721

DEPARTMENT OF GEOSCIENCES |
BUILDING #77

GOULD-SIMPSON BUILDING
TEL. (602) 621-6024

January 29, 1987

Dr. Howard P. Ross

Earth Science Laboratory

University of Utah Research Institute
391 Chipeta Way, Suite C

Salt Lake City, Utah 84108

Dear Dr. Ross:

I have enclosed ten specimen information sheets for the samples
that you are sending and for the two sent by Marshal Reld (CPl1, CP2).
We need to know an estimated age to adjust our 1sotop1c spike and
sample weight for optimum measurement conditions.

Also enclosed is a Xerox copy of my letter to Ronatd King requesting
extension of the financial assistance award for an additional year
at no extra cost.

Sincerely,

Paul E. Damon
Professor l

jo |
Enclosures




UNIVERSITY OF ARIZONA DEPARTMENT OF GEOSCIENCES

LABORATORY OF ISOTOPE GEOCHEMISTRY
SPECIMEN INFORMATION PAGE 1

(8/76)

U A =
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7 Project name
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Cost
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UNIVERSITY OF ARIZONA DEPARTMENT OF GEOSCIENCES
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TELEPHONE 801-524-3422

March 11, 1986
MEMORANDUM

T0: Howard Ross
FROM: Duncan Foley
SUBJECT: Collection of Samples for K-Ar Dating

Several preliminary questions need to be answered before geologic samples
are collected for dating by K-Ar methods. The goal of the dating program must
be identified, and the samples must be selected appropriately to meet that
goal. A program to establish geologic ages of rock units will require differ-
ent samples than a program to establish ages of alteration episodes or thermal

events. .

For young volcanic rocks, Paul Damon at the University of Arizona sug-
gests the following procedures. Only fresh material should be collected.
Remove all weathering and, if possible, collect massive rather than fractured
portions of units. For basalt, this means that the middle of flows, rather
than rubbly flow tops or bottoms, will give the best rseults. Damon separates
plagioclase out of the groundmass for dating basalts. In rhyolitic units, he
prefers to use potassium feldspar with good crystal face reflections, espe-
cially sanidine. These procedures are undertaken to minimize contamination by
atmospheric argon, as such contamination could totally obscure: the small
amount of radiogenic argon generated in short geologic times.  Other K-bearing
minerals can be dated, but they may not give reliable results for young units.
Damon has found, for instance, that biotite, which is often used in K-Ar
dating programs, may contain significant amounts of excess argon.

The amount of sample collected will, of course, be dependent upon the
amounts of K-bearing minerals in the various rocks. No general rule applies,
but 10 to 30 1bs (5-15 kg) may be needed. It is always best to err on the
side of too much sample. i '

An additional requirement is to estimate the age of the sample. This
will allow Damon to estimate the amount of sample that will be: loaded in the
mass spectrometer.




