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Southland Roya!ty Compamy

June 4, 1979

Mr. Bill Haskins-
"Haskins-Pfeiffer -
1449 Denver Club Building
. Denver, CO 80202 )

" Dear Mr.:Hasklns:

_ Attached is the information provided by the Department
of Energy for the seismic survey that they propose in
- Dixie Valley, Nevada. I am also énclosing a map of the
area indicating the suggested locations of the selsmlc.'
lines. : -

_ I will be talking with the Department of Energy later
today to see if they have a written indication of what

geological information they hope to obtain from this survey
I will forward this information or ask them to forward it to
you directly in the near future. - '

The'one thing I failed to mention on the phone is that
they must have the funds committed to this project prior
to September 30, and their hope is that the final report
can be done by then.

Please advise me as soon as you can on what your total
price would be to supervise this survey and to prov1de a
~ completed 1nterpretatlon of the data..

‘S;ncerely yeurs,
| Jere Denton

- // District Manager
" Natural Resources -

JD/ji -
attachment -

cc Howard Ross, Univ. of Utah~/
Joe Flore, DOE, Nevada

1000 FORT WORTH CLUB TOWER (817) 390-9200 FORT WORTH, TEXAS 76102



RECOMMENDATIONS: SURVEY PARAMETERS

Barring very special conditions unique'to‘a particular area, the pénel of con-

sultants feels fﬁat future surveys specified by DOE to contractors should meet
the following general design paraméters for the field procedures:
VIBROSEIS or dynamite source ' '
2400% coverage B -
110’ groupbspacing -
-12 geophones/group minimum_
%]12-60 Hz sweeps
%16 sweeps minimum
#10-20 sec sweeps _
L sec records, mihimum o  #VIBROSEIS crewAi
Processing is the key to success‘in'fhe complex problem .of geothermal séismic'data,

and a knowledgeable seismologist must interact with those doing the processing.

The minimal product from the survey must be processing through migration with the



5. ?

standard processing package, but with partlcular'attention"to the velocities

determined and used in the migration routine. Static corrections must be:treeted ' :
with special care.' The expenditure for data processlng in @ geothermal survey |
‘w1ll be a relatively larger fraction of ‘total cost than it is for reflection

surveys in petroleum exploratnon. ' o

It is vital to sensmlc exploration technology to evaluate the effectiveness of:

- imaging techniques in reservoir detect:on and in such surveys the following field
lparameters should be specified as general guidelines:

6 x 8 array, regularly Spaced (48 channels minimum)
110! intervals

‘18 element geophone cross (4.5 Hz) S .
Jocation approx. 0.5-1.0 mi from surface point above eXpected reservonr

" large dynamic range recordlng system (80 dB+) ”

Such a modnfncat:on, termed FKI here (for frequenCy—wavenumber imaging), should be.
_incorporated in a CDP survey in lnstances where we have a great deal of other’
geologncal/geophysncal data, where lnterference from cultural sources (drllllng,

“traffic, towns & industry) is very low, and, particularly, if ‘we have evidence

for seismic activity near the potential reservoir, though thls last requlfement"

" should. not preclude such a survey if the other two conditions are satisfied. The | !
NDOE program can make a substantial contribution by encouraging a few FKI surveys

in épprOpriate situations as add-ons to CDP surveys. As an add-on such a survey

is quite inexpensive. . . R o ' o : .

_Details of the line or array geometry in a survev wlll-neturally depend on the'oar—
tlcular s:te, although some general gu1del|nes should be followed. These are based

on the goal of the DOE stlmulatIOn belng demonstrating utility of the methods, or

lack of utllnty, in 5pec1f|c cases. Demonstration implies mapping capabilities for
' ‘structure and faultlng down to at least 4000', in the viclnlty of the suspected
reservonr. Consequently, dense coverage is not needed. In most'Basin ETRange '
cases, three lines at most should suffice, with a total coverage of less than 20 N
line miles. Evaluation of the FK! process requires'only one setup at a prospect*— |
Spectacular results will insure subsequent evaluation and DOE will have accom- o
_plished its goal.:i A ' '

’hCost estimations: .

'CDP Profiling. The above specifications of 48 points/mile will allow 3
1.5 to 2 miles per day, at best, for a cost, at $7500 per day
(including processing), of $60K-90K for a typical 3-line
{(two @ 6 mi, crossed by a § mi line), 16 mile survey.

FK! Surveying. As an add-on, this aspect of the field effort amounts to - | , i
: no more than one day's work, and consequently will add
less than $10K to the total survey cost.
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Dixie Valley. This prospect received high priority because of its status

as a high potential area based on much existing data, inc]uding‘the reported |

dry steam found in. the Sun well. 1t offers also the opportunity for a full

 case history on a classical RFF type structure, a situation‘promising'adequate

"seismic data on the basis of results at San Emidio and Leach (see P- 3). The
field geometry sketched below represents that typica]ly required in.the RFF
esituation.’ It is important that both dip lines be shot and that they be

tied by the cross line, in order that mapping quality and consxstency can be
'ascerta:ned and so that the data. can be compared to well ‘data. The |mportance
of acquiring all the lines is emphasuzed here because the lease sntuatlon

- Jooks messy, and the tendency may grow to compromnse the survey.r Under no
‘circumstances should the proposed survey be feduceduto less than two lines,
‘one down¥dip and a cross line in the valley east of the RFF. - The details of
the‘Survey are to be as specified above for CDP profiling. FK! is not
recommended. for Dlee Valley at this tlme because of lnterference con51derat|ons
‘from wells. 1In 2ll, the recommendatlon is for two 6-mile Ilnes Spaced 2 miles

~apart and crossed by a 4-mile llne on their eastern.segments.
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Southland Royalty Company

May 30, 1980

Mr. Joe Fiore

Department of Energy
Nevada Operations Office
P.O. Box 14100

Las Vegas, Nevada 89114

Dear Mr. Fiore:

This letter is to update you on the Dixie Valley, Nevada seismic program
being conducted by Southland Royalty Company.

Haskins-Pfeiffer contacted Southland and indicated they are going to
begin processing the data today. We discussed the following processing -
parameters to be used: :

5" /second horizontal scale

16 trace/inch vertical scale
Flatten the data to 3,300' reference surface
Correctional velocity of 6,000'/second to be used

Discussions with Amoco Production Company of Denver indicated that the
data should not be heavily "band-filtered" on the high end as a distinct loss
of resolution of faults occurs. The sections also show a hlgh degree of

"ringing" in the presentation when this occurs.

‘Western Geophysical will be doing the processing. The first QC sections
will be available in ten days to two weeks. After a review of the QC sections,
processing to refine the data will be taken to filter and migrate the data
into final form.

The seismic crew has completed approximately eighteen miles of seismic
lines in Dixie Valley. A bend was caused in the section in T24N, R37E near
Lamb's Ranch due to large boulders being present. The Carson City BIM
office was reluctant to allow this area to be bulldozed to remove the boulders
and pernat the equipment to pass.

1000 FORT WORTH CLUB TOWER (817) 390-9200 FORT WORTH, TEXAS 76102
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Page 2

If you have any questlons concerning the above data, please feel free

to contact our office.

DSM/dcs

cc:,‘ oward P. Ross
- University of Utah Research Institute

Jere Dentdn, District Manager
Natural Resources Department
Southland Royalty Company

Sincerely yours,

Dennis S. McMurdie
Geothermal Geologist .
Natural Resources Department
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Southland Royalty Company

October 24, 1980

Mr. Joe Fiore
Department of Energy
Nevada Operations Office
P.0. Box 14100
Las Vegas, Nevada 89114
Dear Joe:
Enclosed is the report on the seismic survey conducted in Dixie Valley.

Sincerely yours,

e AT

Jere Denton

District Manager

Natural Resources District
JD/dcs
Enclosure

Cc: Howard P. Ross-

Received , 1980

oy :

. 1000 FORT WORTH CLUB TOWER (817) 390-9200 FORT WORTH, TEXAS 76102
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~ Southland Royalty Company

May 8, 1980

Mr. Joe Fiore
Department of Enerqgy
Nevada Operations Office
P.0O. Box 14100

Las Vegas, Nevada 89114

Dear Joe:

Attached is the seismic layout which I described to you on the phone
before my recent trip to Washington. As you can see, the basic northeast
southwest trending line would intersect Dixie Federal 66-21, pass just
west of the Sun wells, and just to the east of the Senator Fumaroles.

The southern most northwest southeast trending line would also intersect
Dixie Federal 66-21 and presumably intersect the basin bounding fault

on the west side of Dixie Valley. This line is unfortunately only two
miles long because of the Humboldt Salt Marsh. The northern most of the
northwest southeast trending lines would intérsect the location of
temperature gradient hole SR-3 on which DOE will receive downhole informa-
tion, will intersect the northeast southwest trending line and would
presumably intersect the basin bounding fault as well. :

In addition to the information which I am enclosing, I should mention
that based on Southland's single level aeromagnetic survey over this area
it would appear that the long seismic line would start on the southwest
end in a horst block, would cross a small graben, return to a horst block
on which the Sun discovery wells are drilled, cross another graben, and
end up on a horst block. ‘

I believe this program would .allow us to not only intersect the basin
bounding fault with subsurface control from our deep well, which was the
initial objective of the program, but also give us some idea what is the
source for the Sun production and the Senator Fumaroles.

This program as is presently laid out should be capable of being

conducted without special equipment that would have been necessary if the
survey had been done in closer proximity to the Humboldt Salt Marsh. '

1000 FORT WORTH CLUB TOWER (817) 390-9200 FORT WORTH, TEXAS 76102

)
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If this proposal is acceptable to you, I would appreciate a contract
modification being made so that I can proceed in securing a geophysical

contractor.

’

JD/dcs
Attachment

cc: Howard Ross .
-~ University of Utah Research Institute

Sincerely yours ,

/ Jere Denton

!

: / District Manager
" Natural Resources Department
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. Somhland Roya!ty Company

March 6, 1980

. ACION__ZA2
Mr. Jim Cotter 1)/)/ o | -~ INFO S

Department of S ' ’ ‘ » R.F. } .
Nevada Operatichs Office : ' T )

P.0. Box 14100 | | AR e
Las Vegas, Nevada 89114 o X , AM . &~ "'_f::_dh
' ' AND

Dear Mr. Cotter:

Attached you will find a report from the Mackay Minerals Research
Institute regarding its subcontract with Southland Royalty for work in
Dixie Valley, Nevada. This report covers the events from Decewber 1 through
the end of February and discusses problems which have resulted in the delay
of the delivery of the original report and will apparentlv delay deliver ry of
the supplemental contract report. I believe that a sincere effort is being
made to come up with the best possible reports and that in the long run this
is more important than adhering to a precise time schedule. Nevertheless, I

have repeatedly stressed the importance of timeliness to this technical growp.

I should also like to report that drilling of the first of the two 1,500’
temperature gradient holes under cur contract was completed on February 14.
This hole was located in T25N R37E, in the MNW/4 of Section 32 near the Sena-
tor Funaroles. The first logging of this well has heen completed and the

 temperature at 1,470' was 198°F. It is currently anticipated that tvwo more
holes will be drilled by Southland in this part of the valley before the rig
is moved to the east side of the valley to commence the second hole under the
DOE contract. The reason for this is largely related to the timing of deci- -
sions which will be made about the Clan Alpine Mountain Wilderness status.
It is currently expected that some de0151on on this area may be forthcoming -
approx1mately May 1. _

I have received Joe Fiore's memo dated March 3 with respect to the supple—
mental contract for the reflection seismic survey . A1l three of the attached
optlons, ignore the fact that line "B" which is the northeast/southwest trend-

" ing line, cannot be performed because the Humboldt Salt Marsh intrudes into
the area with its closest proximity to the old Stillwater Fault being in Section
26, T24N R35p. Thus, that segrment of line "B" running from acprox;wataly the
east edge of Section 1, T23N R35E to the western edge cf Section 28, T24N R37E
would encounter the problems which have already been discussed. We are pres— -
ently reviewing internally the possibility of running the northeast/soutlwest
trending line to the north from Dixie Federal 66-21 across lands in the ,
vicinity of the Sun 0il geothermal discovery and into the vicinity of the

1000 FORT WORTH CLUB TOWER (817).390-9200 FORT WORTH, TEXAS 76102 '_
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Senator Fumaroles. We would then contemplate another tie-line running fram

~ the mountains to the valley in approximately the vicinity of the Senator

Fumaroles., - It appears that a crew may be available to perform the work this
summer ., : , A

This week Southland was able to trade some information to Zmoco for
seismic data they have in the valley. We will have to evaluate seismic
quality as a function of the shot parameters which were used by them. Once
this is done, we should be able to advise you further as to the viability of

. this project. '
Sincerely yours, .
Jere Denton
!/ District Manager
Y Natural Resources Department
SCUTHLAND ROYALTY COMPANY
JD/dcs

Attachment
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South!and Roya!ty Comp.any

'pflﬁva;€orc[
February 6,‘1980

Joseph N. Fiore
Project Engineer
‘Geothermal Branch
””Energv Appllcatlons Dlvwslon
‘Department of Energy
Nevada Operations: Office
" P.0O. Box 14100
.. Las Vegas, Nevada 89114"

Dear Joe:

I have received your memo of January 28th,'with respect to
drill hole access for experimental seismic measurements. I
“would very much appreciate it if you would ask the USC
investigators to contact me.

TE,_also, talked this morning with the geophysical contractor

4 . in Denver. He indicated that they have a quote from CGG, but
s Lhis | that it seems extremely high. He is'wondering if primacord
! ' ; ting
yizhle e | would be an acceptable alternative, He believes there is a type

gHﬁﬁhﬁh” of plow available from Ditch-Witch which could be used for

Jor /"3t ,| 'Plowing the primacord in.to a depth of approximately 30 inches.
se”” \sllef| He believes this would leave some air blast problem but, that it
Dix! at ‘would be mlnlmal ‘

I would appreciate it if you would discuss:the‘primacord alternative
with Howard Ross or the Idaho-:lab people. Short of that, it appears
that additional funding would be necessary to proceed w1th the

_CGG b1d
: p, ,@J ? o  ‘ Sincerely, ) 7 P
o ,
o v. (}"{z“/ /Z’Z’ Z’b | | —
"V T W ch/ n o / Jere Denton B ' Ag:";;fjgﬂ & A 4>

“}ﬁWﬂybﬁ’éﬂﬁd/ '. District Mana ! :

ger : oy e = o i REIPET
?}CﬁgﬁdZyv'/QCL}?,ﬁ%%@Wszi;W Natural Resources Department S ' ‘
M;@&; M . SOUTHLAND ROYALTY COMPANY O

- JD/rxr

\&

1000 FORT WORTH CLUB TOWER (817) 3§0-9ZOO FORT WORTH, TEXAS 7.640'2
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UNIVERSITY OF UTAH RESEARCH INSTITUTE

UURI

EARTH SCIENCE LABORATORY

420 CHIPETA WAY, SUITE 120

SALT LAKE CITY, UTAH 84108
TELEPHONE 801-581-5283

| Fb 22 1980
. bseph M. [Fere |
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Hatural Resources Jepartment -
Southland Revalty Cﬁmﬂany
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&ear ﬂr. Seﬁten. f.wf ‘_; . T hvﬁ_f
T
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He hava»rav1a sed . ih; ﬁaa pid far ‘the. subject survay and eoncur with
uur-det§rm1natwen Zhat the grntaseﬁ costs. are unveasopably high.
Additional funds to sapﬁlnn“nﬁ the $119,000 currently authorized under
the ‘subject cortract are not avai!abie. »1f2fan&¢ were available, it -

- is5. doubtful whe%her the Government could Justify additional expenditures

for the vork ia 1 gﬁt of. tha asnareﬁt uargayan ,}enuvs uf the proposed

T . . B . . . S
o . . ; L f
& r

. Tha 3ﬁ3vevsity of Utah ?asearcﬁ Ivsti?utﬁ {&u?I) ﬂas ‘reviewed t%ﬁ o
. &alternate prwuacuru method and-doéds not recommand its use bacause of
(1) surface waves which could result in excessive noise levels, and

{2) iuaﬂi11ty to transfer enough energy Lnraugﬁ the alluvium for adequate

- reflections from beyond 4,000 ft. UURI has suggested 2)ternate Tocations
. for the reflaction seismic survey to aveid the salt marsﬁ, thus allowing
. 'the use of conventional dynamite source or Vibroseis technigues. A

- TRp shuwing the alternate locations as options 1-3 i3 attachad for your .

review. If these-options still present the same problem, perhaps yeu o

 can suggest an add1tacﬁal oﬁtioa for final consideration.

“Iw the interest of the tvploraiisr Tec wnology Pvegraw pbiectives, it

is desirable to ﬂcn;1e%e the sefsmic work by September 3ﬂ Y989, If,

dn your analyses, such is not possible in Iignt of %ha.tcchnicai and

cost caﬁsideratians associated with the subject survey, the ﬁavernwant

‘»u'wxll censxd&r uti?iz1ng the Lurrant?j eblIgataa ?unds for other work,



| cc w/a encl: -~ -~
o R.AL Gray, DG i, HQ, RA- 33,-w5~a34& ol
- b, H P. Raas, UHRI Salt Lake f1ty, diaw;~-‘

Wr. Jere Denton T e e

T He agpraciata jour effsris in attﬁmpting to rgsalve the prableﬂs _

associated with the proposed seismic work and will await ycur rasaonse

prior fo init?at1nq any contractual. actvons. o

‘%1neerm7y,- -
' :Ongmal- Signed: 7b;y T
2+ J, N. FIORE -

' ;'Jaaap% R. Fiove,- Pregect Eng11cur .
" . Geothawmal Branch :

e E&SEQ&FQZSE !Q}i.7  '2.: f ;;f ernergy Applications ﬁi%iswon “

nc?osure"
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Southland Royaﬂty Company

L ‘Ju,ly_‘.‘i24,f5'1’9_79_ .

‘ J'Mr Joe Flore _ -
.. Department of Energy A
Nevada Operatlons~0ff1ce

P.0O. Box 14100

QLas Vegas, Nevada'.89114

‘TﬂDear Joe-:_fyf“*“*“-~

Enclosed 1s a map show1ng the seismic proflle lines I

_foutllned to you on the phone. I have shown the lines in red
“on the aeromagnetic map based on the second multi-level »
“aeromagnetic survey. I have put green circles on the map at
- each point where the proposed seismic lines. cross,-what are
. believed to be fault lines based on this aeromagnetic survey.

T have also indicated that the seismic lines will intersect

. both of the deep geothermal test wells'being drilled under .the
. DOE Cost Sharing Program. It may also be of interest for you

to know that the north end of ‘the long seismic line will also,

- by coincidence, intersect a Republic Geothermal gradient hole

which was drilled to approximately 1,800' and which was very
warm. We have traded Republic for the information from thlS
well and they have indicated that we may use the data in

discussions with Unlver31ty of Nevada but we may not release

- the data in any part of the geothermal case study on D1x1e
t'.‘Valley. : L : , o

Your comments,'and Howard' s,'on thlS approach would be

'most appreciated. After a fair amount of internal review, it

appears to us to be the best program for cutting the northedst
trending faults and their offsets and 1ntersect1ng the well

‘bores, while at the same time, recognlzlng the inherent constralnt ‘
of the Humboldt Salt Marsh. ' ~

"~ Best regard

Jere Denton
District Manager
. ... - . . Natural Resources
; . SOUTHLAND ROYALTY COMPANY

JD/jl . o ‘
cc Howard Ross, - Uan..Of UtahJ

1000 FORT WORTH CLUB TOWER (817) 390-9200 . FORT WORTH, TEXAS 76102 -
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UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
420 CHIPETA WAY, SUITE 120
SALT LAKE CITY, UTAH 84108

TELEPHONE 801-581-5283

September 7, 1979

Mr. Joseph N. Fiore

U.S. Dept. of Energy/NV0
P.0. Box 14100

Las Vegas, Nevada 89114

Dear Joe;

Enclosed is the only "hard" cost information on these geophysical survey
costs that I've been able to develop on short notice. The local manager for
Scintrex, Inc. is away for a week but may call back with verbal quotes I can
transmit to you later.

It is our experience and a general feeling in the mining industry that
“Mining Geophysical Surveys of Tucson is the most efficient, best quality
resistivity/IP contractor. I believe the Terra physics group is well regarded
by industry for self-potential work. I will try to supplement the enclosed
information by telephone next week. _

Regards,

Foueard

‘Howard P. Ross
Project Manager -

HPR/hmb

Enclosure



E1éttrica1 Resistivity Survey Costs - dipole-dipole

1) Mining Geophysical Surveys, Inc., Tucson, Arizona

Actual survey costs, Cove Fort-Sulphurdale, September 1978 :
6 Yines 1000 foot d1po1es, read to n=6&7; 1 1ine=2.65 line miles
(IP readings included on 1/? 11nes, nrobab]y added 1000 to survey
COSt) PR S

Total Cost = $9,881.42 for aCtua1 19 7 line miles
-Mobilization - Demob111zat1on from Tucson to Cove Fort, Utah
=$480.00
-Estimated cost per line mile, 1000 foot dipoles = $477.23

2) Applied Geophysics, Inc. Salt Lake City, Utah

Yerbal cost information from Harold Dallon, Sept. 7, 1979 - as a rough
cost estimate; 5-man crew cost.

Two to four days per line, conventional seven spread, 1000 foot
dipoles. May not be able to read n=5,6 with their 7.5 Kw
transmitter. .

1 1ine = 2.65 line miles; $750-$1000/day

Thus $1500-4000/1ine = $566 to $1,509 per line mile
-Mobilization/demobilization to Lovelock, Nev. from SLC = $60
-Estimated cost per line mile, 1000 foot dipoles = $566-1,50 §

3) Scintrex, Inc., Salt Lake City, Utah -
-Verbal estimate Jack C. Webster Sept. 14, 1979
Crew cost $700-750/day for 1000' d-d; avg. 1 mile/day; 2-3 days per

1line. 4
-Thus estimated cost per-day-line mile, 1000 foot dipoles
= $700-750.
-MoBi1izat on/demob111zat1on to Love]ock Nev. from SLC = $800 each
way.

Self Potential Survey Costs

1) AMAX Exploration Inc., Tuscarora and McCoy proposals
May 1978
112 line miles (=180 line-km) 8100-200 meter spacing estimated 1200
readings at $16,000.
-Estimated cost $142.86 per line m11e @10 7 readings/mile average
-Mobilization costs i1ncluded in above or borne by AMAX.

2) Terraphysics, Richmond, CA.
Beowawe, Nevada survey for Chevron, 1977
30 line m11es @100m spacing plus f111 in @25m at a total cost of
$16,297.
—Estimated 1ine mile cost $543.23
-Mobilization/demobilization incTuded in above.
- 3) Applied Geophysics, Inc., Salt Lake City, Utah _
: Verbal cost information from Harold Dallon, Sept. 7, 1979
rough cost estimate; 2-man crew '
: Est1mate based on one—ha]f crew costs for a resistivity/IP crew, thus
$375-$500 per day; for 40 line miles at a spacing of 500 feet, about
425 readings or 11 per line mile Dallon estimates 1 1/2m11es per
. day: This is slow for 11 stations/mile!
- -Estimated Tine miTe cost $187.50 to $333.33

-Mobilization/demobilization cost to Lovelock from SLC = $600.




4) Scintrex, Inc., Salt Lake City
Verbal estimate from Jack C. Webster, Sept. 14, 1979
Two man crew at $350-$400 per day; 1.5-2.0 miles per day at 300 to 500
foot station spacing.
-Est1mated line mile cost =$175-$266.
-Mob111zat1on/demob111zat1on cost to Lovelock from SLC = $400 each
way.
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o-4130

4130-%230

HY230-4300
qd300- Y440

DIXIE FEDERAL 66-21

GENERALIZED LITHOLOGIC LOG
E'y
Bruce Srsbbett

Alluvivm, coans€ gravel , poor sorfing, subrounded
to angular /.uzAL/es' 7% cobbles of mixed [grecws
liflra/aj/'e;, mosFh felsTe clast From ana&s/_fe b
(alTe f(ava Fows. R Few clas? oF dorife, mudsione
and Cut¥F also /yxe.senz'.

Matvix malerial /Oaarﬁf r-a/ures.e,ﬂfec/ n cafings
bt ;s Fre sand To 5.7 and madslone wFh
calcr/e cement.

The a/egree_ o [lithifricalion na—f&xs‘/éf
| delevmined From € alings. /drgédéé/ 7,,4;/,”-/3
7 Cowj/omeraé ] c/e/aﬂ) bt 56,,,2',4/4/
break s arowuned clas?’ and Mafr/x mas7hy
e/:"ra_gyne;uzfeq/ é/ dyillng.

Clas? ave vavyrably a//erEq/) je)fer—4/4r
altevaliby apgpears 7 ,ore-a/ot/eL a/evas///c’on-
Limon,/te = A/'n/‘{zjr ,o,;e.s_en:r ﬁrm_g/z entsre
a//uw‘n/ Seo&,- ‘ .

/”/e)naxf/{'/.e S/a?fn/'ﬂj, ahQ/ C,A/or/—/? /)70’? 4éan&/ad
near the /3/9 oF the allaviwn (740~ 500°).

A Few cA,}as o ?«ecw&r /re/;/ajé’/é 7/,—0&444/
c/.a?‘,,-,‘a/a/; are présent The alluvian.

V7%

No nolrable warker horrZons (-eyz‘a/e/n}f.

The cavlg/amera:/c mﬁy graé’é % a veleano claste

Sequenc& th the [ow er /Jay-‘f.

Clay 4 pink % recl, probably alfered 7ufr
”W’éea/a/ea/ 14//)14 LUAI-/Z F/ec'éf Z _S‘f/afc.égs

wﬁ;‘zA ¢ -
Gram’//'c s ”;aﬂé”_‘é/%‘@/ffj;;/- 7‘:6&/5/04 ve er 260//fef.

Mixed Volcanrc with andes T 7
Yj{‘/d/?f'c Frackon and clay (o Yt )y hemallle.

litbo /07/65'
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Y300~ YEYO

4440~ s00p

Looo-5250

5300-~-Q 20

£o20-6560"

£540-6830

6830- 7760’

7/60—-7 340"

73640~ 7500°

7 500~ 7570

7570- 97807

»El0-91/0"

v - T LT ——r e N — -

‘/2‘4/&’24 'I/D‘caﬂl:‘cff ’/,'f'éo/oj/'es' b auq/e 5,‘7,‘2 Ve

r‘f\)/a//'%'c frackom aund cloy falt tatr), hewalZ.

Moy ée (lows or Voleanric Arecc/‘a,/omé. Texlrary.
Basast fé:"‘éynale S’/'?é lava oo s. or m7rusives.

No vesreles or lw lexture evideat.
Cemént and LAt sugges? wiajor los? C/r.

Zone, probable awlt.
Dacite 7o Latle T Llack );O—ea('s m a whife maZvix .

Botre Honwzoni’e //'jéz‘ Groy 3 Zmm are cr/r?ﬁ}/ s/ze.
/(—feé/ifa_r more tThan plagroclase , bioZte ~ 62
chlori’e ~92Z (alt éio,) ep/dole 2-3%, hornblendt
2% , dpogues 2 %%, mapnelile present. -
Chlovite aud e/pfaé?é os? abundant 5600'— 6200’
Guaprlz veintelts & a/a//'ke c//x{ex Séop'- 5&oo0’.

May be Tertrary or part off Jurass;ic /o.'/Da//'f/(-

Brotde Quadz Alonzonsje s Same as mowzoniTe
above excepl conlains ~207 guar?z, and
the feldspars are harder o dis/inguish .

"The alleralion /s e same as above and
traces of pyrile are present.

Saundsione % 7u4rfz//é - of fme To i Fine gquarla saund,
wh:’fe, wel/ sovted ., calcle & 7[1:21‘7‘2 cenen?.
Praba“y the avende which s S/ac/a/&x assecsaled
with the Juvass/c /af)o//'/é. Tu Trusive coriacls .

Bistite Diorile, 45 mm ave. cyrysta/ size. The
mafes Ci5%) ave Tofaly alfeved b chlorie +
Calcile. Farl o Juvassic Humboldt lopolith .

Quarlzile , whife , well sortesd, V.f grained.

Diovife and Quartzile mixed. Driovile dewllricly alf.

Quartzite, white , wel serd. Diovite elike at [ower Corilack
S/lale, cafcareous with micacoas s},zeen_, ~he, even
texTure with y&ry/naav_’-& developed c/eavage or
folration - Colovr (s medam gray % //_942‘ 'qra.yislt

green.

The s/ale s prebabl, the Jurassie Auld Zan,
Syne Growp. The thickness of This an'l

is uncertrin but sevecal theusands oF feel

Diovile dikes or-sit/sr occur /m the slale as
indicaled. Al of the dorife 55 yery similer
%o the diorile desceibed abeve al' €830
The alleralion (5 dewleric and wuniforn.
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SAN EMIDIO SEISMIC |

Chevron Resources was one of the first compénies to inteérate the

fef]ection seismic method into‘their geothermal exploration program.
After completing gravity, electrical and other surface surveys, thermal
gradient drilling, and the 4013 foot Kosmos 1-8 well, Chevron contracted
Western Geophysical for a 2.1 line mile, high resolution seismic survey.

| The survey included three east-west lines, the 1bngest being 5600
feet in length crossing Kosmos 1-8, the.main interpretative line of this
study. Two lines 2000 feet long were completed % and 1.0 miles further
south. A dynamite source, 5-20 pbunds, wés used; 14 hydrophones at depths
of 18 feet in holes 33 feet apart provided the receiving array. The 700%
stacked sections show many thin reflecting horizons in the lake beds and
Tertiary sediments and a strong band of reflected energy at about 1.0 sec
(4313 feet) probably the top of Tertiary volcanics extending east from
Kosmos 1-8; few coherent reflections are observed on the eastern 1/3 of
the profile, i.e. after crossing one or more basin and range faults.

Chevron contracted United Geophysical Corp. to complete a second

reflection seismic survey of 10 Tine miles in October 1977, prior to
drif]ing the second deep well test (Kosmos 1-9). Three east-west lines
one.m11e apart and one north-south 1ine, all approximately 2.5 miles long,
were cdmp]eted. Conventional split-spreads with 100 foot group interval
and a dynamite source of 1-10 pounds were used to obtain 1200% CDP coverage.

The southernmost line of this survey is shown on the right.



Good reflection gravity is evident to 1.2 seconds, apprdximate}y
5500 feet deep. Several of the more continuous reflections are shown
in yellow. These correspdnd to variations in lake bed 11th0109y at the
top, Tertiary sedimenfs (0.3-0.6 sec), and volcanics at greater depth.

No coherent reflections represent the eastern portion of the section where
dipping metésediments occur at shallow depth.

The high angle red Tines shown on tﬁe slide are inferred to be basin
and range faults. They terminate several coherent reflections, and can
genera]]y be traced from section to section (along a northerly trend).

A major interpreted fault projects to the surface where'a1teration is
mapped at the surface.

Limited velocity control has delayed our time-to-depth conversion of
the seismic data. The utility of the method in this geologic environment,
where one is seeking a fault or fracture zone reservoir, is clearly

demonstrated.



SAN EMIDIO SEISMIC

Chévron Resources was one of the first companies to integrate the
veflection seismic method into their géothermal'exploration program,
After completing gravity, electrical and other surface surveys, thermal
gradient drilling, and the 4013 foot Kosmos 1-8 well, Chevron contracted
Western Geophysical for a 2.1 Tine mile, high resolution seismic survey.

The survey included thfee east-west lines, the longest being 5600
feet in Tength crossing Kosmos 1-8, the main interpretative 1ine of. this
study. Two Tines 2000 feet long were completed % and 1.0 miles further
south. A dynamite source, 5-20 pounds, was used; 14 hydrophones at depths
of 18 feet in holes 33 feet apart provided the receiving akray. The 700%
stacked sections show many thin reflecting horizons in the lake beds and
Tertiary sediments and a strong band of reflected energy at about 1.0 sec
(4313 feet) probably the top of Tertiary volcanics eXtending east from
Kosmos 1-8; few coherent reflections are dbserved on the eastern 1/3 of
the profile, i.e. after crossing one or more basin and range faults.

Chevron contracted United Geophysicaf Corp. to complete a second
reflection seismic survey of 10 line miles in October 1977, prior to
drilling the second deep well test (Kosmos 1-9). Three east-west lines
one mile apart and one north-south line, all approximately 2.5 miles long,
were cqmp]eted. Conventional ;p]it-spreads with 100 foot group 1hterva1
and a dynamite source of 1-10 pounds were used -to obtain 1200% CDP coverage.

The southernmost line of this survey is shown on the right.



Good reflection ‘gravity is evident to 1.2 seconds, approximately
5500 feet deep. Sévera] of'the.more continuous réflections are.shown
in yellow.. These corresﬁond-tb.variations in lake bed lithology at the
top, Tertiary sediments (0.3-0.6 sec), and vojcanics at greater depth.

No coherent reflections represent the eastern portion of the section where
~dipping metasediments occur at sha]]ow depth.

The high ahg]e red Tines shown on the s1ideAare inferred to be basin
and range faults. They terminate several coherént fef]ections, and can
generally be traced from séction to section (along a northerly trend).

A major interpreted fault projects to the surface where alteration is
mapped at the surfacg.

Limited velocity control has delayed our time-to-depth conversjon of
'the seismic data. The utility of the method in this geologic environment,
where 6ne'iS'seek1ng a fault or fracture zone reservoif; is clearly

demonstrated.



