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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does riot perform to your

expectations, we will replace it free of charge. Simply write to us:
Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services -
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.
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One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cdver for other books in this series.

Made in U.S.A.
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Investigation into the Pliocene Funeral Formation of the Greenwater Range

The purpose of this investigatior is to provide insight into the formation of the
Pliocene-age Funeral Formation that mantles the northern plateau of the
Greenwater Range.

To this end we intend to: )

* Identify vents presently exposed in the northern Greenwater Range.

* Identify locations of buried vents using U.S. Borax data.

* Examine the relationship between structures and vents.

* Characterize geochemistry of Funeral Formation basalts.

* Catalog radiometric dates for volcanics from the Greenwater Range and
surrounding areas. ,

* Estimate volumes of Funeral Formation basalts.

* Estimate the rate of vent formation and volume flux.

* Compare results, particularly vent formation rates, with data from the-.

Quaternary to determine if this rate has changed with time or remained
constant.

w

Researchers involved in this work, in some form or another, include:
Michael Conway,
Britt Hill,
Chuck Connor,
Ronald Martin,
David Ferrill.

Michael Conway will take the lead in this investigation with major input expected
from Britt Hill. Other investigators, will in all likelihood, play a supporting role.
Advice and suggestions of Dr. Connor and Dr. Ferrill will be solicited in the areas of
volcanology and tectonics, respectively. Ron Martin will help with digital data
processing in Arc/Info and Erdas.
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Data Directory

ks

Laboratory and Field Activity |
Data presently available at CNWRA for analysis of the northern Greenwater Range. |

Analysis will largely involve digital data sets of r.emotely sensed satellite and
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;c;fotlvcs)r;s X(l)l(li:li 1;?iieeifﬁf:;inflzl‘eEis;r;itllr{lagnl;a;alt Volum%§ and constructing. , Mi: « DEM from SPOT orthorectified scene (00200 Beatty) (20 m resolution)

¢ SLAR scene (resolution 12 m)

e 1:24,000 topographic maps
* 1:24,000 geologic maps of McAllister (1970, 1973)
¢ Geologic literature describing Greenwater Range and environs d

Some field work has been completed in the Greenwaters. The field work was |
designed to ground truth vent identification made on Landsat TM, SLAR, and SPOT
images. Also, six samples from basalt outcrops were collected for XRF and INAA
analysis. The data will be combined with previously published data (e.g., Wright et
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al., 1991) for the purpose of characterizing Funeral Formation basalts and for Data pending
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comparing them with Qqaternary basalts from the Crater Flat volcanics | | ) « XRF and INAA analysis for 6 basalts . ,
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Forward Header

1]

Subject: Re: Z units .
Author: Francois Zamora at SICORP

Date: 7/15/96 10:05 AM
§

Colleen,
The DEM has been delivered with the following formula:

%

Elevation (m) = (Pixel value - 10000) /'10 °

Mike can load the DEM in ArcInfo and ask during his course how to:
- apply this formula and saving the output file,

- méke a 3D visualization with the Orthoimage overlaid
—1n transparency_ on top of his DEM

.~ how to integrate his other layers of information

Thanks,

Francois
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Converting arc coverages to Tin for use in EarthVision ,

1) Create Tin for arc coverage:
eg. TIN grwir_cov grwtr_tin DEPTH1

2) Ungenerate Tin via “ungeneratetin” command

3) Use nawk code “tin2ev_pnts.sh” to strip off mass points and deal double

precision pbl with EV importer.

e.g., tin2ev_pnts.sh DEPTHI.pnt > depthl.data
tin2ev_pnts.sh is stored in “usr2/mconway/shellscripts/. .

4) Import “depthl.data” into EV via scattered data venue.
5) Set projection and Z parameters in EV/Files/Header -- very impt because this

s

keeps projection data established in Arc/Info
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Initial processing in EarthVision

=3

Elovadin covue ot o CPOT = DEM At

1) Modeling: 2-D tension gridding

2) Visualization : construct Base and Contour Maps.
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0 ) p if [ ! —f $OUTSEQFILE ]
2. Deva. dat % then cp $SEQFILE $OUTSEQFILE
. fi -
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I - 2-D Volumetrics Report
e e VOLUMETRICS REPORT
il f = Run by: mconway
—— Zone Cofor Koy — \ — Version: 3.0
I D/'.'.;p/iay_- geo model? faces \ Date: 10/0 8/96
I rauns )\ i e —— e Report file: vol_east2_poly.2vrpt
1 2 | zonel . .
— Polygon file: gwr_east2_poly.ply
= Zone definintion: Operational
i Deposition operation: collar7.2grd
— . Deposition operation: depthl_vers8.2grd
Global yield factor: 1.0
— Primary field: Polygon ID
Sorting method: Polygon order
E Input units: meters square by meters
. Volumetrics conversion factor: 1
Output units: Same as input
T T — Global minimum thickness: 0.0
. zone name: collar? ———mmeeem
Getf_Modelz ¢ A geologic model consist ing of - . o
Collar?.2grd and depthl vers8.2grd. 7 Oct Mowiman o none
: ‘ Minimum thickness: 0.0
—— Yield factor: 1.0
. . 2-D Volumetrics Report
SN Zone name: collar?
- \\:\ ” e ms—— e ——— e ——— ——— .. POlngI] ID
AN i . Polygon Class
' - ‘ E Area Volume Positive Area
| 458:488 JHU061 11:355,695.451 453,338.789063
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2-D volumetrlcs Report for Northern Greenwater Range
7-Oct-96 i

Funeral Fm thickness are estimated from 1) U.S. Borax and 2) from McAllister (1970, 1973)
Thickness estimates are conservative. '
Volume estimates were made with subjacent layers collar7.2grd and depth1_vers8.2grd in EarthVision

Layer volumetrics program in EV was used for calculating volumes.

Eight clipping polygons were used to constrain volume calculations to those areas

underiain by basalts of the Funeral Formation. ,

Polygon Name Poly Area (m2) Poly, Pos. Area Volime (m3) Ave Thickness (m)
gwr_central_poly.ply 47026947 47026947 - 3550318905 75.5
gwr_east_poly.ply 10563766 10563766 518006980 49.0
gwr_east2_poly.ply 453338 453338 11355695 25.0
gwr_north1_poly.ply 377073 377073 9842071 26.1
gwr_north2_poly.ply 72509 72509 1812414 25.0
gwr_west_poly.ply 3105750 3105750 88068005 284
gwr_south_poly1.ply 2238559 2238559 75308811 33.6
gwr_south_poly2.ply 601621 601621 16953325 28.2

Funeral FM total Volume 4271666206 m3

total volume 4.27166621 km3
Avg. Thickness = volume/positive area

Total volume values represent conservative minimum values. < ¥

The total volume of Funeral Fm basalts is 90 % of the total calc volume,

the remaining 10% consists of conglomerate. These proportions were determmed
from U.S. Borax well logs and from discussion with Steve Carpenter (Geologist)
who has worked in the area for nearly 20 years.

Area values for selected polygons were checked with a second software package ERDAS,
and the results were positive and similar areas were determlned

A check on the quality of the volume calc can be semi-quantitatively made by examining

D, 11

u<|\}\c.

Erdns P wen ki Y vaxclsn+ TRA_Scoan0

_L (och-\,ur__(zAV A, V\AG\S*’-"H .On(,qm« QAA((*MACLAIMA @A //

wﬁmmgmmmw

N
an‘\-‘(u EX K2 VN \n_j- CI/UM'HA % 6“&"%“&
- é)a.Aa")v .

I\A(’l) Ju AA LA ket 0AJ\(')§U\J’_A o leaa A4

L\MA L)MAA P YVRAG i O l\j V‘GVMUD‘»’H:Q Lm 2alS(Cr =
7

_’LM/ ot Hle Waﬁl; An—@.o \«'s 33. 706 M;Im

DI(/ lrl‘/)rmm

MO Ao%qw @,MHA.C&: &}S 216+ 7 .

LA 1S J\m Jo hveidetien ) anea el 1ag

rd

C—OHU@—L“LL;(a Gl L8 f\n S'qcbw:@ -/-.-S 55. éw.,‘ Ul{/J(’-’

‘ - ~ 2
bJ }\»/Ltz - 2’5(?‘ Knaa

873 k.2

J e

A%O\u\:«a’\ R\ eaak lle MAAJ&ADMH 7§\/~\ -~ CW%\&L(A“’
S

)
O AuJLACAL M/./P/QLEM :‘Jl?) CaAAchcMQ Dcas\' :f\bvb.ise 0,( 'Agu

cindiig 1Y =Y JO%CM.“{@;(

Vi Um \u M 0’1 wﬁ Aé'
——— boad = \'5'*;52 ;i’. 2

e J

H the average thickness (volume/positive area) and comparing with thickness from the

W U.S. Borax data and from McAllister geologic maps. The calculated volumes are reasonable and

»‘HH of good quality. ¥
P——— fd

,THW,,; The number of points used in making the collar7.2grd and depthi_vers8.2grd is approximately :

2500 points. .
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Master Polygon assessing probable paleo extent of
Funeral Formations basalts of Northern Greenwater Range
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Northern Greenwater Range: Funeral Formation

2 Color Key
Display: geo_modef2.faces
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Page 1

_ X\g\{
grn_vents_ungen2 X
~ | |
Greenwater Range Vent Locations
' | |
Interpretations are based on geologic mapping of area (McAllister 1970, 1973)
and satellite interpretation of SLAR, SPOT, and Landsat TM imagery.
This ungenerate arc/info file of vent locations was produced on
18 February 1997 by Michael Conway
2 536160.5] 4021203.5
0| 536241.75/ 4021334.75
5 532135.5| 4021528.5
6 533098 4020022.25
7| 531966.75 4018459.75
8 531723 4018566
9 531735.5| 4018128.5
0 531741 4017871
11 531909 4017199
13 535269 4017403
15 534381 4013563
16 534141 4013767
17 534777 4013479
19 538389 4013599
20 538185 4017307
21 538461 4017043
22 537729 4018603
23 537033 4019551
.24 537897 4019407
24 540489 4015279
25 541449 4014655
27 538401 4011463
28 542241 4010203
30 535689 4013671
0 536073 4013991 T
33 546260.5| 4007053.5
34 539785.5 4004441
- 14 534836.5| 4014090.5 -
33| 538874.875| 4017329.5 F
__ 32| 545759.25| 4009405 D
35 546131| 4007497.5 -
36| 541118.375| 4008214.5 D
.12 536336.5| 4019070.5 .
4| 531964.813 4021695
End of File T
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Greenwater Range: Vent Locations
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2-D Volumetrics Report

VOLUMETRICS REPORT

Run by:
Version:
Date:
Report file:

polygon file:

o zone definintion:
Deposition operation:
Deposition operation:
Global yield factor:
Primary field:

Sorting method:

Input units:

volumetrics conversion factor:
Output units:

Global minimum thickness:

-------------------- Zone name:

Minimum z:
Maximum z:
Minimum thickness:
Yield factor:

mconway

3.0
10/04/96
fin_gwr_east_poly.Zvrpt

gwr_east_poly.ply
Operational
collar7.2g9rd
depthl_vers8.2grd
1.0

Polygon ID
Polygon order
meters square by meters
1

Same as input

0.0

collar?7

none
none
0.0
1.0

2-D Volumetrics Report

Zone name:

Polygon ID
Polygon Class

collar7

Area Volume

!

Positive Area
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VOLUME REPORT for EAST POLY in GWR RANGE

5 october 1996

Run by:
Version:
Date:

Report file:

polygon file:

zone definintion:
Deposition operation:
Deposition operation:
Global yield factor:
primary field:

Sorting method:

Input units:

olumetrics conversion factor:
output units:

Global minimum thickness:

—————————————————— Zone name:

Minimum 2z:
Maximum Zz:
Minimum thickness:
vield factor:

mconway

3.0 ckli é;k+s7—

10/04/96
fin_gwr_east_poly.2vrpt

gwr_east_poly.ply
Operational
collar7.2grd A
al_dpthl_v8.2grd

1.0

Polygon ID

polygon order

meters square by meters
1

Same as input

0.0

collar?7

none ‘
none J
0.0
1.0

2-D Volumetrics Report

Zone name:

Polygon ID
Polygon Class

collar? !

‘
volume

10,563,766.423 451,512,705.5

6L1~A ;{ .
“;‘i}’“
Aot 27 V0 7 127
P

Ueluwe =

8. 451 Kt
/______/

/0w, //'L'"“"*E'L

Positive Area

7 10,565,766.422

2-D Volumetrics Report

YOLUMETRICS REPORT

Run by:

Version:

Date:

. Report file:

Ocutput units:
Global minimum thickness:

Zone name:

Minimum z:
Maximum z:
Minimum thickness:
Yield factor:

Polygon file:
Zone definintion:

Deposition operation:
Deposition operation:

Global yield factor:

Primary field:

sorting method:

Input units:

Volumetrics conversion factor:

mconway

3.0

10/08/96
vol_south2_poly.2vrpt

gwr_south_poly2.ply
Operational
collar7.2grd
depthl_vers8.2grd
1.0

Polygon ID

Polygon order
meters square by meters
1

Same as input

0.0

collar?

none
none
0.0
1.0

2-D Volumetrics Report

Zone name:
Polygon ID
Polygon Class

collar7

Area Volume

Positive Area

601,621.296875 16,953,325.458

601,621.296875
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Zone

volumetrics conve

Minimum thickness: 0.0

polygon ID
polygon C

»

2-p volumetrics Report

!
VOLUMETRICS REPORT

Run by: mconway
version: 3.0
pate: 10/08/96
Report file: vol_central_poly.2vrpt

polygon file: gwr_central_poly.ply

definintion: 0perational

Deposition operation: collar?.2grd
Deposition‘operation: depthl_versB‘zgrd
Global yield factor: 1.0
primary field: polygon ID
gsorting method: polygon order

input units: meters sguare by meters

rsion factor: 1
output units: same as input

Global minimum thickness: 0.0

zone name: collar? z

Mipimum z: none
Maximum z: none
,

vield factor: 1.0

2-p Volumetrics Report

zone name: collar7

positive Area

volume

lass ;
)

47,026,947 .422 3,550,318,905. 47,026,947.422

2-D Volumetrics Report

VOLUMETRICS REPORT

Run by:
Version:
Date:

Report file:

-
polygon file:

zone definintion:
Deposition operation:
Deposition operation:

Global yield factor:
primary field:
Sorting method:
Input units:
Volumetrics conversion factor:
output units:

Global minimum thickness:

—————————————————— Zone name:

Minimum z:
Maximum z:
Minimum thickness:
Yield factor:

gwr_east_poly.ply
collar7.2grd
depthl_vers8.2grd
Polygon order

meters square by meters

same as input

fin_gwr_east_poly.zvrpt

2-D Volumetrics Report

Zone name:

Polygon ID
Polygon Class

Volume

Positive Area

10,563,766.422
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2-D Volumetrics Report

VOLU&ETRICS REPORT

Run by:
Version:
Date:
Report file:

Polygon file:

Zone definintion:

Deposition operation:

. Deposition operation:
Global yield factor:

Primary field:

Sorting method:

Input units:

Volumetrics conversion factor:
Output units:

Global minimum thickness:

Zone name:

Minimum z:
Maximum z:
Minimum thickness:
Yield factor:

mconway

3.0

10/08/96
vol_east2_poly.2vrpt

gwr_east2_poly.ply
Operational
collar7.2grd
depthl_vers8.2grd
1.0

Polygon ID

Polygon order
meters square by meters
1

Same as input

0.0

collar7

none
none
0.0
1.0

2-D Volumetrics Report

Zone name:
Polygon ID
Polygon Class

collar7

Area ' volume

Positive Area

453,338.789063 11,355,695.451

- "I 41

2-D Volumetrics Report

‘

VOLUMETRICS REPORT

Run by:
Version:
Date:
Réport file:

polygon file:

Zone definintion:
Deposition operation:
Deposition operation:
*Global yield factor:
primary field:
sorting method:

Input units:

volumetrics conversion factor:
output units:
Global minimum thickness:

453,338.789063

Minimum z:
Maximum z:
Minimum thickness:
Yield factor:

— Zone name:

mconway

3.0

10/08/96
vol_northl_poly.2vrpt

gwr_northl_poly.ply
Operational
collar7.2grd
depthl_vers8.2grd
1.0

polygon ID

pPolygon order
meters square by meters
1

gsame as input

0.0

collar?

none
none
0.0
1.0

2-D Volumetrics Report

Zone name:

Polygon ID
Polygon Class

collar?

Area Volume

Positive Area

377,073.109375 9,842,071.3802

377,073.109375

. e —— . . —————A_ v 5 sep TRy A el e




2-D Volumetrics Report ) .
) _ $_5’?)

VOLUMETRICS REPORT

Run by: mconway -

Run by:
Version:
Date:

Report file:

Polygon file:

Zone definintion:
Deposition operation:
Deposition operation:
Global yield factor:
Primary field:
Sorting method:

2-D Volumetrics Report

VOLUMETRICS REPORT

mconway

3.0

10,/08/96
vol_north2_poly.2vrpt

gwr_north2_poly.ply
Operational
collar7.2grd
depthl_vers8.2grd
1.0

Polygon ID

Polygon order *

Version:
Date:

Report file:

polygon file:

zone definintion:
Deposition operation:
Deposition operation:
Global yield factor:
Primary field:

Sorting method:

Input units:

volumetrics conversion factor:
Output units:

Global minimum thickness:

———————————————————— Zone name:

Minimum z:
Maximum z:
Minimum thickness:
vield factor:

3.0 \
10/08/96
vol_west_poly.2vrpt

gwr_west_poly.ply
operational
collar?.2grd
depthl_vers8.2grd
1.0

Polygon 1D
Polygon order
meters square by meters
*

Same as input

0.0

collar7

none
none
0.0
1.0

2-p Volumetrics Report

Input units: meters square by meters
Volumétrics conversion factor: 1 Zone name: collar?
Output units: Same as input polygon ID
Global minimum thickness: 0.0 . Polygon Class
Area Volume Positive Area

— Zone name: collar?7

3,105,750.4141 88,086,005.09 » 3,105,750.4141

Minimum z: none ‘

Maximum z: none 3 ¢

Minimum thickness: 0.0
Yield factor: 1.0 :

g
2-D Volumetrics Report
2-D Volumetrics Report

Zone name: collar? : J
VOLUMETRICS REPORT

Polygon ID

Polygon Class ' i
em—— Area , Volume pPositive Area Run by: mconway
"y o ) Version: 3.0

: ‘ Date: 10,/08/96

[

72,509.2031255 1,812,414.3048 72,509.203125

Report file: vol_southl_poly.2vrpt

Polygon file: gwr_south polyl.ply

| S — o
ﬁ L ‘ . [ zone definintion: Operational
i lr““ ‘ Deposition operation: collar7.2grd
;Lmqu~w~w~“w~ww~w~w-* 4 , " : Deposition operation: depthl_verss.2grd
) “Jll.l e ‘ Global yield factor: 1.0
LJ)“ — iﬂ ,: Prl@ary field: Polygon ID
IF“““** ——— T ; _ Sorting method: Polygon order
v:», ' : Input units: meters square by meters
” volumetrics conversion factor: 1

output units: Same as input
Global minimum thickness: 0.0

' Zone name: collar?

e ;

I [ P ) Minimum z: none

ﬂL,“iTm X Maximum z: none

i J‘i' ] . : . Minimum thickness: 0.0
-l Yield factor: 1.0

2-D Volumetrics Report

Zone name: collar7

ll 5 ’ Y 4 Polygon ID o
] Polygon Class
. ] Area Volume Positive Area

R

B

2,238,559.6016 75,308,811.627 2,238,559.6016
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Dr. Michael Conway

A— (210) 522-6829 i
) I April 1996 (
Mr. Steve Carpenter :
Geologist 5
U.S. Borax Inc. / ;
26877 Tourney Road

Valencia, CA 91355

Dear Steve:

I enjoyed talking with you about the Greenwater Range last Friday. As I mentioned then,

I’'m at the Center for Nuclear Waste Regulatory Analyses and am involved, along with several
colleagues, in a study of Pliocene-Quaternary volcanism of the Basin and Range. We undertook

*

J % ewR-st»'
(Ve

4 N h f
g ﬁ"‘;ﬁnﬁ?

GWR oM. ?0\3‘ . (3“

e

?slqu Maede, <1, 4 ¢

this research on behalf of the Nuclear Regulatory Commission with the goal of understanding and .
characterizing volcanism in the vicinity of the proposed Yucca Mountain High-Level Nuclear

Waste facility.

The Greenwater Range volcanics are of particular interest to us because of their proximity ‘ o
to Yucca Mountain and because of similarities in the style of volcanism with that of the Crater Flat ‘

volcanoes, just south of Yucca Mountain. My colleague, Britt Hill, and I will be in the

Greenwaters between 19 April and 22 April, to initiate reconnaissance work delimiting the number
and distribution of volcanic vents there. At present, we are compiling geologic data on the

Pliocene basalts of the Greenwater Range.

At the advice of your colleague, Dr. Barry Watson, we are approaching you about data you
may have on volcanics of the Greenwater Range. In particular, data from drill hole logs noting

characteristics of the Funeral Formation basalt -- number of flows, flow thickness, total thickness
of basalts, downhole petrologic or geochemical variation - would be tremendously helpful. Other

types of information that we would greatly appreciate would be any radiometric ages or
geochemical analyses of Funeral Formation basalt. We are just beginning our work in the

Greenwaters and any information that you can share with us will, ’m certain, be of tremendous
help.

Britt and I thank you in advance for any assistance you can provide. As I mentioned during
our phone conversation, we will be more then happy to share any findings we make with you, and

we will of course gratefully acknowledge any assistance that we receive.

Yours sincerely,

Michael Conway

e e g g ey — . —— TCAYYE T ™1 T eam 1A FL R T I N el B Gl errrs——rm—— va—]



Data Sets for the Greenwater Range.available on 20 September 1996
Digital Data Sets: ’
Landsat TM Image: 040 035¢04/18 /89
7 bands, resolution 25 m.
SPOT Image: Orthorectified image and two offset images used to generate a
DEM image. Each image has 1 band and 10 m resolution.
SPOT DEM: DEM produced by SPOT Image Corp from satellite pairs.
Effective resolution is 20-m.
Geologic Map of McAllister (1970, 1973) with polygons representing volcanic
outcrop of the Funeal Formation.

Arc/Info Data coverages of DEM, Geologic Maps, and U.S. Borax well log data.

Geologic Data: '

Well-logs from 154 wells in Northern Greenwater Range supplied by us.
Borax Corp. Well-log data breaks out contact between Funearl Formation
and the underlying Greenwater or Furnace Creek Formation.

Gec;%ogic Maps of McAllister (1970, 1973) at 1:24,000 of Northern Greenwater

Range.
Gec;lgoggli)c Description by Drewes (1963), McAllister (1970, 1973), Wright et al.
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of the Greenwater Range ;

predominantly of basalt lava flows (typically 5 to 10 m thick; Wright et al., 1991) |

intercalated with subordinate conglomerates and fanglomerates. The Funeral |
Formation once formed a thin veneer over much of the central part of the Death |

Vally volcanic field, but due to erosion and burial by later alluvium is now |

restricted to mesa tops and ridge-capping dip slopes (Wright et al., 1991). Using

Formation in the north-central and northwest part of the Greenwater Range to’
between 20 m and 230 m, with an average thickness of = 130 m.

£

%

e |

£

3

=

Develo ing a dl ltal data set fol alculatln ﬂlleIless Of tlle Iunelal E ormation Of
p g g C g

the Northern Greenwater Range, Invo County, Californi
ge, Iny ty, ia

The basis of thickness c i
alculation are well-log data f
a .
central part of the Northern Greenwater Range. Thercci’:tlalfvi;v setil;pllrll g‘; ncl)\/rlth-
ed by Mr.

St n Ca p T (G 1 . Ip fI m WellS dlllled over tl e pasl
g )
eve. rpente eologist) of tl e U.S. Bor ax CO O

y IS. rp p T'SOIX ly l gged Ileatly 100 dl'lu hOIeS Ihe remalnd T f
15 yea Mr Ca enter perso al o] . €r o

gg y g g . Ca p S Sup Sl . Ihe
”le ]I()]es were l() e(l b ()ﬂle] e()[() ists uIldeI IV{I C rpenter ervision.

baSe ()f the Iuneral Iorm i y " p
. 1 ation was piCked by m Self“ Wl‘t]l N[l Car enters assistance
and guldanCe durlng a tWO-day session at U.S. Bora;( Hea’dqua;ters in valellc’l‘a, CA
2, Y .

Well-log data is com

‘ plemented by esti 3

prell-log da y estimates of thy “basal H

pm]f:gtiﬁg :)r:te;perte;i from ge‘ologlc maps (McAliister ?1;713 V;;%I; o ctlhlf funeral

projecting o litﬂo% o underl_ymg formations beneath the Flineral Fan A

areas where lif :, e;tla'ts ;vallable on the depth to or attitude of unc{)er;ln nvadie
T 2 -log data was used a i imati A be

form s a guide for
ckness. In general, I was conservative and estimate?t:lrg:lilrllgs: ;lsn;:ztblz:falt

ably a

minimum Value. In result: ld yle a conservative
S I lng V()luule CalCulathIl, tlllS Shou ld n.

minimum volume. ,

In order to model the Funeral Formation of the northern Greenwater Range

and to estimate volumes of basalts erupted there, it was necessary to augment well-
log data with estimates of formation thickness from the present-day perimeter of

information provided by McAllister (1970 and 1973), Drews (1963), and Wright et al., |

(1971) to constrain thicknesses. On the east side of the field, where the contacts I

between the Funeral Formation and the broadly folded volcanics and volcaniclastics §
of the Furnace Creek Formation are reasonably well-exposed, estimating thickness i

was trivial, and we have a great degree of confidence in these values. To the :
southwest, where stratigraphic contacts are commonly masked by Quaternary !

alluvium, estimating thickness is more difficult. Fortunately, several wells drilled n

just north of this area provide a baseline for estimating thicknesses.

Estimating Percent Conglomerate in the Funeral Formation 16 Sept. 96 ‘

Basalt lava flows, agglomerate, and agglutinate of the Funeral Formation

commonly overlie, and less commonly are intercalated with, basalt-bearing
conglomerates and rare sandstones. Well log data
logists logging the drill-holes o

the importance of conglomerates in the section. Geol

thickness and composition. Most conglomerates occur as basalt-bearing basal ‘
conglomerates overlying the Greenwater or Furnace Creek formations. i

Formation and are believed to originate from that unit (S. Carpenter; pers comm??).

virtually 0% at a number of drill holes, to as much as 73% at drill hole # 109.

‘ |
Thickness of conglomerates in the Funeral Formation vary considerably from S
|

Averaging all of the estimated conglomerate data yields an average conglomerate

thickness approximately equal to 11 % of the Funeral Formation. Steve Carpenter,
US Borax, agreed that 11 percent was a reasonable value for the thickness of de

e — = - - - —
— TTROTCAYYE WV T T IS L L RA 1 4 4ARSABE T T

Notes on Assigning Thickness values to the Funeral Formation o

The Funeral Formation of the northern Greenwater Range consists P
I—

well-log data provided by U.S. Borax Inc, we constrained thickness of the Funeral [

the Formation. Whenever possible, we used the stratigraphy and structural '
| s ———

provide constraints, locally, on e

" carefully noted the occurrenc of conglomeratic peds and frequently estimated the TIR—

Petrography of basalt cobbles are similar to basal lava flows of the Funeral l

conglomerates in the northern Greenwater. i

e et et s
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Use of EarthVision
EV as Dat files. The final dat files reflecta 25 m  *

I imported ungenerated tins into

basalt thickness at the edge of the areal extent of Funeral Formation outcrop. The dat

s in BV. Volumetrics was used to calculate

files were converted into *.2grd file

volumes between two subjacent grids using clipping polygons to limit lateral extent

of solution. The polygon areas were C
Backcalculating the average thickness from volume solut

thickness for the FF.

hecked in ERDAS and found to be accurate.
jon resulting in reasonable
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“GW 4-19-96 3a E GWR Road Cones

%

Sample List from 19 April Trip to Greengvater, Crater Flat, Thirsty Mountain

Sample ID Location Sample Comments "
i

GW 4-19-96 1 E GWR Eroded Cone Oxidized vent cinders :

GW 4-19-96 2 E GWR Cone Complex Oxidized vent cinders

GW 4-19-96 3 E GWR Road Cones Oxidized vent cinders

Unoxidized near vent mtrl.*
Unoxidized near vent mtrl.

GW 4-19-96 3b E GWR Road Cones

GW 4-20-96 4 Deadman Pass Plio Volc Unoxidized Block lava flow

GW 4-20-96 5 GWCentral Froded Dike-vent Oxidized to unox. near vent

GW 4-20-96 6 GWC Tuff (pseudo-lava tubes) Oxidized ignimbrite deposit

GW 4-20-96 7 GW Plateau (vent Breccia) Oxidized near vent facies

GW 4-20-96 8 GW Plateau (vent breccia) Oxidized near vent facies

MC 4-21-96 9 Northern Cone Oxid & unoxid near vent mtrl
MC 4-21-96 10 Red Cone Oxidized Stromb vent mtrl.

MC 4-21-96 11 Lathrop Wells Cone Unoxidized scoria

MC 4-21-96 11b Lathrop Wells Cone Oxidized scoria

MC 4-23-96 12 Little Black Peak Oxidized Scoria from fumarole zone
MC 4-23-96 13 SW slope of LBP Oxidized scoria

MC 4-23-96 14 S slope of LBP Oxidized scoria

MC 4-23-96 15 W slope of LBP Unoxidized scoria of west slope
MC 4-25-96 16 E adj. Sleeping Butte Oxidized 1gn1mbr1te

MC 4-25-96 17 SE slope of Hidden Cone Unox to Oxidized scoria and rock
MC 4-25-96 18 E slope of Hidden Cone Mix of Oxidiz and Unoxid scoria

End of Samples from Trip
Sample Descriptions are from fieldnotes.

24 May 1996 ;

< ;
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27 May 1996
CNWRA - SWRI
Mike Conway

Operator: David Herrera (Div. 1)

Visible to mid-¥R Spectroscopy Pilot Study of Scoria

Purpose: i
rp To characteflze and compare reflected spectra of oxidized and unoxidized scoria

give to seven specimans from four sample sites are to be used.
utput will consist of % Reflectance vs Wavelength (or wavenumber)

Sample List ,
5.

MC 4219611 Lo Vawrer s\ VS Coons D cn
MC 42196116 o1 5 Coug wnohrd R ecc,

MC 4-23-96 12
MC 4-23-96 15

Please note the general size of indivi i
ind i i
Dlease « g ndividual specimans prior to test using the following size

»

fine < 5 mm dia.

medium 5 mm to 15 mm
coarse > 15 mm

“!%ﬂ -
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Spectral Analysis of Basaltic Scoria and Dense Rocks
from Greenwater Range . :

__” (] —— Conversation with David Herrera (Div {: Chemistry) ) 3 5
“ — Discussion focused on capability of Chem to: 1
—“ﬂr 1) Complete spectral characterization of scoria samples from Greenwater R. and Crater Flat
J[[Iulm T -- Thirsty Mountain area.
' 2) Examine samples using a Fluoresence Transfir Infra-Red machine to identify causative

|||W ' IR signature of vent and off-vent samples.

‘ » Sensing Capability of Reflectometer (Perkins-Eldin): 0.19 to 2.4 microns -- UV to mid-IR --
mlll —— sensor can be adjusted to variable range (ie., .7 to 2.4 microns)

s— « Data is loaded unto UNIX machine and is plotted as:
Reflectance% vs. Spectral Reflectance (L.e., wavelength)

» App. 5 minutes required per scan (3 min. scan & 2 - 4 min setup and data download). ; - ..

o « We estimated that 7 samples per site were required to accurately characterize spectral signature . —
";W"““ of each site

* We agreed to pilot study of 4 sites, 7 samples per site, and at least in several cases several
scans per sample using different incident angles. This is to determine the role of incident

. angle on results. Given the uniformily rough and irregular nature of the scoria samples, I
e — hypothesize that incident angle will not be a factor in data quahty

« We discussed the use of the FTIR machine to provide insight into chemical control on
spectral signature. The Chem people thought it might provide a handle on O-bonding, but

[, m— they were not specific and noted that Bill McMahon (retlred SWRI) was the person to

li contact about specifics.
~ﬁmmg»w~ww~mmmm . .
L....J””H i B Conversation with Bill McMahon (Retired SWRI- Consultant) 5

T Recelved a call from Bill McMahon (344-1987) at 11: Odfa m. - I
(- E—
‘ + Bill said that very carefulsample prep and analysxs usmg a K-bromide (KBr) standard can
‘ — yield semi-quantitative results on the FTIR.
A technique referred to as diffuse rcﬂectance is used. = :

Tt — +He further pointed out that IR and near-IR spectra exist for known minerals and compounds

M and suggested that we refer to “Sadtler Standard Spectra” and said that Gene Jones might

g8 g
|||||U”'"‘“"“““""“““”“ know of a copy.

—
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2.D volumetrics Report for Northern Greenwater Range oo ' F Q_Q (fm4% ‘ . )
. N . ! (A TG e : 6"/ mo)(.&»14 ’o,A’L\\ o8 o f;u./n;aﬂ;

Funeral Fm thickness are estimated from 1) U.S. Borax and 2) from McAllister (1970, 1973) ‘ ‘ ~
Thickness estimates are conservative.

07-Oct-96 Last update 22 November 96 O ’ ;
dL 'o\/(i‘) W) "'!“O'-‘_('»\( (). (LAA,Q i? @*'\Akiu {/W \/%“
0 7

Volume estimates were made with subjacent layers collar7.2grd and depth1_vers8.2grd in EarthVision

Layer volumetrics program in EV was used for calculating volumes.

Eight clipping polygons were used to constrain volume calcutations to those areas

undertain by basalts of the Funeral Formation. w o
Polvgon Name Poly Area (m2) Poly. Pos. Area Volume (m3) Ave Thickness (m) :
gwr_central_poly.ply 47026947 47026947 3550318905 755 ‘
gwr_east_poly.ply 10563766 10563766 518006980 49.0 g
gwr_east2_poly.ply 453338 453338 11355695 25.0 i . ’.
gwr_north1_poly.ply 377073 377073 . 9842071 26.1 ;
gwr_north2_poly.ply 72509 72509 1812414 25.0 ‘
gwr_west_poly.ply 3105750 3105750 88068005 28.4 “
gwr_south_poly1.ply 2238559 2238559 75308811 33.6 |
gwr_south_poly2.ply 601621 601621 16953325 28.2
Funeral FM 64439563 m2 4271666206 m3 total Volume ’ x
64.439563 km2 427166621 km3  total volume
Avg. Thickness = volume/positive area ] 3.84E4+09 m3 total Basalt Volume ' -
. [—
Total volume values represent conservative minimum values.

The total volume of Funeral Fm basalts is 90 % of the total calc. volume,

the remaining 10% consists of conglomerate. These proportions were determined
from U.S. Borax well logs and from discussion with Steve Carpenter (Geologist)
who has worked in the area for nearly 20 years. g

v

Area values for selected polygons were checked with a second software package, ERDAS,
and the results were positive and similar areas were determined. .
¥ '
A check on the quality of the volume calc can be semi-quantitativy;ély made b\'?';'examining
the average thickness (volume/positive area) and comparing with thickness from the
U.S. Borax data and from McAllister geologic maps. The calculated volumes are reasonable and
of good quality. - '

The number of points used in making the collar7.2grd and depth1_vers8.2grd is-approximately
2500 points.

4

Flux Rate for the Greenwater Range given an eruptive lifespan of 0.8 Ma

Minimal Basalt volume is ) 3.84E+09 m3
Maximum Basalt volume is 5.50E+09 m3
1
: 5
Minumum Flux Rate is volume (m3) / time (years)4805.62448 m3/year £
Maximum Flux Rate is volume (m3) / time (years) 6875 m3/year ’

Maximum flux rate is result of estimating a larger area previously covered by Funeral Formation basalts.
The larger area is designed to adjust eruptive material lost to erosion or buried by alluvium.
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| ! | | | | I |
|Well Log Data from Steve Carpertter, US Borax Corp., Vallencia Corp... [ | |
[29-30 May 1996; Drill Hole locations from Wlap received b June 19957 I I I
— ‘{ [fM. Conway,J‘1 July 1996 + | | | 4{
o e——
R S, . {Well Log locations were digitized off US Borax 1:12,000 version of 7.5 rinute 1:24,000 topographic Map on 10 July 1996
S | Well Log locations were projected into UTM projection | | | [
| Digitizing tablet set by Rick Klar, and Rick provided support during digitfzing work. | [ |
{ l I [ I I | ll
A M [ Thickness reported as 304.6 m indicates that the hole ended or informdtion was geperally unavaifable
3 Ub } T || [immediately below the contact between the Funeral FM. and the underlying unif.
Well ID# [UTM __ [UTM Collar Funeral Funeral Greenwatel GWR Furnace Cri{ FCK
Il ID # |Arc/info |Easti Northing | Elevation (m Formation  [Base (m) Eormation |Base (m) Formation |Bage (m)
1 1] 530228| 4018704 12563.5| FUFM 1163.6| GWFM 1163.6| FCFM 859.0
2 2| 530318/ 4018611 1246.3| FUFM 1068.9| GWFM 1068.9{ FCFM . 636.6
3 3| 5304844019147 1229.2| FUFM 1073.7 | GWFM 1073.7|FCFM 8450} .
4, 4| 530104!4017529 1227.3|FUFM 1146.5| GWFM 1146.5| FCFM 1065.7
5 5| 529903|4017746 1212.7| FUFM 1160.9| GWFM 1160.9| FCFM 1014.5
6 6| 530598| 4018087 1241.0{ FUFM 1103.8| GWFM 1103.8| FCFM il 826.4
7] 7| 531005[4017433 1253.8 FUFM 1211.7 | GWFM 1211.7|FCFM 1134.9
8 8] 531420] 4016923 1271.0| FUFM 1157.0| GWFM 1157.0| FCFM 1079.0
9 9| 530355] 4019320 1231.5| FUFM 1096.7| GWFM 1096.7 | FCFM 932.7
10 ~ 10| 5307884018822 1233.2{ FUFM 1099.0) GWFM 1099.0{FCFM 946.6
B 11 11| 531317/ 4017861 1262.1 | FUFM 1115.7| GWFM 1115.7| FCFM 884.0 ——
12 12| 532622| 4017583 1226.8| FUFM 1082.0| GWFM 987.5|FCFM 987.5
13 13| 532814( 4018195 1244.8| FUFM 1154.9 GWFM 1046.7 | FCFM 1046.7
14 14| 533479(4017394 1165.1 | FUFM 1005.4| GWFM 929.1FCFM 9291
15 15| 532836/ 4016929 1202.6| FUFM 964.8| GWFM 964.8| FCFM 897.7
16 16, 531600 4016661 1278.9| FUFM - 1081.4|GWFM 1081.4 FCFM 807.0
17 17 531601] 4017409 1273.9| FUFM 1155.0 GWFM 1155.0| FCFM 953.8
18 18| 531155]4018333 1239.9/ FUFM 1130.2| GWFM 1130.2| FCFM 1026.5 e —————
19 19| 531445[4019110 1313.6| FUFM 1091.0| GWFM 1011.8|FCFM 1011.8
20 20| 532060] 4020901 1046.1 | FUFM 944.0| GWFM 944.0/ FCFM 7413
21 21| 533143] 4016700 1072.8| FUFM 938.7| GWFM 938.7 | FCFM 859.4
22 22| 532906| 4016380 1065.0{ FUFM R 872.9/GWFM 872.9(FCFM 568.3
23 23| 5322934016686 1083.3/ FUFM 967.5| GWFM 967.5| FCFM 845.5, —
24 24| 532177]4016276 1059.7 | FUFM 901.2| GWFM 901.2/ FCFM 797.5
25 25| 533155] 4016167 1045.9| FUFM 814.1|GWFM 814.1FCFM 741.0
26 26| 531396(4017131 1276.8{ FUFM 1179.2) GWFM 1179.2| FCFM 1069.5
27 27| 531279]4017688 1274.5|FUFM 1167.8| GWFM 1167.8{FCFM 1100.8
28 28| 531606] 4017844 1275.3| FUFM 1129.0| GWFM 1129.0{FCFM 1040.5 m—
29 29| 531127] 4017902 1262.3| FUFM 1099.8| GWFM 1099.8|FCFM 1029.7
30 30| 531262[4017995 1270.5/ FUFM 1093.7| GWFM 1093.7| FCFM 993.0
31 31| 531733]4018553 1262.0/ FUFM 1142.5| GWFM 1142.5| FCFM 1073.0
32 32| 531189] 4018564 1235.4| FUFM 1139.4| GWFM 1139.4| FCFM 1043.4
33 33| 531024] 4021552 1044.8| FUFM 988.7| GWFM 988.7 | FCFM 853.0]
34 34] 531052[4017758 1252.9 FUFM 1142.0| GWFM 1142.0/FCFM 1059.7
35 35| 531620( 4016894 1286.4{ FUFM 1115.7| GWFM 1115.7| FCFM 1057.7
36 36| 531724] 4016923 1281.8| FUFM 1088.5| GWFM 1088.5FCFM 1045.8
37 37| 530623] 4018947 1231.2| FUFM 1112.3| GWFM 1112.3/FCFM 1065.0
38 38| 531604| 4016765 1283.5;FUFM 1088.3| GWFM 1088.3| FCFM 1012.1
33 39| 530977{4016918 1234.0| FUFM 1188.3| GWFM 1188.3| FCFM 1020.6
40 40; 531760! 4016759 1287.2| FUFM 1095.2| GWFM 1052.5|FCFM 7479
4 4] 531121]4016929 1239.1|FUFM 1205.6| GWFM 1205.6| FCFM 901.0,
42 42| 5315534017052 1279.7 |FUFM 1162.3| GWFM 1162.3| FCFM 857.8
43 43| 531014] 4017924 1251.5|FUFM 1105.1| GWFM 1105.1|FCFM 800.5
44 44| 5311284017036 1254.4| FUFM 1214.8| GWFM 1214.8|FCFM 910.2 .
45 45] 530738| 4017824 1234.5| FUFM N 1173.5| GWFM 1173.5/ FCFM 869.0] m——
45 46, 531870]4018538 1267.9 FUFM 1107.8{GWFM 1107.8| FCFM 803.2
47 47| 530432| 4018769 1242.6 | FUFM 1007.9| GWFM 1007.9| FCFM ] 980.4,
48[ 48| 531311[4016937 1258.1{ FUFM 1181.8|GWFM ] 1181.8| FCFM | 877.3
49] 49| 531300] 4017049 1271.9| FUFM 1197.2| GWFM 1197.2| FCFM 892.6
50 50| 531871/ 4019387 1239.1|FUFM 1089.7| GWFM 1089.7|FCFM 1071.4
51 51| 528978] 4018373 935.4| FUFM 935.4| GWFM 3 936.4/ FCFM 630.8]
52 52| 5288394018490 916.9| FUFM 916.9/ GWFM i 916.9| FCFM 810.2, Jr—
53 53] 5286914018674 893.8{ FUFM 883.8| GWFM 893.8| FCFM 589.2
54 54| 528876 4018676 904.1|FUFM 904.1 | GWFM 904.1|FCFM 736.4
55 55| 529129/ 4018238 960.0| FUFM 960.0{ GWFM 960.0/ FCFM 932.5
56 56| 528849 4018281 898.3| FUFM 898.3] GWFM 898.3/FCFM 855.6,
57 57! 531630| 4019281 1290.4| FUFM 1125.8| GWFM 1125.8| FCFM 821.2 e ——
58 58| 531930( 4019532 1225.0| FUFM | 1117.7| GWFM 1117.7|FCFM 813.1
59 59| 5321264019548 1202.7|FUFM [ 1099.0| GWFM 1099.0 FCFM 794.4
60 60/ 531805] 4019365 1250.7 | FUFM I 1090.7| GWFM [ 1090.7 | FCFM 1060.2
61 61| 530777|4016672 1190.4| FUFM | 1127.3|GWFM 1127.3|FCFM 822.7]
62 62) 531737]4018441 1244.0/ FUFM | 1148.0| GWFM 1148.0( FCFM 1102.3 - —
= - 63 63| 531628] 4018542 1248.3| FUFM 1169.0) GWFM 1169.0| FCFM 864.4 M
- 64 64| 530479] 4018940 1235.4| FUFM 1107.4| GWFM 1107.4 FCFM 802.8 : :
| 65 65| 530815] 4016846 1004.4| FUFM 964.8| GWFM 964.8/ FCFM 660.2, \
% 66 66, 530329] 4018921 1253.5| FUFM 1113.3| GWFM 808.7| FCFM 808.7| §
<] 67 67! 531885|4019477 1237.3| FUFM 1124.5| GWFM 1124.5|FCFM 819.9 1
! 68 68| 530831 4016922| 1194.1|FUFM 1161.7| GWFM 1161.7|FCFM 1091.6
‘i 89 63| 530830] 4016996 1202.3| FUFM 1158.1 GWFM 1158.1| FCFM 853.5,
i 70 70| 530909] 4017054 L 1208.6|FUFM [ 1201.6]GWFM 1201.6]FCFM | 11559,
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Greenwater Range Vent Locations

i

Interpretations are based on geologic mapping of area (McAliister 1976, 1973) \

and satellite interpretation of SLAR, SPOT, and Landsat TM imagery.

This ungenerate arc/info file of vent locations was produced on

18 February 1997 by Michael Conway |
2| 536160.5| 40212035 l
0| 536241.75| 4021334.75 ” . Eem—
5| 5321355 40215285 ;
6 533098 4020022.25 :
7| 531966.75] 4018459.75 |
8 531723 4018566 T
9| 531735.5| 40181285 f
0 531741] 4017871
11 531909] 4017199
13 535260| 4017403
15 534381] 4013563 !
16 534141| 4013767 |
17 534777| 4013479 i
19 538389 4013599 \

20 538185| 4017307

21 538461| 4017043

25 537729] 4018603

23 537033 4019551 i
24 537897| 4019407 1
24 540489 4015279 ‘
25 541449] 4014655 |
27 538401| 4011463 s
28 542241] 4010203 )

30 535689 4013671 3
0 536073| 4013991 :
33| 546260.5| 40070535 1
34| 5397855 4004441

14| 534836.5| 4014090.5 1
33| 538874.875| 40173295

32| 54575905 4009405

35 546131| 4007497.5 E
36| 541118.375 4008214.5

12| 536336.5] 40190705

4| 531964.813] 4021695 "

4] 71} 530720] 4016943 1196.8| FUFM 1135.8| GWFM 1135.8[ FCFM 1087.0
72 72| 532072} 4019269 1152.4| FUFM 1065.5| GWFM 1065.5| FCFM 1035.0
73 73| 532204( 4019235 1154.5| FUFM 1061.5{GWFM 1061.5|FCFM 1040.1
74 74| 5321414019375 1140.4| FUFM 1085.5|GWFM 1048.9|FCFM 1048.9
75 75| 5322344019477 11556.0| FUFM 1095.5| GWFM 1095.5|FCFM 791.0
76 76| 532089 4020038 1126.4| FUFM 1028.8| GWFM 1028.8| FCFM 7243
7”7 77| 532042| 4019132 1157.4| FUFM 1065.9| GWFM 1065.9) FCFM 1035.4
78 78| 531942/ 4019141 1168.7| FUFM 1065.0| GWFM 1065.0| FCFM 7604
79 79| 531998|4019205 1165.1| FUFM 1064.5| GWFM 1064.5| FCFM 7599
80 80| 5318644018876 1264.2| FUFM 1081.3| GWFM 1081.3| FCFM 776.7
81 81} 532123| 4018564 1368.4| FUFM 1087.3| GWFM 1087.3| FCFM 782.8
82 82| 5322244018620 1257.5| FUFM 1087.9| GWFM 1087.9[FCFM 7834
83 83| 532192{ 4019046 1149.5|FUFM 1051.9| GWFM 1051.9(FCFM 10153
84 84| 532040| 4019029 1173.6| FUFM 1060.8| GWFM 1060.8| FCFM 1045.6
85 85| 532343| 4018883 1227.4| FUFM 1084.1|GWFM 937.7|FCFM 633.1
86 86| 5323594018951 1218.2| FUFM 1068.8| GWFM 764.3| FCFM 764.3
87 . 87| 5324231 4018841 1224.0| FUFM 1071.5|GWFM 992.3| FCFM 992.3
88 88| 532488 4018701 1206.6| FUFM 1086.2| GWFM 781.6|FCFM 781.6
89 89| 5325074018787 1205.3| FUFM 1086.4| GWFM 1074.2|FCFM 1074.2
90 90| 5323234018705 1226.0| FUFM 1082.7| GWFM 1067.5|{FCFM 1067.5
o1 91| 532185| 4018957 1155.2| FUFM 1066.8| GWFM 1036.3| FCFM 7317
92 92| 532201) 4019142 1140.1| FUFM 1057.8|GWFM 1057.8{FCFM 1018.2
93 93| 632115|4019095 1149.5| FUFM 1055.0| GWFM 1055.0| FCFM 1036.7
94 94| 532120| 4019190 1140.9| FUFM 1034.2| GWFM 1034.2| FCFM 1026.6
95 95| 531864| 4019092 1200.2| FUFM 1067.6| GWFM 1067.6| FCFM 763.1
96 96| 532303)4019192 1139.6| FUFM 1066.5| GWFM 1066.5| FCFM 1061.2
97 97| 532354| 4017758 1237.4| FUFM 1091.0| GWFM 1091.0{ FCFM 1066.6
98 98| 532100) 4017860 1254.6| FUFM 1099.1| GWFM 1047.3| FCFM 1047.3
99 99| 531807)4017637 1263.2| FUFM 1110.8| GWFM 1089.4] FCFM 784.9
100 100} 532079{ 4017436 1236.1{FUFM 1074.6| GWFM 1019.7 | FCFM 7161
101 101} 5322774019077 1154.0{ FUFM 1065.6| GWFM 1032.0{ FCFM 1001.6
102 102} 532365( 4018023 1278.5| FUFM 1138.2| GWFM 1113.8|FCFM 809.3
103 103] 532100| 4018151 1274.0{ FUFM 1097.1| GWFM 1088.0( FCFM 7834
104 104] 532269| 4018992 1167.7| FUFM 1067.1| GWFM 1009.1|FCFM 7046
105 105| 532359| 4018332 + 1264.6| FUFM 1113.7| GWFM 1113.7| FCFM 809.1
106 106) 531805| 4018750 . 1289.3[ FUFM 1097.3| GWFM 1097.3| FCFM 792.7
107 107] 531617 4018224 1296.0[ FUFM 1125.3| GWFM 1125.3| FCFM 820.7
108 108| 631879] 4017362 1255.8| FUFM 1109.5|GWFM 1072.9|FCFM 768.3
109 109| 5324054017348 1179.8| FUFM 1038.1| GWFM 990.9|FCFM 686.3
110 110| 532240| 4017388 1209.5| FUFM 1044.8| GWFM 965.5| FCFM 661.0
111 111] 532096 4017317 1257.3| FUFM 1095.7| GWFM 976.8| FCFM 6723
112 112{ 5320204017516 1254.3| FUFM 1092.7| GWFM 998.2| FCFM 693.6
113 113| 5318394017892 1275.3| FUFM 1101.5|GWFM 1064.9{FCFM 7604
114 120{ 5329754017199 1154.3| FUFM 1109.1|GWFM 1109.1{FCFM 804.6
115 114] 531439 4018661 1202.4| FUFM 1007.3|GWFM 702.7{FCFM 702.7
116 115| 531877| 4018301 1260.1| FUFM 1199.1!GWFM 1199.1|FCFM 894.5
117 116| 5347754018233 1269.5| FUFM 1089.6| GWFM 1089.6| FCFM 785.1
118 117| 5322914019173 997.0| FUFM 997.0|GWFM 997.0| FCFM 692.4
119 118} 5324074018916 1150.9| FUFM 1071.6| GWFM 1065.5| FCFM 916.2
120 119| 533660] 4018174 1216.8{ FUFM 1085.7| GWFM 1006.4| FCFM 979.0
121 121] 532591| 4019133 1229.6{ FUFM 1122.9| GWFM 1122.9{FCFM 8183
122 122| 532560| 4018447 1269.8| FUFM 1108.2| GWFM 971.0| FCFM 666.5
123 123| 533696] 4016952 1169.1| FUFM 982.3| GWFM 924.4| FCFM 619.8
124 124| 532810| 4017370 1215.5(FUFM 1043.3| GWFM 1032.6| FCFM 728.0
125 125| 532635| 4017888 1243.0| FUFM 1108.8| GWFM 1099.7 | FCFM 795.1
126 126| 5318134017192 1250.6} FUFM 1119.5| GWFM 1093.6| FCFM 789.0 -
127 127 531446| 4018884 1308.2] FUFM 1171.0|GWFM 1171.0/ FCFM 866.5
128 128| 530913| 4018146 12454 |FUFM 10534 G‘\%_FM 1063.4| FCFM 7488 B
129 129 531923| 4019120 1172.9{FUFM 1072.3| GWFM «1072.3|FCFM 767.7
130 130| 531592| 4018875 13024 FUFM 1128.7|GWFM 1128.7|FCFM 824.1
131 131| 532607 | 4017498 1220.4| FUFM 1071.0/BWFM 1013.1{FCFM 708.5
132 132| 5332244017299 1186.0| FUFM 1018.8TGWFM 981.7|FCFM 677.1
133 133| 5334694017206 1155.8| FUFM 10034|GWFM 698.8| FCFM 698.8
134 134] 533850] 4017026 1166.2| FUFM 992.4| GWFM 952.7| FCFM 648.2
135 135| 534222| 4017361 1141.8| FUFM 1047.3| GWFM 1047.3| FCFM 7427
136 136| 531333) 4018767 1281.7| FUFM 1139.9| GWFM 835.4| FCFM 8354
137 137| 533142| 4017596 1203.0| FUFM 1058.2| GWFM 1053.7| FCFM 7491
138 138| 533482| 4017381 1166.2| FUFM 1009.8| GWFM 967.1|FCFM 662.5
139 139| 533729/ 4017226 1157.6| FUFM 996.0| GWFM 965.5{FCFM 661.0
140 140| 533228| 4017411 1187.5| FUFM 1019.8| GWFM 1004.6{ FCFM 700.0
141 141| 533278| 4017585 1188.4( FUFM 1045.1|GWFM 1020.7 | FCFM 716.2
142 142| 533003| 4017393 1203.4( FUFM 1032.6| GWFM 728.0{FCFM 728.0
143 143| §32405| 4017520 1229.6| FUFM 1064.9| GWFM 1016.2| FCFM 711.6
144 144| 531611|4018739 1284.8| FUFM 1150.6| GWFM 1144.5| FCFM 839.9
145 145| 5314814018476 12323/ FUFM 1195.7|GWFM 1195.7| FCFM 891.2
146 146 530803| 4018011 1243.8| FUFM 1134.1|GWFM 1134.1|FCFM 829.6
147 147] 6323411 4019007 1203.4| FUFM 1070.7| GWFM 986.9| FCFM 682.3 =
148 148| 531809| 4016713 1282.9| FUFM 1036.0| GWFM 1026.8| FCFM 1026.8 ,‘{"'
149 149| 5332714017200 1181.1|FUFM 986.0| GWFM 949.4| FCFM 644.8 =
150 150| 633519| 4016855 1162.5| FUFM 967.4| GWFM 906.4| FCFM ' 6018
151 151} 533526| 4016562 1171.3| FUFM 933.5|GWFM 629.0| FCFM 629.0
162 152 533863| 4016647 1159.8| FUFM 958.5| GWFM 888.4| FCFM 583.8
534491 4019826
530727]4016811




T

Geological/Geochemical/ Tectonic history of the Greenwater Range and parallels \ ; . 1
with volcanism of neighboring Yucca Mountain . [ G
ww«‘%\/
To do: 1) Put together Geochemistry section incld isotopes of the Funeral Formation. e T
2) List out Figures and Tables + ‘ ,_‘___.__..‘__.._____‘\!/________
, . i
3) Look for aerial-mag anomalies north of Greenwater Range [ ] '
¢ Examine other basaltic fields for volcanic activity at 4.9 to 4.0 Ma : —\! —
o Look for structural hook ‘ TN e !
e If YM and GWR part of same isotopic system than structural domain is secondary T”“"“‘W“““\ P pd
s Note that Pliocene basalts of both YM and GWR are lithologically enriched magmas » 1
* Role of tectonic activity in magma production and effusion onto Earth’s surface Y -
3) Solidify introduction. — L]
4) Note difference in structural domain. b - Volcanism of the Greenwater Range
. — _—
5) Note absence of other work that constrains volume and established flux rate in area. Vol . K d in the G ter R f the 1 Death
: . . . ‘ olcanic rocks erupted in the Greenwater Range are part of the larger eat
-] -— T » frawomstesenny
6) DV-Pancake zone of Farmer et al (89) -- distb. of Pliocene age rocks linke to melting 1 Valley Volcanic Field that extends over an areas of 1300 km2 (Figure 1). Onset of
anomalies in lithospheric mantle. B volcanism here was coeval with late Cenozoic extension and began before 13.4 Ma
7) Possible hook -- detachment zone exhumed and extension largely falling off in the : and continqed through the late-Pleistocene (Wright et al., 1991). On the basis 0; age,
" ! W"‘" . . . . . : : N
area, result at 5 to 4.0 Ma the volcanism shuts down after first going through change from silicic ‘ ; aena! c!lstnbuhon, ‘PetI'OlOglC character, and geochem.lstry,'anht et 'c?l. (1991) L
‘ subdivided volcanic rocks of the Greenwater Range into five lithologic sequences:
Anantomntnd ta lnnaltin Aacii;atad PIURGRE , JRG} | [y SRS Ao - .
] - s Pre-Shoshone, Shoshone, Greenwater, Funeral, and Pleistocene valley basalts. A—
Introduction Outcrop patterns of the five sequences suggests a gradual northwest-ward migration |
) R I Count of vent complexes (Drewes, 1963; McAllister, 1970 and 1973; Haefner, 1976). Poorly —
Pliocene age basalts erupted in the Northern Qreenwate:l .anf.e, r(;yé) toll: ¥ L X preserved remnants of the pre-Shoshone volcanic sequence, exposed in the |
CA, are part of the Amargosa Valley Isotropic Prox{lnce (Yogo ﬁ m; ! anM i t " \ : southern part of the Greenwater Range, are all that remain of the earliest volcanic i
1995) that includes the Pliocene-Quaternary volcanic rocks'of the ?‘f\?a ) our‘;valr; [ 1 sequence. Pre-Shoshone volcanics include rhyolitic ash-flgw tuffs and subordinate !
area, which lies adjacent to the proposed site of the us. ngh-LeveV luc ef“F_ Ellcsi € . intermediate through silicic lava flows erupted in the interval 10.4 to 9.4 Ma; source ‘
Repository. The Greenwater Range is situated in the Death Val!ey'l o ;;;lcs 61‘.§ - area for the ash-flow tuffs remain unknown. Locally, tuffs are intruded by granitic ‘
about ~ 60 km south of Yucca Mountain, NV. On the b"?SIS (.)f simtat r/865r : plutons that floor parts of the southeastern part of the Range and account for local
values (= 0.707) and episilon Nd (= -85 to -11.9), Yogodzinski and Smith (1995) - v propylitic-alteration of the rocks. -
suggested that Pliocene and younger basalts of the northern Greenwater Range and | :
the Yucca Mountain area ate derivatives of the s47it e ook o 'Cl;hse t‘:,t? ' L“ The Shoshone Volcanics comprise silicic lava flows and tuffs that -
areas occury dramatically different structural domains. If Yogodinski ;mbl' rglt are ! unconformably overlie pre-Shoshone volcanics (Haefner, 1976). Exposures of the
correct, however, it can be inferred that magmatic systems are relatively ind o ! P Shoshone volcanics are limited to a nearly continuous, 26-km-long north-trending —
crustal structures. . . . . . . ith \ ‘ ’ belt extending through the south and central Greenwater Range. As defined by
Here we use satellite and high-resolution SLAR imagery in conjunction wi Haefner (1976), the Shoshone volcanic sequence includes the upper part of the

well-log data to identify previously unmapped Pliocene volcanic vents, inc(liuding i | _ “older volcanics” of Drewes (1963). Tuffs were largely erupted in the interval 8.7 to
Somle buried vc?nts,( 13[1 ‘tAhle;int(;itlllg;r(; (ivgf%f)\“ﬁtil‘:{;gi‘i- digi(t’:lpeli:ga‘t"i’sﬂ :ﬁgd;ta an | 7.5 Ma and accompanied unroofing of the Black Mountain/Greenwater Range block
geologic mapping (McAllis , - ,

. - bly high degree of accuracy, volumes of Funeral — (Hoqu and Dolka). O.n the basis of geologic mapping and sparse radiometric data,
(FDEM);_we ssmlr:ate, Wltthdairr\e;?:fr\lao rt}lfile rr% o egnwater Rang:YISparse KAr age . | _ there is some suggestion that lava flows and tuffs young to the northwest (Fleck,
ormation basalts erupte : .

d inati f these basalts suggest that the rafe of vent emplacement here is . R ‘159(7)(;) fOlf the;lfive vog:in};: sequgnce,f this gsn f is7ihe tm; s(tvizlhen}\litcatllyl relsgt;ilc)ted with
ns of thes ) 3 - . i " .
sients;::::tl?at of basaltic volcanism of the Yucca;Mountain drea. This indicates ‘ v i02 of lava flows and tuffs ranging trom 65 to 7% wt. % Tright €t 2
steady-state behavior throughout this isotopic ployince from the Pliocene tc1> tttl\ft 3 Mafic through silicic lava flows and ash-flow tuffs of the Greenwater
present. These results are contradictory to other interpretations (Crowe et al) tha | ' _ Volcanics unconformably overlie the highly faulted and tilted (= 40c east) Shoshone
suggest basaltic volcanism in the area is waning. . | - Volcanics (Haefner, 1976). Greenwater volanics were largely emplaced in the 7 to 5
: ) Ma interval (Fleck, 1970). In the north, the Greenwater volcanics unconformably

Geologic Setting . ) ion of Neogene 1 : i overlie or, less frequently, are interbedded with the Furnace Creek Formation,

The Greenwater Range represents a complex succession o : . P which consists of tuffaceous sediments and evaporites and subordinate mafic
magmatic and tectonic events attributable to gr‘;\sms}1eX1t<er1\1/1510r;;?gsri%\?réfezgﬁ:t-er SR through intermediate lava flows and silicic ash-flow tuffs (Drewes, 1963). To the
slip faulting (Wright et al., 1991). Along with the Black ou helon. right-steppin: south, the basal portion of the Greenwater Volcanics consists of basalts and andesite
Range is situated in highly-extended terrane between the en echelon, right-stepping mersgar e e lava flows interbedded with thin, non-welded silicic ash-flow tuffs and tuffaceous

terminations of two right-lateral fault zones (Fig. 1): Furnace Creek to the nor’th a'md
Sheephead to the south. To the east and west, the block is bounded by west-dipping, i ’ ]
high-angle, range-front faults of the Resting Spring Range and the Black Mountain,

sediments. Higher in the section, rhodacite and rhyolitic ash-flow tuffs and glassy
dacite lava flows and flow breccias associated with dome complexes dominate the

respectively. High rates of subsidence as evinced by more than 3600-m thick : R S ——— sequence (Drewes, 1963; McAllister, 1970; Wright et al., 1991). Chemically, volcanic
sedI;mentary deposits of the Neogene Funeral, Furnace Cree}(, and Artist Drive £ | ‘
Formations reveal a significant vertical component to the right-lateral Furnace - st

Creek Fault located just west of the Greenwater Range (Wright et al., 1991). The -

Greenwater Range extends about 35 km N-S and 5 to 10 km E-W. Squth of L e

Greenwater Canyon, the Greenwater Range is cut by northeast-trending normal ‘

faults. North of Greenwater Canyon, faulting largely consists of poorly exposed (7)., W3

and discontinuous north- and northwest-trending faults.
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rocks of the Greenwater Formation range from low-silica basalt through high-silica
rhyolite and show a distinctive calc-alkaline affinity (Wright et al., 1991). The next
volcanic: sequence, the Pliocene Funeral Formation, unconformably overlies the
Furnace Creek and Greenwater Formations and is generally confined to the
Greenwater Range north of Greenwater Canyon. )

Pliocene, Volcanism of the northern Greenwater Range. The northern
Greenwater Range hosts numerous Pliocene basalt volcanic centers. Most eruptive
centers are cinder cones, but at least one deeply eroded shield volcano, comprising at
least 20 cooling units, is exposed in the walls of an avalanche scarp at the northern
end of the range. Radiometric dates for Neogene basalts are sparse, but a K-Ar date
of 5.4 + 0.2 for the uppermost vitrophyre member of the underlying Greenwater
Formation provides a maximum age for basalts of the Funeral Formation (Fleck,
1970). Additionally, several K-Ar age determinations from Funeral Formation
basalts exposed in the northern Greenwater Range and along the eastern slopes of
Black Mountain indicate basalts were largely emplaced in the interval 4.8 to 4.0 Ma
(Fleck, 1970; McAllister, 1973). The scarcity of interbedded conglomerates in
northern Greenwater basalts is consistent with rapid effusion of basalis unbroken by
sedimentation (Drewes. 1963). Funeral Formation basalts are geneally unfaulted
and either tilted gently to the east (between 5 to 150) or are flatlying indicating that
the rate of tectonic deformation in the eastern Death Valley area has decreased
during the past 5 Ma.

Vents in the northern Greenwater Range are situated between 925 to 1325 m
above MSL with the majority of vents cropping out in the Range interior several
hundred meters above the neighboring valley floor. Although highly dissected,
vents remain in conspicuous positive relief and are distinquished by the presence of
vent breccias, bombs, scoria, and occasionally by palagontonized tuffs. According to
Wright et al. (1991), vents of the northern Greenwater Range generally young to the
northwest. Previous mapping (McAllister, 1970, 1973) noted the distribution of
agglomerate associated with vent facies, but did not resolve individual vents. Using
Landsat TM images (25-m resolution) in tandem with high-resolution SPOT
panchromatic (10-m resolution) and x-band side-looking airborne radar (12-m
resolution) images, we were able to identify individual vents. This method works
largely because highly oxidized and hydrated basaltic glass and rock of vent facies
have a distinctive signature in the reflected near-IR range (2.08 to 2.35 um
corresponding to Landsat band #7) (Farrand and Singer, 1992), which permits there
ready discrimination from surrounding basaltic lavas and alluvium.

Using the satellite and airborne rader data, we identified 25 basaltic vents
from Greenwater Canyon north to the northwest perimeter of the Range (Fig
Slar/TM).  Field investigation and geologic maps (McAllister, 1970, 1973) confirmed
the accuracy of this method. Figure slar/tm (map) reveals that vent density
increases northwestward, reaching a maximum on the basaltic plateau south of
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Ryan. In addition, we identified at least 9 buried vents in wells drilled by U.S. Borax.

Identification of buried vents is based on well-log descriptions of material
representative of vent facies deposits, including: agglomerate, consisting of oxidized
bombs and coarse scoria, agglutinate, and rarely, orange-brown palagonitized tuff.
Probable vent facies deposits were reported from 20 wells, but a number of these
were either very closely spaced < 150 m, or situated adjacent to exposed vents and in
all likelihood represent replicate samplings of a previously identified vents. Buried
vent deposits rdnged from 15 m to 40 m thick and were generally encountered at
shallow depths, between 5 to 10 m below the surface. Four vents, however, were
encountered at depths of 40 to 70 m. In summary, at least 35 vents erupted in the
northern Greenwater Range in the interval 4.8 to 4.0 Ma, yielding a vent production
rate of slightly more than 4 vents per 0.1 Ma.

Geochemistry and Isotopic Composition of Funeral Formation Basalts

The Funeral Formation consists predominantly of basalts with subordinate
basaltic andesites and rare andesites; SiO2 ranges from 45 wt% to 57 wt %.
(McAllister 1970, 1973; Wright et al., 1991). Basalts contain less than 10 modal %
olivine, clinopyroxene, and plagioclase phenocrysts in a groundmass of plagioclase,
cli;\opryoxene, and Fe-Ti oxides. -Geochemically, these rocks straddle the alkaline
and subalkaline fields and both nepheline and hypersthene normative rocks occur.
Basalts of the Funeral Formation are typical of Pliocene mafic volcanics of the
southern Great Basin (Crowe, 1983; Wright et al., 1991).

In the most detailed isotopic study of the Greenwater Range yet, Milling
(1993) showed that Funeral Formation basalts epsilion Nd compositions between -
4.3 and - 13.6, and 87Sr/86Sr from 0.7067 to 0.7097. Pliocene and younger basalts of
exposed near Yucca Mountain, NV, On the basis of isotopic composition (largely .
episilon Nd 87Sr/86Sr values), Yogodzinski and Smith (1995) grouped Pliocene and
younger basalts of the Death Valley volcanic field, including basalts of the northern
Greenwater Range, with similar aged basalts of the Yucca Mountain area into the
Amargosa Isotopic Province (Fig. 1). According to the author, basalts of the
Amargosa Isotopic Province are characterized by exceptionally low episilon Nd (=8.5
to 11.9) and high 875r/865r (= 0.707).  Yucca Mountains

In the Yucca Mountain area, Thirsty Mountain erupted at 4.6 Ma
contemporaneous with volcanism in the northern Greenwater Range. The activity
at Thirsty'Mountain, however, followed a nearly 3 Ma hiatus in volcanism at Yucca
Mountain.

Volume of Funeral Formation Basalts

The Funeral Formation consists predominantly of basalt lava flows (typically
5 to 10 m thick; Wright et al., 1991) intercalated with subordinate conglomerates and
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fanglomerates (Drewes, 1963)." At one time basalts of the Funeral Formation
probably formed a thin vender over much of the central part of the Death Vally
volcanic field (Wright et al., 1991). Due to erosion and burial by later alluvium
basalt outcrops are now restricted to mesa tops and ridge-capping dip slopes (Wright
etal., 1991). From 1982 to 1995, U.S. Borax, Inc. drilled 145 wells through the*
Funeral Formation in the north-central part of the Greenwater Range. Using well-
log descriptions provided by geologists of U.S. Borax, Inc., , we constrained thickness
of the Funeral Formation in the north-central and northwest part of the Greenwater
Range to between 20 m and 230 m, with an average thickness of ~ 130 m.
Contribution of basal conglomerate and sparse interbedded conglomerates to
Funeral Formation thickness ranges broadly from < 1 % to 73 %, but on average
makes up about 11% of total formation thickness. Thus, in the Range interior,
basalt lava flows and vent facies deposits comprise nearly 90% of the total thickness
of the Funeral Formation.

Because well-log data are confined to the north-central part of the Range, we
augmented well-log data with estimates of formation thickness inferred from
geologic maps (McAllister 1970 and 1973; Drewes, 1963) in order to accurately
estimate volumes of Funeral Formation basalts. Along the east perimeter of the
Range, contact with the underlying, broadly folded volcanics and sedimentary rocks
of the Furnace Creek Formation is reasonably well-exposed, allowing thickness
estimates to be made with little difficulty. To the southwest, stratigraphic contacts
are commonly masked by Quaternary alluvium hampering thickness estimates.
Fortunately, U.S. Borax wells drilled just north of this area provide a baseline for
estimating formation thicknesses.

Volume calculations were made using the layer volumetrics package in
Earthvision® (Table 1). The uppermost surface of the Funeral Formation was
constrained using a digital elevation model (DEM) with a resolution of about 30 m.
Local accumulations of Quaternary alluvium, which are generally 1 to 5 m thick,
were ignored. A basal surface for the Funeral Formation was constrained with
thickness data described above. This surface contains more than 3000 data points,
most of which define the perimeter of basaltic outcrops of the Funeral Formation.
For calculation purposes, a suite of eight clipping polygons (total area ~ 64. 4 km2)
were used to laterally isolate basaltic outcrops of the Funeral Formation from
adjacent areas. Volumes of the eight polygons range from 3.5 km3, for the north-
central plateau, to 0.018 km3 for isolated outcrop north of the Range proper (Table 1).
A total volume of 4.27 km3 was calculated for the Funeral Formation of the
northern Greenwater Range. Approximately 90% of this, or 3.8 km3, represents
basaltic vents and lava flows; the remaining 10% includes basal conglomerate.
Because of erosion of the northern Greenwater Range and because of burial of
basalts by alluvium in Greenwater Valley and Purnace Creek Wash, the calculated
volume represents a minimum for basaltic magma erupted in this area. In order to
constrain a likely maximum of basaltic magma erupted in the northern Greenwater

i
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Range, we madeé a conservative estimate of the total area once covered by Funeral

Formation basalts (87 km2 and assumed an average thickness of 75 m.

This latter

value seems appropriate because it represents the average thickness determined for

the north-central part of the range where formation thickness is well-co

nstrained by

well log data. The resulting volume is 6.5 km3 . Because the enlarged area

encompasses the lower flanks of the Range, including portions of the G

reenwater

Valley and the Furnace Creek Wash, it is reasonable to expect a, greater contribution

of basal conglomerate to the total the volume of the Funeral Formation, Assuming

that the proportion of basal conglomerate increases from 10% to 15 or 20% of the
total thickness, the resulting volume of Pliocene basat erupted in the northern

Greenwater Range is between 5.5 to 5.2 km3,

<.
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Greenwater Range Contacts

Borax
US Borax Inc.

Jerry Aiken (Senior Geologist)

5671 N. Oracle Road, Suite 1101 .
Tucson AZ 85704
520 293-3650 .

Fax 520 293-4017

US Borax Inc.
Dr. Barry N. Watson {Chief)

International Borate Exploration
5671 N. Oracle Road, Suite 1101

Tucson AZ 85704
520 293-3650

Fax 520 293-4017

US Borax Inc.

Steve Carpenter (Geologist)
26877 Tourney Rd.
Valencia 91355

805 287-5558 ;
¢

Spoke with Watson on 30 March he gave me Carpenter’s number.

Spoke with Steve Carpenter on 30 March and he provided the following info:

e US Borax has drilled about 100 holes through Funeral Fm. basalts

' e Use air method -- down-the-hole hammer and std circulation
: e Reverse circ. a pbl because of perched aquifer in Funeral and more typ

Furnace fm.

« Geologist on site samples basalts every rod (20 ft)
o Steve indicated that'they had gotten some basalts analyzed and dated.

P ¢ He estimated that basalt thickness ranged from 100 to 600 ft thick.
P * They have plans to drill 8 holes over the next 4-5 months, 2 to 3 miles SE of

54

# Ryan. _ :

L « Steve is on drill site sporactically, once or twice a month but will meet with
us sometime in the summer if we like -- he is on vacation during the April
trip.

Other Contacts:

.

Bob Green -- USGS emeritius, Menlo Park, retired -- recent abstract

Ren Thompson -- USGS, Denver

i
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Mot o DEM fplumndi sopptedy, SPOT

€1 = 10.00 -
C_2 = 1000.000
D_0 = 4052010
D_1 = 10.00
D_2 = -1000
X Y (UTM11l) ——> I J (PIXELS)
.
I=(CO0+C2*X) /cC1
J= (D 0+D2%) /D1
_ I*
—— I*
END OF BEATTY JUN 28 1996 COPYRIGHT ISTAR 1996
— I*
ISTAR IS A REGISTERED TRADE MARK OF ISTAR INC
—_—— I*
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FILE : orthor 502 _4052_10.bil ORTHO RIGHT PANCHROMATIC

&
ZONE : BEATTY
COMPUTED JUN 28 1996 FROM: S

SPOT DEM PANCHROMATIC REF : BEATTY JUN 28 1996

SPOT PANCHROMATIC RIGHT

SPOT  : 2
CAMERA : HRV1 .
DATE  : JUNE 13 1993

LEVEL : 1A
K=-J : 543 277

PIXEL_SIZE: 10.00 METRES
FORMAT: BIL

R ——
ANGLE : 20.6 EAST

IMAGE SIZE: 6900 LINES 7600 COLUMNS

IMAGE SIZE:
X AXIS ALONG LINES : 76 KILOMETRES FROM WEST TO EAST
Y AXIS ALONG COLUMNS: 69 KILOMETRES FROM SOUTH TO NORTH

COORDINATES AND GEOMETRIC TRANSFORMATION MODELS

CARTOGRAPHIC PROJECTION : UTM11
REFERENCE ELLIPSOID : NAD27
REFERENCE MAP + 1/24000 USGS

COORDINATES OF CORNERS

IMAGE COORDINATES r

Cl: CENTER OF PIXEL 1 1 FIRST LINE FIRST PIXEL .
C2: CENTER OF PIXEL 1 7600 FIRST LINE LAST PIXEL

C3: CENTER OF PIXEL 6900 1 LAST LINE FIRST PIXEL

C4: CENTER OF PIXEL 6900 7600 LAST LINE LAST PIXEL

CARTOGRAPHIC COORDINATES

Cl: X = 502
Y = 4052
C2: X = 577.990
Y = 4052 ‘ k.
C3: X = 502
Y = 3983.010
C4: X = 577.99%0 L
Y = 3983.010

COORDINATES OF PIXEL : I J B I

A 0 = 501.990

A_l = 0.010

B_0 = 4052.010

B_1 = -0.010 "
I J (PIXELS) ——> X Y (UTM11)

X =RA0 +A1*I 5
X =B 0 + B_1*J :

IMAGE COORDINATES OF GROUND POINT : X Y
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" AVERAGE ALTITUDE : 762.1 METRES -
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ESTIMATED ALTIMETRIC RMS: 11 METRES
ccm————————
NOTE S
S ITHE DIFFERENCE BETWEEN THE TWO SHOTS IS 28 DAYS WHICH GIVES . .
. THE MATCHING ALGORITHM GOOD ACCURALY AND DECREASES THE MAXIMUM ERRORS,
e ——— VISUAL INSPECTION AND CORRECTION CONFIRMED THAT GOOD MATCHING
WAS OBTAINED, [S——
- THE SURFACE COVERED BY THE DTM IS 3599.954 SQUARE KILOMETRES
s T ¢
COORDINATES AND GEOMETRIC TRANSFORMATION MODELS —
————— S
CARTOGRAPHIC PROJECTION 1 UTM11 mes—
REFERENCE ELLIPSOID : NAD27
S REFERENCE MAP 1/24000 uses
JE— COORDINATES OF CORNERS
] IMAGE COORDINATES
e
Cl: CENTER OF PIXEL 1 1 FIRST LINE FIRST PIXEL [remm—
SRR 3 C2: CENTER OF PIXEL 1 3800 FIRST LINE LAST PIXEL
C3: CENTER OF PIXEL 3450 1 LAST LINE FIRST PIXEL s
! ; C4: CENTER OF PIXEL 3450 3800 LAST LINE LAST PIXEL
L ——
CARTOGRAPHIC COORDINATES
LA A §
C1: X = 502 I
‘ 5 Y = 4052
] c2: X = 577.980
Y = 4052 -
SEDUUN— C3: X = 502
Y = 3983.020 Rt
. ca: X = 577.980
Y = 3983.020
S COORDINATES OF PIXEL : I J
A_0 = 501.980 ‘
- A1 =0.020
B 0 = 4052.020
U B 1 =-0.020
T J (PIXELS) ~—> X Y (UTM11)
X =20 +Aa1* I
‘ X =B0 + B 1*J
IMAGE COORDINATES OF GROUND POINT : X y
C_0 = -501980 E—
) C 1 =20.00
' C_2 = 1000.000 I
D_0 = 4052020
D_1 = 20.00
D_2 = ~1000 ——
X Y (UTMI1) —-> I J (PIXELS)
I=(CO+cCa*x) /c1
J=(D0+D2%v) /D1 ——
—— I* —————————————————————
4
¢
g RIS S,




l"j'5’ ATM 1%

Mot om DEM A ousendi spptaly, SPO]

AN A=)

—
ISTAR 199§ GEOGRAPHIC DIGITAL PRODUCTS
REF : BEATTY JUN 28 1996 *

. ISTAR
’ ESPACE BEETHOVEN
ROUTE DES LUCIOLES
SOPHIA ANTIPOLIS
06560 VALBONNE
TEL : (33) 93 95 81 23
FAX : (33) 93 95 83 29

—

FOR ADDITIONAL INFORMATION PLEASE CONTACT :

SALES DEPARTMENT M. BEINISH
PRODUCTION DEPARTMENT M. FLEURY

- I*

DATA' STRUCTURE

¢ 1 TAR FILE CONTAINING
FILE : Entet INFORMATIONS
FILE : dem 502_4052_20.bil SPOT DEM PANCHROMATIC
dem_502_4052_20.hdr
FILE : orthor_502_4052_10.bil ORTHO RIGHT PANCHROMATIC
orthor 502_4052_10.hdr

e T
FILE : Entet . INFORMATIONS
DATA ARE ENCODED IN ASCII
— %
FILE : dem 502_4052_20.bil SPOT DEM PANCHROMATIC

ZONE : BEATTY COPYRIGHT ISTAR 1996
COMPUTED JUN 28 1996 FROM:

SPOT PANCHROMATIC RIGHT HRV1 JUNE 13 1993 LEVEL 1A K-J=543-277
SPOT PANCHROMATIC LEFT HRV1 MAY 17 1993 LEVEL 1A K~J=543-277

AND FRQM 22 GROUND CONTROL POINTS FROM :
38 OF 1/24000 USGS

PIXEL SIZE: 20.00 METRES
FORMAT: BIL

IMAGE SIZE: 3450 LINES 3800 COLUMNS
IMAGE SIZE:
X AXIS ALONG LINES : 76 KILOMETRES FROM WEST TO EAST
Y AXIS ALONG COLUMNS: 69 KILOMETRES FROM SOUTH TO NORTH

FOR CHECKING PURPOSE:
Z_VALUE AT PIXEL NUMBER 1901 LINE 1727 : 837.500 (METRES)

MINIMUM ALTITUDE : ~121.4 METRES
MAXIMUM ALTITUDE : 2033.5 METRES
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K ' Dear Mike,

Please see Francois' comments below and let me know if you have any
questions. My understanding is that your DEM is in meters units, but
that to take elevations below sea level into account, ISTAR starts at

-10000 as a standard process.

Colleen

Forward Header

Subject: Re: Z units
author: Francois Zamora at SICORP
Date: 7/15/96 10:05 AM

Colleen,

The DEM has been delivered with the following formula:

Elevation (m) = (Pixel value - 100005 / 10

',
H Mike can load the DEM in ArcInfé and ask during his course how to:
H - apply this formula and saving the output file,
- - make a 3D visualization with the Orthoimage overlaid
i _in transparency_ on top of his DEM
I - how to integrate his other layers of information
i v .

H Thanks/ H

20
i . Francois
4: Reply Separator 3
| Subject: Z units .
| Author: Colleen Cochran at SICORP
ﬂ Date: 15/07/1996 08:36
i
pr
. Francois,
I~ Is this something you could help Mike Conway. with? Please let me »
) v know. ‘
™ ‘

||
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. I'm working with the DEM data and it looks pretty good. I'm running across one
problem, however. ‘The elevation data (Z) are in units that are totally beyond
my understanding. I requested and expected elevation data in meters. If you

get a chance could you speak with the ISTAR folks and find out what the story

is.
I'll be in and out next week -- taking an ARC/INFO course --, but please drop me

a line when you get a chance. 1I'll let yéu know when the SPOT level 1A images
come in. -

Again thanks for all your help.

Mike Conway
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Camargo Volcanic Field Resoufces

Hard Copy

Aerial Photographs of entire field
Photogeologic map of field
1:50,000 maps of area

1 500 000 (?) geologic map of area

On-line data

Vector coverage of photogeologic map (vent locations and faults)

DTED 93-m ground cell resolution DEM
Landsat-MSS (80-m ground cell resolution)
Landsat-TM (30-m ground cell resolution) ~ ~
EarthVision model of DTED surface

© P g
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~ Camargo Volcanic Field: Digital Shaded Rellef\
DTED 93-m ground cell resolution - |

|
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Camargo Volcanic Field Maps -

This series consists of 8 rﬁaps 2 digital shaded relief maps from Arc/Info, 2 Landsat
TM scenes from ERDAS-Image, 2 vent/fault distribution maps, and 2 slope maps
that differ only in the use of color in one.

1) Gray—shaded'digital shaded relief map, scale 1:115,000. Scene is illuminated from
the west (260 degrees) at an angle of incidence of 40 degrees.

¢

2) Colored digital shaded relief map, scale 175,000.

3) Landsat TM Band 5, scale 1:120,000. High contrast band 5 was used to enhance
fault zones and as a base map for labelling fault zones.

4) Landsat TM Bands 7, 4, and 3. This band combination highlights spectral
differences between highly oxidized vent facies deposits and neighboring lava flow
fields.

5) Vent distribution map with a total of 308 vents. Vent locations digitized from
geologic map of Jorge Aranda & Co. Numbers represent internal Arc/Info vent-id

_number. In‘order to correlate with your vent numbering system, we need
corresponding vent number from your maps.

6) Map of faults and vents digitized from Jorge Aranda & Co.’s photogeologic map of
Camargo Volcanic Field.

7) Slope Map of Camargo Volcanic Field (gray-scale and color version -- parameters
are identical).

2t
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3090000
3080000
3070000
3060000
3050000

3040000

UTM coordinates are approximate and are intended solely to indicate the general order and distribution of air photos.

West
530,000

Camargo Volcanic Field: Aerial Photos

East
600,000

R121-20-22

R120-21-16

R121-6-22

R120-6-16

North

South
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Making Colored Shaded Relief Maps
This process begins in arc_grid, moves to XV, via gridimage command, and ends up
somewhere in usr/people/4dgifts/iristools/imgtools (pbl cglue, blend, or composite
or some combination of these and other utilities.

The Process:

What is required are three different images (grids) mapped into hue (or color
-~ this is driven by elevation of dem), saturation (usally set uniformily at 40 %
throughout), intensity (or value and is driven by shaded relieve map).

Processing noisy DEM: -

a) use FOCALMEAN (in GRID) to “average” cells (eg., 3x3 default, but uneven
averaging (eg. 5x7) works well for averaging grids with noise in certain direciton.
FOCALMEAN should be run on original DEM prior to other analysis.

Creating GRIDCOMPOSITE

Let shaded relief drive intensity (value)
Let elevation drive hue (color)

In arc_plot or arc_grid

GRID for hue

huel00 = int ( 100 * (dem_grid - minimum ele value) / (maximum elev -
minimum elev)) use of 100 is optional but is a nice middle of the road value.

GRID for sat

satd0 = con ( huel00 == 0, 40, 40)
this produces neutrally and throughly gray grid for processing

GRID -- shaded Relief grid for intensity ( this must be normalized)

new_shd_rlf = int (100 * (shd_rlf_grid / 254. 0))
*shd_rlf_grid should consist of values from 0 to 254.

In ARC_PLOT \O

gridcomposite huegrid satgrid intengrid compgrid
this allows final results to be reviewed.

73

NEXT

?SCREENSAVE? -- in arc/info ?? ]
Save grids out using gridimage as sunrastor files

Open sunrastors using XV and save as IRIS RGB (normal size files)

Next ) )
Go Iris/imgtools to determine how to combine three grids.

SAVING and PRINTING GRIDCOM in ARC/INFO

ol

GRA.metafile . At ARC prompt GRA. file can be used to create *.ps file:

ARC: postscript GRA.metafile new_file.ps

The only way to do this is to save grid, using AML supplied by R. Martin,
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Camargo Volcanic Field:
Vents, Faults, and Ar/Ar Ages
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this brings out areas of different composition -- less then successful -
in Saline.

ERDAS Menu

1) Download digital data and inspect header information for array size and
projection.

2) Using import of Imagine:

generic binary
BSQ

3 7 or 4 bands “

array size (from header)
block, header, and Trailer are typically 0

3) Produce image file of area of interest

Interpreter

81

10) Interpreter

utilities : .
subset 7 ‘{

4) Do contrast stretch

Typically histogram equalization
or std deviation

5) In Interpreter do edge enhancement to sharpen image

Use spectral ,

3*3 kernel edge enhancement from default library

v

6) Perform indice rationing
a) composite mineral ration of 7/54/3, and 3/2 (?)

this brings out areas of different composition ;- less then successful in

Saline Range g

s
K

)
N
¥a

L X
7) Making a color table for one band data: radar,,rf;‘égﬁetics, gravity
* open raster file with pseudo-color ‘

¢ under raster pull-down menu Attributes
e choose color

s save if so desired.

8) Radar image enhancement:

Speckle Suppression -- good results

2

Edge enhancement -- tends to overemphasize edges at expense of clarity

9) Image to Image rectification

y

ey
R
|
4 . ’ W
sm———————"]

\ DO QP“%W’A o

Source image -- image to be rectified
Dest. image -- image to be rectified to (control image)

Within source
e Rastor pulldown =

¢ GCP menu

select gnd points in source and dest.
¢ Calculate transformation
e Save transformation .cff file

.
* open source image

 Resample (using .cff file)
Done

Resolution Merge

Merging high-resolution data (Slar) with multi-spectral data -- projection
must be same but cell size can be different.

Swap Space on order of 6x largest scene required for use

Commonly Princ Comp or Brophy Method used with either NN or CC.
Work well with 12 res. SLAR and 30 m res. TM scene -
No results with merge of TM and SPOT -- could be file size (700

mega bytes are too large -- numerous €rrors reported)

11) Interpreter:
» Topographic Analysis
e Contour -- allows Dem data to be contoured at sel.
interval.

12) Vector
Vector editing enabled
1) able to grab and move all or individual vectors

2) able to manipulate properties of vectors and polygons

13) Map Composer
Can map polygons and vectors onto TM-SLAR image and than

delete image leaving UTM correct vector coverage.

To print color symbology assn. with a vector file, you must first
edit the vector coverage and save out an evs. file with symbology. Than

go into map composer and make map. .

14) INFO from DEMONSTRATION

a) Relief tool is robust and using 2nd-3rd button on mouse allows
rapid change in az, orientation, and elevation

13500 9 .
. 48
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b) geolink/unlink t(: link two scenes in the same projection.
¢) Vector Query -- way of extracting info on vectors

d) Feature Extraction -- vector coverage “Region growing
properties” * “seed properties” means of quickly and effectively mapping
areas with unique spectral characteristics. -- should try on Saline Range.

e) Loading low-resolution image on top of high-res. image in the
viewer has the effect of resampling low-res. at the higher resolution.

15) Working with Vectors

a) open attributes and create new column
b) using apple 3 command bring up hidden menu
¢) select Formula - write in new ID code after highlighting column and
selecting the arc(s) or polygon(s).
d) SAVE
e) Clear screen
f) VECTOR ICON -- “build topology”
This last step must be completed after adding or subtracting vectors.

Vector Symbology editing -- ie changing colors, line widths, etc of indiv.
vectors

a) open vector and enable editing

b) open symbology

c) select editing format -- unique etc.

d) under editing select editing or expressio:

e) doit. :

f) save symbology ;

16) Saving Shaded Relief and vector coveages as IMG. files
a) VIEW go to view to img.

b) Save view to img. {
c) proceed from there. ;,,; v
Mo
17) Overlaying (draping) img. files (ie. Spot image) ’qﬁ DEM
a) Interpreter -

b) Topographic Analysis

83

~radar.

H S C) Shaded Relief [E——
£ reseemme————— 1) Set DEM. img, file o
2) Ck overlay and set Sat.img file .
—————— 3) Set AZ, DEM mag., Illumination, etc.
| . Be forewarned: there are memory limitations and you cannot overlay a
o whole SPOT scene but must subset it. S
e 5
!| e ‘ —
&l L
! . e
J_ﬂ o
WY
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Met Peter Price -- EISYS a distb. for SPOT and knowledable about
both ERDAS and SPOT -=a geologist with 15 years experience in remote
sensing and 10 years in oil industry -- presently doing remote sensing for

industry incld. oil and gas.
a) He recommended getting in touch with SIR-C for multiband

b) He volunteered to give a professional talk some afternoon on

topic of our choice
¢) He is familiar with the RS lit. and was cordial to the idea of

sharing the wealth.

GEQ-coding SPOT Level 1A images

Registration advice sought and freely given by Terry Bush (SPOT) and
Arman (ERDAS) for geocoding SPOT images in ERDAS. .

1) Pick 10 -12 well-distributed GCP from both high and low ground

2) Use 2nd order polynomial to geocode figure
3) Registering to TM scene is ok, but better to register to USGS

source

Converting USGS compressed DLG files into format suitable for Erdas.

1) Copy off of CD-rom onto scratch disk
2) unzip* using one of several decomprssion tools in

- mconway /bin/

3) use rons script in meonway/bin “up2lowxferIRIS.s” to change
names and add necessary .dlg suffix.

Loading Imagine - ERDAS *.img files into Arc/Info

1) Prep *.img file -- process, rectify, etc.
2) using image in ARC/INFO 7.0 edit simply pull the image in
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ERDAS Log
Started 22 March 1996:
Capabilities:

1) Read in TM bands using IMPORT/BSQ

2) Read in DEM data using IMPORT/DEM

3) Compiling TM bands into 1 scene

4) Image processing of TM: contrast stretch, edge enhancement
INDICES, etc

5) Mosaicing DEM data UTILITY/MOSAIC

6) Making SLOPE maps of DEM data

7) INTERPRETER: SHADED RELIEF & CRISP functioning well.

8) Read in SLAR rastor file after saving it out as *.gis file in Arc-Info

9) Generating color table for 1 band data

Remote Sensing Methods

1) Download digital data and inspect header information for array size and
projection.

2) Using import of Imagine:
generic binary

Y. ./ ?mi‘)c,chF\A-kU [ Ve 77

Z W (997
)

MW,NOMQ@«,,(I;

SEE  SsteTeE oot O
A S 77 I

=17
N 1777~
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" L/
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T pCtEdTicn e MOTEBeoK 1S 10 BI= CLOSED BT
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T~ /<198 A Hoamiiee TN )L g
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BSQ
7 or 4 bands \

array size (from header) . \
block, header, and Trailer are typically 0 . \
3) Produce image file of area of interest | ' .
Interpreter - \

utilities P - ‘ \
subset g

4) Do contrast stretch : N -
Typically histogram gqualization ! \
s or std deviation ” \
; ; 5) In Interpreter do edge enhancement to sharpen image : \
gmllll Use spectral ’ 4
3*3 kernel edge enhancement from default librar \
| ~ E— 8 y %
éw—-—-—m 6) Perform indice rationing
f:(]'nm a) composite mineral ration of 7/5 4/3, and 3/2 (?) AN
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