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Notes on Model Study

Velocities
Velocities determined on basis of:

4. Primarily using velocity/density relationships
in Figure 9.3 of Clarke (GSA Memoir 97).

b. Pinal schist velocities determined as in a, above,
and then reduced by 2000’ /sec to account for
larger atomic number of mafics.

€. Arbdbitrary assignment based on experience:

Dump material - 1000’ /sec
Leached zecne (Lz) - 7000’ /sec
Wide fault zones (>50’) - 1500'/sec

Modifications of Cross Sections

1. Cross section B=B’ was not used as no velocity
contrast was apparent.

2., Added leached zone above ore to test capability of
program to define it. This is not an important problem
as refraction data will be gathered in conjunction
with the tomographic data.

3. Arbitrarily assigned a fracture zone at least 50’
wide to certain faults. These faults are noted with
a cross bar on the cross sections.

Model Parameters

1, Velocity cells were 50' squares.

2. Used 50' separation of sources and receivers.

3. All receivers on surface —- all sources in drill holes.

4. Used straight ray paths to reduce computer time. No
significant error believed to result on section A-A'.
The complexity of C-~C’ would have been bettered handled
using curved ray paths.

3. Model resolution is a function of the number of ray
paths which traverse the cells. This means that in
areas of sparse ray paths, the tomographic solution is
not optimum. This cen be seen by comparing the
tomographic sections with the original section in the
deeper zones where ray paths are lacking.
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FIGURE 2: Original data provided.
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" TYPE OF SPLINE: SMTHD., ORIG.
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Figure 5: Cross Section C-C' without 50’ wide fault zones and
with leached zone and dump. Contour interval is

2.5 1000'/sec.
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March 7, 1988

Mr. Steve Eady

Phelps Dodge Corporation
Western Exploration Office
Copper Queen Branch
Bisbee, AZ 85603

Dear Steve,

It was a real pleasure visiting you last week. Thank-you for the
hospitality and the very informative field inspection of the proposed
exploration sites. The following day, Tony Hauck, Phil Mathews and !
had a constructive meeting concerning the applications of seismic
methods.

For the last week, we at CGl have been directing considerable
attention to coming up with a substantive program which will meet your
company's requirements. As we presently understand, these
requirements are as follows: '

1. A geophysical investigation program
must ultimately result in
your being able to accurately delineate
and map fault structures, vertically as
well as horizontally, on the site of the
Cochise mine project.

2. This program must be accomplished in
an efficient and economic manner.

3. Some assurance of success,
commensurate with expenditures on
the program, must be cffered the
company.

In order to meet these requirements, we feel that a small first
phase, consisting of an intense effort directed along a single line on
the east hill is warranted. Along this line, the following data would be
derived:

1. 24-fold reflection seismic data,

2. refraction seismic data, and

3. one or two down-hole velocity measurement
surveys in existing drill hole(s).

REPLY TO: P. O. Box 1602/Redding, California 96099/(916) 241-3167
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Although 24-fold data would be acquired in the field, the data
would be processed not only as 24-fold, but also as 12-fold and 6-fold
in order to assess utilization of less expensive routines. If 12-fold or
6-fold field data yielded acceptable final sections, a very significant
reduction in costs of future work would be realized. To provide better
parameters for the processing phase of the work, we would supply
velocity measurements from both refraction data and downhole work.

Such a program will supply base-line data concerning the
capabilities and costs of CGl's seismic effort. From this foundation,
PHELPS DODGE can assess the utilization of the method and hence a
program which will meet the needs of the project can be designed.

Included in the baseline data, PHELPS DODGE will have a
reflection seismic profile and a geologic section interpreted therefrom.
The primary objective of obtaining this data is to delineate faults, and
every technology within the seismic geophysical realm known to this
office will be considered. | feel confident that the first phase will yield
usable structural information on the vertical extent of the faults.
Please see Appendix with examples of seismic lines. But also, the
survey will yield seismic velocity data on which engineers can assess
excavation costs and slope stability.

There is an operational advantage to the first phase. By
accomplishing the field data acquisition this spring, we could have the
summer to process and evaluate the data. Thus the data acquisition in
the field could be resumed in the more favorable cooler weather of late
fall or winter.

Seismic exploration has not received routine use in the copper
mining industry. The main reason for this is that geophysical work has
been limited mainly to the exploration phase, and has been directed
largely to the detection of metallic sulfides. Induced polarization is the
main method used by the industry.

Geophysical methods based on potential theory such as induced
polarization tend to lose reliability and resolution at depths in excess of
several hundred feet. The induced polarization method was perfected
mainly to detect metallic sulfides. The method was not developed for
the purpose of defining geologic structure.

The task of defining geologic structure falls on the more expensive
seismic methods. These methods have been undergoing development
since the 1920's with their main puyrpose being to define and map the
geologic structures and rock units. With seismics, one observes the
physical nature of the rock as a function of elastic moduli and density.
Metal cannot normally be detected as a direct response with seismic
methods.
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Because seismic methods allow the assessment of the physical
condition of rock, e.g., fracturing and shearing, they have been used
in many surface and underground mines in studying geologic and
engineering problems associated with mine development and operations.
Enclosed is an annotated appendix which includes a sampling of mining
applications of the seismic method. Also, enclosed are two papers
concerning the use of seismics in mineral exploration.

To keep costs down, CGI will need some help from PHELPS DODGE
in the form of supplying about 60 shot holes, 5 to 10 feet in depth,
spaced in 33-foot intervals along the line.

Target cost estimates of first phase - seismic geophysical program
are as follows:

TARGET COST ESTIMATE for 470 M (1551 ft) Line, 24-fold

Coverage.

Field Costs

Lay cable, plant geophones -

Party Manager, Observer, 1-Field Tech $ 840.00

Record data and pickup cables, etc. -
Geophysicist, Party Manager, Observer,

1-Field Tech » 2304.00
Equipment and Instruments 500.00
Explosives ' 360.00
Surveying -
Party Manager, 1-Field Tech 126.00
Subsistance
480.00
$ 4610.00
Analysis and Interpretation
Geophysicist, Jr. Geophysicist 840.00
~ Report |
Geophysicist, Draftsman, Typist 630.00
Contract Data Processing 1500.00

$ 7580.00
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Computing Refraction Data

Geophysicist, Jr. Geophysicist

Downhole Seismic Recording

Crew & Equipment
2 holes

Mobilization & Demobilization

1260.00

1440.00

4896.00

$15176.00

The "target cost" is our estimate of what the total cost of this project

will be. This work will be done on a time and materials basis.

Respectfully,

James W. Cooksley
President/Geophysicist

COOKSLEY GEOPHYSICS, INC.

JWC/sas

enclosures
copy: Tony Hauck



Notes on Model Study

Velocities
Velocities determined on basis of:

a. Primarily using velocity/density relationships
in Figure 9.3 of Clarke (GSA Memoir 97).

b, Pinal schist velocities determined as in a, above,
and then reduced by 2000°'/sec to account for
larger atomic number of mafics.

€. Arbitrary assignment based on experience:

Dump material - 1000°’/sec
Leached zone (Lz) - 7000’ /sec
Wide fault zones (>50’') - 1500’ /sec

Modifications of Cross Sections

1. Cross section B=B’' was not used as no velocity
contraat was apparent.

2. Added leached zone above ore to test capability of
program to define it. This is not an important problem
as refraction data will be gathered in conjunction
with the tomographic data.

3. Arbitrarily assigned a fracture zone at least 50’
wide to certain faults. These faults are noted with
a cross bar on the cross sections.

Model Parameters

1, Velocity cells were 50’ squares.

2. Used 50' separation of sources and receivers.

3. All receivers on surface -- all sources in drill holes.

4, Used straight ray paths to reduce computer time. No
significant error believed to result on section A-A’.
The complexity of C-C’' would have been bettered handled
using curved ray paths.

‘8. Model resolution is a function of the number of ray

- paths which traverse the cells. This means that in
areas of sparse ray paths, the tomographie solution is
not optimum. This can be seen by comparing the
tomographic sections with the original section in the
deeper zones where ray paths are lacking.
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in Figure 3.




Cetl c""tw Me
ey pr———y
? w0 n 2 13 m

¢’ Yo a2 4 s 6 7 8!

10090~

3
2
o & . Y=to .-

s} 8 / \ "3""" N R /( /

"J.’ J‘é%" 2 /b.b " “\ - as""*’ / :J:&f
6 Velol \ / . 16.b Ve iL.b,~
1 / ’ N ]

]

Eleva?son (’f)
:
|{
—
~\\

'n‘“'l
\k
/\‘
LN
\
\h-
<‘;—}
[
s
~
K -
~."’

Y

yy
3
r
\
pu
/

2004

0 . “o0 doo l1a00

Metes: fpults Wwith crors hass asseeed K have
$o0° wide sone of froctuves - Ve/aeiig'
Ae s LQ-GLJQJM
¥ s Seurce Or récejver

Figure 5: Cross Section C-C'.

-




Cetl Colvwn Mo —
v T T v — v—Y | A v M ”
Y9 wop a1y M R Y97 a3 20t 2 2223 29 39 c

]

i
5 feq\
R A

.
Vaugmes

gc.23

Shy

VAT S
J \/

.- e SN ¢ i
! a: ? :i
- Ve il ls !
i \ ‘
|
|
| / ﬁrﬂch MO[P/
i Jeb 1837
{ 22008
) N-‘oo 2000 av00

racoa

Di‘+‘ ", (I‘)

tbers assvend kb have o

‘ 9“; Froctures - Ve’oeﬂa H ISDO%F'-'&-
50 A

ar Fecelver




SENT BY:TERRAMETRIC 3 3- 4-83 4:49PM 82070~

GEOLOGY - HYDROLAGY . QEOPHYEICE

@11 682 325 1568:# 1

TELEX: 384412 INTR ID8O4

| @ TERRAMETRICS ASSOCIATES

M
1472 NORTH FifFTH « £.0. BOX 1202 ¢ LARAMIE, WYOMING 02070 * (307) 74280308
' 810 WEST GRANT ROAD » P.0. BOX 5964 = TUCSON, ARIZONA 857030084 * (802) 6230878

TELECOPY TRANSMITTAL COVER SHEET

FROM: Terrametrice Associates

Richard W. Davis

TO: Firm Name: _Heinrichs Geoexploration Company
Attention: Walt Heinrichs

Telecopy Number: _ (602)325-1588

602/623-0578

SENDING: Cover Sheet and 8 Pages —— TOTAL PAGES 9

Date Sent __ 3/03/88



SENT BY: TERRAMETRIC 3 3- 5-83 19:466M ; 82070> D11 602 325 1586:8 2

| Figure 6
CROSS SECTIGN C-C* VITH ALL RECEIVERS ON SURPRCE

Q
0
v
/m

1500 o
950 ¢+
750
550 t
Insufficient rays for
good solution op this
a8Nn -

-t =

REVERSE MODEL
RMS ERROR: 2.6 /
NO. OF ITER: 35

PREPARED BY:
TERRAMETRICS RASSUCIATES
Ganlagy. Hydrelagy. Geaphyaloes

Tuesan, RZ & Laremte, ¥Y
Q3-MAR-88




SENT BY:TERRAMETRIC

1150

950

750

550

FORNARD MODEL

Figure 7:

;i 3—- 4-83

Ray path diagiam for C-C' with o
100 feet apart.
receivers on surface.

4:53PM 82070+ 211 €682 325 1588:# 9

BT o R RGR, TR
SR 7 AN

-_“_J5!535§§:?555i
A AR

N ';\iisa§\

PREPRRED 8Y:
TERRAMETRICS ASSOCIATES

Geaslagy. Hydrology, Gesphyalce
Tucaon, RZ & Larenla,
23-FEB-88

ourcee an a
All sources in drill holes and all



SENT BEY:TERRAMETRIC

600. 800. 1000,

400.

0. 160.

5 3-21-88 11:

320. 480.

43FM 82070+ 1% £ gn6AZ

640. 800. S80. 1120.

-

N — o

l |

|

TYPE OF SPLINE: SMTHD. ORIG.

CROSS SECTION C-cC*

Figure 5:

PREPRRED BY:
TERRAMETRICS ASSOCIATES

Geology, Hydrology, Geophyelecs
Tueson, RZ & Leramie, WY
22-MAR-88

Cross Section C-C'

without 50' wide fault zones and

with leached zone and dump. Contour interval is

2.5 1000'/sec.

g8z

S451:#



A28-82.2
ccsI e
/ \\Q\S\.soi\w

oez/

000/

(1) meerg

ooy OOA
3 [y

*, V-V UOT3103§ ssoi)

oo,f oovT (]

ﬁﬂxﬂ_og.u ,0S) -
wo ..*..ﬁuu\ th.\M.-Q.vN r)
9 ®warog [ PO IPPY = %
|m! mﬂ'\”
L001) ..o..*Ouo.:\
L\»»\.Oﬁm 40 #34aM03 = A

o00p

-

A2 f2 22 /7 (OF 4 & e w s A €1 T
. Y A Y [ i 1 'y ' [y [

LA &

[ A
e g gt

.0} .s.&.\epU (/2D

1T WWN914
r O
1
4
A
> 009
(e
2 M
= A~
F <
: %
: - 009
& 3
D
o
(%
~o0 8
L 000/
<  QT/



800.

0.

L]

o
(=]
o
—

Ll
Q-
o
@©

L]
°-
o
w

L ]
Q—
Q
<

L]

[~]
S fSEEr
1

- <::///)‘;::,_______———‘Z‘

< ©

O

Paa\V

>

TYPE OF SPLINE: SMTHD. ORIG.

CROSS SECTION R-R’ -~ ORIGINAL

FIGURE 2:

PREPARED BY:
TERRAMETRICS ASSOCIATES

Geology, Hydrology, Geophysice
Tucson, RZ & Laramle, WY
14-MAR-88

Original data provided.
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FIGURE 3: Original cross-section revised to fit figure 1.
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FIGURE 4: Solution using only BC-30, BC- 14, apd BC-10.
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Geology, Hydrology, Geophystecs
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Solution using BC-30, BC-16, BC-14, and BC-10.
improvement in detail over Figure 4.

There is an
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ﬂnl'pﬂl'ﬁl‘/ﬂﬂ Western Exploration Office, P. 0. Box 50427
1810 West Grant Road, Suite 103, Tucson, AZ 85703-1427 . (602) 782-4981

May 6, 1988

Walter Heinrichs
Terrametrics Associates T T o
P.0. Box 5964 B T
Tucson, Arizona 85703-0964

Dear Walt:

As we discussed this week, it appears that with the
emphasis to move into preliminary feasibility as quickly as
possible, we will not be able to do any geophysical test work
at this time. I want to thank you for your efforts to get us
a good proposal and an education as to what you could do for
us. If events change, I will certainly be in touch with you
again. Thanks again. *

Very truly yours,
.Agé%iiﬂ/fi;;éféz

C.S. Eady
Senior Geologist
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