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June 28, 1967

Mf. Carew McFall
SEMINCO

3538 El Grande Drive
San Jose, California

Dear &c Hdlp‘ili
; Eﬁc;olad find an original and 2 copies of our report on
the "Induced Polarization Survey, Mowry and Royal Areas, Santa

Cruz County, Arizona'.

Reproducibles will follow shoetly under separate cover
along with the maps you lent us.

If we can be of any further assistance, please let us know.

Sinccreiy yours,

HEINRICHS GEOEXPLORATION COMPANY

, Chris S. Ludwig
X Senior Geophysicist

CSL: pm
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RANGE /0 e I PSS S E==a S| T e—— p—
VOLTAGE | nonl s | 220 | e | sc0 | 220 | 280 s/ | sixo | 220
CURRENT Il sy | 27 | pp9 |7 o7 | 448 | 4o Lese Lgid /47
SEND ys |3-v | =2-3|7-2 |¥¢-5s |z-v |2-3 |/-= [S#C
RECEIVE J+ 200 4 /2 o N js00 + /€| -] 52O
RANGE /O — " S—
V%AGE 20 o | 500 220 oo | vao | 500 | 2 @0
cuMRent ) vy | o e | o | o Lo | iv | 1A

FREQUENC

IES o< 3

SENDER NO. /¢/472<

OPERATOR

I

' REEIVER
OPERATOR

NO. 34/
< =

15 . T

COMMENTS :

-
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@ HEINRICHS GEOEXPLORATION co, PROJECT _S &minco
| .P.RECEIVER NOTES /7 . LINE _& _HALF /4 SP_/_DATE é-/4

__

LSEND " /=R _142-3 /=L | 2-¢ |ZX-3 /-2 &~3" | 3-9 |2-3 /-2
RECEIVE || @ = 2o go g0
RANGE || /oo oc | oo 256 20 70 >

=}
o
P

" 4315951332 5. _(S"/I(/é / 49 20/ 74 7"/43}1 /&7 159

DC Y40 y>9) 5 ryr /,‘:;/;,y,/ :»5'?‘4(53 7(R , %

x¢) U3 "?;7,({/ {»'7619;; PrY 759172
€26 407

) - - P } QXA
ve. | #/3.9123) | 547 |/2%%

933 1329 lsos | 125
433 | 22Y \yre | /25

o
AN A
T
>0
T
NI

o [\ PN
BER
\ 1\\1
N
P
!
I
NI AN
\.7»\".
N
G,
S
RS
O
3

o
o
>0 ||l lvNoluols N

VE.
5.°P. A2 | - Do g | 2 P F T —¢2 |z o7 _—>
ac NoiIsH .o | .. # | o] ] > I e e e —

PoT RES|
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S e S

Q) L&) () O () PAGE
@ HEINRICHS GEOEXPLORATION co, PROJECT _S&muuco | |
. | .P.RECEIVER NOTES LINE 2 HALF_«/ _SP_/ __DATE £-£{.
|
SEND y-3 | 3-¢ 2-2 | /-~ y-3~ | 3~y 2-3 7=Z Cad
RECEIVE || v.2za /32 136 | R~3
RANGE Xz 30 10 v, 30 /90 i =
DC 1 327207 ¥ pip |#60950 |B3550y 1775 )94 6464321577 547]2%) 23)
DC 2 290 sqy |1 412 125359 2302217721957 |657 g20] 558 sz0 |27 22¥]
DC 3 S70 322 |473 ;)2 | 25205247 242|200 15/ |65 oy | 27 ryg|225722) | 502
0Cc 4 I3 oupn| 293 2y, |7175 j96 |€7¢ 22 820 55278 quy| 50,
DC 5 $37 ¢4 176 474|632 62D |5 rep |25 232
DC 6 226 XYY
DC 7
DC 8
nc ave. 1 2R84 | 2428 R.S7 1 242|195 LRy | S ys]2.29 | 52.2
AC | 2.0 /70 | &2F | 226 |27 |&./72 | /8 |2.25 | (0.2
AC 2 2e.0| 7.0 |g£.45 |2 2Y 7.Z le.r2 | o/ 225 | s0.2
ac Ave. 1280l /.0 K385 12 a5 10.0Cl L1271 205 9o
S.P. Y - = g8 s
ac NoISH .o+ > S m— m—
PoT RES.




HEINRICHS GEOEXPLORATION COMPANY
INDUCED POLARIZATION SURVEY COMPUTATION SHEET Pagq______
Project .~ . ~~  Line z ~ Field date Data page Comp. date - . . Comp by -~

ZA) Send o S 4 y =

(B) Receive PR ry . —— » Po - - ‘ ‘ i

(C) n separation

(0) 1 , ———y

(E) Vdc (avg) 220 220 43 & s4.2 | 2o | 12y it Z | 4. 3 24 / Y9 2

(F) DCcal | P

G) Kn x 10-5 . 3.6 . 7 . & Y. O . & ?, O /7.0
(1)@ dc=ExFxGx10~/D ~ : , / , - -

(1) vacs 2 Y 27604 ) = 2

(J) AC noise x 2

(K)Vac(corr) Y1z - 3%

(L)AC-DC cal. I ~>o2 = +

(M)® dc/Qac=ExL/K

(N) PFE=(M-1)(102)

Y
-
)

N

\ / - "4 L in

k<&

(0) MCF=(M-1) (10°)/H %

Project Line Field date Data page Comp. date Comp by

(A) Send fo 2

(B) Receive 22 )

(C) n separation

™I 2 A .
(E) Vvde (avg) £7.95 | 2q/ 5 | 2z A 29 s 9¢ | & 2z ). 2

(F) DCcal

(G) Kn x 103 >0 | /7. > > 5

(H)®@ dc=ExFxGx103/D ' 77 2.2 ¢
(1) Vac $§ $8- 3 v 9 | 209 |22

(J) AC noise x 2

(K) Vac (corr) = - J

(L) AC-DC cal.

(M)Pdc/Qac =ExL/K

(N) PFE=(M-1)(107) 2 T 106 46 [ 20 [ve | 0¥ |43

(0) MCF=(M-1) (103)/H 2.0 | (, ’ I o | b '
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Project O s/ pvco

Line

ok

HEINRICHS GEOEXPLORATION COMPANY

INDUCED POLARIZATION SURVEY COMPUTATION SHEET
Field date - s~ Data page

2 HZ

Page

Comp. date - .- .

Comp by .=, -

(A) Send

fe 22

/% <L

(B) Receive

2-2

(C) n separation

N

o O

(D) 1

»

(E) Vdc (avg)

$£0. 14

(F) DCcal

G) Kn x 10-3

(1) Q de=ExFxGx10°/D

(1) Vvacg®

(J) AC noise x 2

(K)Vac (corr) =Y 12 - J2

'(L)AC-DC cal.

'(M)Q dc/Qac=ExL/K

(N) PFE=(M-1)(102)

(0) MCF=(M-1)(102)/H

Project

Field date

Data page

Comp. date

Comp by

(A) Send

'(B) Receive

(C) n separation

W

(D) 1

(E) Vvdec (avg)

(F) DCcal

(G) Kn x 1072

‘(H)@ dc=ExFxGx103/D

LA

(1) Vac £

(J) AC noise x 2
(K) Vac (corr) =\ -

J

(L) AC-DC cal.

(M)@dc/Qac =ExL/K

(N) PFE=(M-1) (10%)

(0) MCF=(M-1) (103)/H
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(@) (@) o (&) (@)
HEINRICHS GEOEXPLORATION c0. PROJECT _S&msnvco
| .P.RECEIVER NOTES LINE _2_HALF_<£ __SP
/-2 2-3 I-4 -5 | /-2 Z-3 Z2-Y |43
RECEIVE | /20 - . /52 — /F0
RANGE 100 3 /0 30 /00 20 70 30
DC 1 197 570 |z 08 | 83505 | 144 143 |R2% 256 | 1% 57 | 540 526] 8008
DC 2 202 ga8 | 52 Hga2| 195 ept | ETE gas| 035 105 | 57532, 722403
DC 3 200 go2 | #2410 | 195192 292290 | 1144 115 | 53 %5a0] 128402
DC 4 232 1’,»;5 o 520
BC.5 88 t0
DC 6
DC 7
| |Loc 8 _ . _ . _ -
| | oc ave. 1 5795 | 24/ & 142 | 471 e | 7R /9.2
| AC 1 £ R4 i /3.7 |lez.s 2. a7 7 7. 7
| AC 2 5 g8 | /8 Ve 4 /2.7 |&xY 1423 507 2.
| | ac ave. | 583 1)9.9 5, /7 3.7 a2 w5135 15,17 198
| [ s.p. ghe f 4T3 et T2 |-742 >
L’ ac noisd .o 4—omo-u}——p—>? P S .
{ PoT RES.J




h T S v oo o

(&) O (¥ O (@) o PAGE
\ J
. HEINRICHS GEOEXPLORATION co, PROJECT _Sem/nto
| .P.RECEIVER NOTES LINE _2___HALF s _SP_.__DATE £-45]
SEND -3 | p~¥ Al | 2-3 S~y -3 /-2 2-3 -9 P
RECEIVE w b TR — e — L— /X9
RANGE 7Yy 200 200 200 /560 140 200 /00 20 22
DL %q 332 230 J»"m"];o I3 pzg | /97 1/ —?75.3_,r0 275 25¢ /‘?-’r""vv;}’(’ Yo gt 8% 1o 2 242 ayp
DC 2 332330 |2%0 5206135 sz 190 1 w) 39550 | 385 2957|179 174 |93% wysY 1es | 2472490
0L 3 39550 |3859 294 v/ yys |79 o |24 237
DC 4
DC 5
DC 6
De 7
DC 8
| pc ave. || 330 [220 138 [ I*] A7) 3871194 | HTR] 6.3 | 2%
fAc k9274 215 /3R /732 ¢4 | 225 12/ Y 3. Z /4.3 233
' AC 2 37 2/é 722 L2232 2.4 |1 225 |/9R 3.5 -+ | 23.3
[ac ave. [/ 4 2155132 |12 24513725 1191.5]143.8]/6,25] £3.3
! S.P. s *?.,2 F 2.1 = -3.6 ey - 7 ¢ 1+ - e »
AC NoIsSH .o & LB — > oY s 7 ‘;/ [ BN ——— . ;y
l PoT RES.J




HEINRICHS GEOEXPLORATION c0, PROJECT _S&m/wned
| .P.RECEIVER NOTES LINE 2 HALF_#_SP_.__DATE £-/&]

B 4 2-2 /=2 -3 | 3-¥ 2-3 /=& Lar Cpl

SEND

RECEIVE

—— . 90| 2-3 2-2
Pl 2 g O

RANGE Y 22 20 T S22 /0 /0 /6 $0.2 3

TEE H_r 523|222 ,04 110 ,,5 |95 g5 /97 y51 | 227 99¢| 30 549|520 222 2.y 2Z
DC 3570|223 093 108 4os|% 94 V97 15/ | 298 v | 530542837 539 50.2 5 G
De Us7¢d? 75,00 1492 104 |97 92 V9% 157 | 750 n56 | <45 cra|sRY ovs] 50./ ¥

DC %9 pyo |33 sr2|Z2¥ 542 9
De 769 par 20 537\ o0
De 326 ¢y

DC

DC

>IN |—= = |0 |N Do s jw N

Dc AvVG. || 54X 17:2 0,7 9.5 149 6] 7.5/ 550 | 532 50,15 945
AC S5 g7 (0.5 | 9¢ v 7 | 222 | 0 | 2248 |s0.2 ] 22
AC $ss5 6.7 /2. & 7.3 )& D 7.30 £,33 | 5./7 | 50.3 99
AC AVG. || 555 &, 7 0. 5 293.5]/)47 7.28] 5.-3915./125]1 52 3 72

S.P. -/ <2 / OSSR (U > toet H—eou L ~ 3

AC NOISH &2~ > Y 5 I

poT RES. 2/oTE
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o ) I
@) §) (§) w . () O P GE
@ HEINRICHS GEOEXPLORATION co. PROJECT _S £miacs
" |.P.RECEIVER NOTES LINE _3___HALF_#__SP_/ __DATEé-z& |
Z~2 2-2 | /-2 g Y ~3 | 2=2 ¢-5 | 2-¢¥ | 2-2 /=2
RECE I VE || @—30 £a 20 | Y
RANGE : 320 /no 7 S0 £O /060 47 i [0
DC 1 767 17|06 213 [376230 |87 55 205y, 876ars|"97 195 |70 257|570 g2
DC 2 ST ey | Y yig |32Y300 |27 9y [4%Y 5gp] 875 3951435 4ay | M0 ccq 544 5oy
De 3 6 Tyig 709 1 Y| 335200 |26 92 (8576 ,54|875 995115/ 443 |05 sac |5%¢ 532
DC 4 323 30 9 646 <17 137 yydf| 2¥ 29515359 ¢o3
DC 5 Svipiyg $6¥523
DC 6 $ 2
DeC 7
DC 8
nc ave. || 7285 | 6.3 | 70F | 3/.9 99 | 569 | 8852 /4.2 | 698 | 5.76
| [LAC f22 re/ €25 | 30./ &5 | 931 &70 | 12.¢ |£.24 | & ¢r
' LA 2 vy 142 1625 | 0./ g.5 s 9% ]| 8720 /3.6 L. g2 | £ ¢/
AC AVG. ll/2é6.5 | 760.5 |7. 5 o, |g.5 |5.7235] &€y0 3.6 lg. 82 | 5.£/
| |LS.P. - 320.0 | ALL T2 e D s e a4 - 7Y >
| | ac Nousd .03 | .66 ——> L0 ~4— e .02 e S —
! [Por RES.




. O o @ O @) O | Pace
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@ HEINRICHS GEOEXPLORATION 0. PROJECT —<— =

-~ I. P SENDER NOTES LINEZ_5 HALF_L ZSP_L_ DATE____
sl /=2|2-2 | /a2 | 3-9|2-F | /-2 |¥-§ |3-% |2-3 | /-2
RECEIVE |o- 2ad Zer + 60 b 4 9a0 | —N 90 + /200] —— S
RANGE 10 | —1 JERU AN [ S S >
VOUTAGE | /2. yco | /20 | vo0 | 700 | 20 | a0 | s60 |20 |2 40
CURRENTY /2 | vpr | v | y5 | yw | o2 | 24 | 24 | 240 | 24
= Y- |2-v |2-3 | /-2 |45 [ 3¢ [2-3] s-2 |CHC | CHC
RECEIVE | y2oo |~ 28E0 : 7| /5<0 1-/§20 1 — S | /7
RANGE 70 |= - =
VOLTA Y0 |80 | 200 |2 o |y |/8O | RO 240
cuaasi /7| 20 |24 | 24 |24 |24 | 245 |24
FREQUENCIES IS _ = COMMENTS : C o ~
SENDER NO. /4672 S S Grow FES pevinlewils 47 C
OPERATOR 4/~ . -~ 2C KFule€
RECEI¥ER NO. 245 ¢/
OPERATOR /4 = |




@ 0

@ HEINRICHS GEOEXPLORATION CO.
- I. P. SENDER NOTES

PROJECT
LINEZZ3 HALF_.if_ SP < DATE ___

)*/,o

SEND -5 | B=Y |4-5 | 2-3 |3-Y | ¥-S |/-2 |2-3|3-Y |4~S
RECEIVE JO-2¢0|300 = 603 ECD + QC0 | — 9o 4 /200] - . $

RANGE /0 —

Bt

-

VOLTAGE § 2g0 | 80 | BP0 | 200 /80 | 390 | 24Y0 |20 |/§¢ | D90
CURRENT | 2 2 | 24 2.7 | A4 |2 2 /7 2 ¢ 28 | 247 2457 |
SEND r~2 | a-8 |3~y | y-s | s-2 |2-3 |3-Y |4-5 | CHC

RECEIVE ) 2¢0 T /S0 [ e JYET T 4FCO T A seo

RANGE PR T — i i i 7

VOLTAGE | 240 |2¢c | /80 | 290 |2Ye |20 | /8« ()

coriNTl 2 g 2w low |2p | aw | 2/ 1247

FREQUENCIES - 05 _3

SENDER NO. /4% 7,g e

OPERATOR ))/ o,

RECEIVER NO. *34 &7/

OPERATOR /< . 7.
¢

COMMENTS :




' HEINRICHS GEOEXPLORATION COMPANY
INDUCED POLARIZATION SURVEY COMPUTATION SHEET Page____

Project \Cepmvco Line - %  Field date 4~ s~ Data page Comp. date ¢c-,7 . Comp by G.x
(A) Send /=2 2-3 | 2 2-¢ | X-3 /-2 o5 |1 32-¢ [ g-3 /-2 2 ke
(B) Receive o—30 |1 ol —— I s 1 1 1 [ z-2
(C) n separation Y y 2 ) 2 > / 2 > <&
(D) T L SN S E— ———
(E) Vdc (avg) 103 Loo | 54./ 280 oy /v lzor) | oo lavsy | sor L. Y
(F) DCcal PPEE = — -
(G) Kn x 10-5  _ 2 4 2 7 2.¢ %o .7 2.Z 9.2 ,g
'(H)Q dc=ExFxGx10°/D A 209 , ‘ s | 72 : /
(1) vacg® 9z 356 $£e2 224 g2 15 |y 225 179¢. 512246 |asos | 265 | o2 5 et
(J) AC noise x 2
(K)Vac (corr) =Y 12 - 32
(L)AC-DC cal. P — E— , —
(M) Q@ dc/Qac=ExL/K
(N) PFE=(M-1)(1024) s, / 2, & 2, 5
(0) MCF=(M-1) (10°)/H W :

Project Line Field date Data page Comp. date Comp by
(A) Send -5 | 2-¢ Z~3 re2 | -5 3 =4 -3 /-2
(B) Receive PP N T R . I S S——
(C) n separation Z = & s~ = & 5 £
(E) Vdc (avg) .72 1362 ls9.2 loos |oaz.2 12500 1.2/ | 3.22 )
(F) DCcal rezz+——F+ T — 1 > o
(G) Kn x 10~° 3.4 9.0 1 & 3/.5 | 2.0 > .5 | 0.9
(H)@ dc=ExFxGx103/D Y 3 . ' S : RZ S 25
(I) Vac & ex2 g5z rves |st29vlrreg 1| 3522 le.se | 322
(J) AC noise x 2
(K) Vac (corr) = - J
(L) AC-DC cal. P T e Ty S——— e e
(M)@dc/Qac =ExL/K
(N) PFE=(M-1) (10%) 2. 4 3. 2 <. 5
(0) MCF=(M-1) (103)/H i ' 2 & -

-



HEINRICHS GEOEXPLORATION COMPANY
INDUCED POLARIZATION SURVEY COMPUTATION SHEET Page

Project Sermscp Line - 5 # Field date ... Data page Comp. date --_ > . Comp by 2.
T
(A) Send -5 et &-3 = Z~ < Gp= 3 /- -2 IF-y -3 popy P
‘(B) Receive s ] E— i —— N — . y U S - RO F— &
(C) n separation Vi 2 y z 2 / Z 2
(D) I / A S N . :

(E) vdc (avg) /04

(F) DCcal : , T
(G) Kn x 10-3 N .

Q
oy
l.x‘
'{\
N\
N
X
I
N
N
YIRS
N
&
N
)
s
N
i
k\)
N
~
P\

D
)
6N
N
N
0
Q
A"
i
A3
.

i
>
£:.90 | 49.3
7
7

(H) Qdc=ExeleO3/ D 3L

(1) Vacg 392 oy lseo | os|az0 /o5 | 92 | 2371 200 2o

o
L)
I~

(J) AC noise x 2

(K)Vac(corr) =Y 1% - 32

(L)AC-DC cal. . S S T . I

M) @ dc/Qac=ExL/K

(N) PFE'_—(M‘].) (102) Se f o« 5 <, / 7 Z, & L Ao £ 3. ¥ o &

0) MCF=(M-1) (10°)/H . & = r -

Project Line Field date Data page Comp. date Comp by
A) Send =2 2-3 3- f-5 | -2 Z2- 3 F- ¢ . &
(B) Receive )20 —4—-o-t | ——— L —5
(C) n separation 2 E 17 e > v r= :
D) 1 T4 — 92 mve— =
(E) Vdc (avg) gazs |ses |y w25 r2o2 g o258 599 ()

(F) DCcal YTy I IS S E—— A N—— R

(G) Kn x 10~° 1] 3. A >4 2.8 | 2o ' F 2.5 | s
(H)€ dc=ExFxGx103/D / S Ty, :

(1) Vac S Jo ¢ |23y lcazlrgy iz 4 s | 8T o8

(J) AC noise x 2

(K) Vac (corr) = - J

(L) AC-DC cal. Y, == S (- 1 S (I (S —

(M)@dc/Qac =ExL/K

N) PFE= (M-ll(]-ol) £ & Lo T 2./ P 2 D <. 5 & 2.4
(0) MCF=(M-1) (102)/H / / % X ) ;- 7 / y




. @ ¥ ‘ PAGE
@ HEINRICHS GEOEXPLORATION co. PROJECT. . -
: ’ . P SEN)ER NOTES LINE_Z__ HALF2Z*SP_Z_DATE_____

RECEIVE Jo-— Zc 5 & ~P AL (; B o P e C,‘)ap - )2 OC | e =
RANGE / o N SESESoa—— SRR L | S

VOLTAGE | 20 | B 20|84 | 550 | 340 | £20 | 640 | £4w 1320 | £20
CURRENT | / & (2 /8 g Ll | /7 (L Ll lees | LKL
SEND =5 3-¢ |2-F | )-C | &-§ | 3-¢ 2-3 |- | €M
RECEIVE | 7 2ctot 2S5O0 MO P )e@ [P
RANGE SO — SEDERONES RS S T——— P

VOLBAGE | /o | 550 | 380 | 20 Ao | SSo | Ry | g2

CURBENT | / # //5' 27 4 | 2/~ 1/ 2/

FREQUENCIES ‘@S5 _“3 COMMENTS :

SENDER NO. / &( '72 s

OPERATOR =22/ "%

RECEIVER NO. 2£¢//
OPERATOR /2 . % .




|
[
’
!
i
{
:
|

@

HEINRICHS GEOEXPLORATION

| .P.RECEIVER NOTES

co.

PROJECT

LINE &

™

> & (11

HALF ___SP_2 DATEQ:Z?

SEND |2 £52 /-~ 4 2-3 -7 -2 s 4 £-Z r=Z
RECEIVE [| #-20 }——-F— ¢ 70 J— vE
RANGE Wl 700 | /000 /27 / 500 /00 20 Feoo 200 |00 20
DC 1 ﬂ/"/?/o‘/ Fo? ggo |360 5 %2 oq0 |84 950 | 78% 174 | 325251 | 76 53 |#97 2937 |#E 4,
De 28 108 |99 ygo |35¢ 544 |30 pyp |#M0ars | /72 yq5- 202 20/ |76 2357 |292 45 od 106
De 557547 42 goo 1179 95717292 20! (% o5 |277 270|162 ss0

DC

&L 737"

DC

DC

DC

DC

210 | |o|vN oo |s jw |

oc ave. || v02 | Heo |56,/ | 382 | &4 | (&5 2007 9551 2582 | 1o/
AC 2z 35> 2| 376 | 7283 | /2.0 ) 9¢ 22,0 2 7
AC 2Z 223~ lcv. 2 1 2ve 220 1/2.2 | 1946 92 |28.% |9.6
AC AVG. || 7 ) 386 |54 |32¢ |&2:151172.951196.5] 93.2 -?o ‘7 92,65
S, P, /.Y |~ 4> 1T—> |+%.7 > | -2 41 ~F

Ac NoISHl. o4 g4 » | .o f— S o6 —+——m—~Ff———1—>

L PoT RES.




HEINRICHS GEOEXPLORATION c0, PROJECT ___ 47

DC

—_—

SEND L 3 ' J J— 17= 8 2= 73 f-2 Cay

RECEIVEN s26 - 355 ] - . e

RANGE 2882 ey, 20 Yy, JFo Y /o /0 ;0
Ccsooq’ | PP Pama | 164150 (€02 L)5 222 225399353 | c57 p9a]| 396 276

&}Q

g.
DC €29 220 | 3 Rops /99 151|525 4187|220 p257| 296 723 | 97 00| 23 231 | 42, 2
DC ‘ft?‘;?‘? L0 35 /"*/_3"/1—-{;; 6/;/‘:,- 12311?1 246 253 “Lq. .,?q;;»:{_ ""{":
De Bl 240 .0 129547 €04 CoZ (22 ‘o0 3#?3}0 y . 33

DC

796 192802410 72 ;32 | 322 239

DC 202 rig

DC

DC

=10 == o |9N ]| |uo s |w |

oc ave. | 4.7 1 36.3 | 147 |06 | &2 | 35.0 1 €47 [ 337 ] 4854
AC v | 2483 (e oo 1242 | 24020 | .56 | 222 | 47.5
AC 646 |35/ | /40 & |25 | 339 | 6.5 | 222 | 955
AC AVG. 1647 |35 2 |1405 | 5.28 lal. 6 33.2 1 6.5 1 3.22 | af. s
S.P. =L R -~ - > '/,ﬂ ) —

AC NoISH .os et~ > .,z ~ -

PoT RES.

| P.RECEIVER NOTES LINE = HALF —__SP___DATE .-/




@ HEINRICHS GEOEXPLORATION CO.

I. P SENDER NOTES

PROJ
LINE

=

\
<

ECT >
‘_"%/_HALFSJJ SP_/_ DATE

SEND /-5 | B

Y-512-23 |2~ | &-§| /1-T | -2 | 3-¢ -5
RECEIVE Joo~%4¢0 20 -1 6¢C LA 1 Qe T o Qoo ~ 1200 - ; 5
RANGE 10 SR | B e e o S e O _;

VOLTAGE | 4 5 50

£6O

£Y0

225

WA~

L60

CURRENT || /7 &/ ) /7

(80 | B3C | 5p0
702 | v |y 2

o4

28 1L
Cl /-2 | 2-2 |2~y | -S| 1-2 |2-3 |2~ | 4-5| CH7C
RECEIVE [ 72¢ s 4 g5 ce2 > ASQD A } B - S0
RANGE ; s i [~ - _ m—— ~
voliack [ pp | 225 (su0 | 4o | 560 | 2257 560 [450

CURRENT | s & | , 47

222 s 4 | 147

142

(42

FREQUENCIES 2 ¢S5 _Z=

COMMENTS :

SENDER NO. /& 472 S

OPERATOR 20/ —F

RECEIVER NO. 3£ &//

OPERATOR 4 L

- ¥




- @ (8 QO O O C PAGE

@ HEINRICHS GEOEXPLORATION co. PROJECT o /i)

¢ " | .P.RECEIVER NOTES LINE £ __ HALF g _SP___DATEL
EH? T 137 |v-2¢ &2 | 3y |- /2 1232 [z-7 |43
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SCIENTIFIC EXPLORATION AND MINING COMPANY

HNESoRPORAFED

P. 0. Box 2297
Nogales, Ariz. 85621

June 19, 1967

Mr. Chris Ludwig

Heinrichs Geoexploration Company
808 West Grant Road

Tucson, Arizona

Dear Mr. Ludwig:

The I. P. Survey made by the Heinrichs crew last week

went very smoothly. It was a pleasure to work with

Bob and Mike. Enclosed are a cross-section of the

Mowry Mine from V.S.G.S. Bulletin 582 where we crossed

it with Line #3 (the first pits north of center were

about on the Mowry fault) and a map showing the critical
part of Line #4 at Duquesne. The north part of the latter
line was in limestone, with the exception of some granite
at the north end, and the south part was in granite. T
have sketched the granite-limestone contact on in red.

T will plan to call you later this week and make an
appointment to come to your office and talk overthe
results of the survey, if that will be all right. TI'll
pick up these diagrams and the transparency of the Mowry
map at that time.

(

ryfours:truly,

/ -
C— (e es /A A

C. Carew McFall
General Manager

. of
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SCIENTIFIC EXPLORATION AND MINING COMPANY

FREGHP SRATED—

P. 0, Box 2297
Nogales, Apiz
June 8, 1967

Heinrichs Geoexploration Company
808 West Grant Road
Tucson, Arizona Attn: Walter Heinrichs,

Dear Sir:

Enclosed is a Seminco check for $875. This check
together with one for $§125 for the magnetometer rent
will cover the cost of the I. P. survey of portions
of the Mowry Mine area and Duquesne area which we
discussed today by phone.

Yours truly,

ﬁfjf? W//;/Z/

C. Carew McFall
General Manager

3538 El Grande Drive, San Jose, California 95132, Tel: 408 251-7340, Cable: Seminco, Sanjose, Calif.
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INTRODUCTION

At the request of Mr. Carew McFall of SEMINCO, San
Jose, California, Heinrichs Geoexploration Company of Tucson,
Arizona conducted and completed Phase II of an induced polar-
jzation survey in the Mowry Area, Santa Cruz County, Arizona
during the interim August 21 to September 22, 1967.

A total of sixteen new spreads were surveyed compris~
ing fifteen lines. Total new surface coverage is 66,500 ft,
of which 40,750 ft. is "subsurface"” plotted data. Station
spacings used were 150, 300, 400, 500 and 1,000 ft. depending
on the detail desired. For the details of location, see the
Location and Interpretation Plan. ;

The data were obtained with the dual frequency
induced polarization system utilizing sending frequencies of
0.05 and 3.0 Hy; (cps). The electrode configuration used was
the conventional collinear dipole-dipole array. See "Basis
of I. P. Method" attached herewith for details of basic pro-
cedures used. '

The purpose of this Phase Il survey was to detail
several ancmalous areas found on Phase I work plus running
additional reconnaissance. This work resulted in our recom-
mending several drill holes to determine whether the polar-
izable zones found are economic or have potentially economic
significance.

Data are presented on Sectional Data Sheets, one for
each 1ine, with resistivity, percdgt frequency effect (PFE),
and metallic conduction factor (MCF), contoured in section,
and self potential (SP), in profile form. An Induced Polar-
fzation Location and Interpretation Plan showing results of
the Phase I and Phase II work in plan is also included. Again,
for additional specifics on theory, presentation and inter-
pretation, see the"Basis of the Induced Polarization Method”
attached.

GEOEX personnel involved in this field work were
H. K. Henson, R. Fedelchak and R. Palmer; geophysical crew
chiefs and S. Cruze, J. King and M. Fraker were technical assist-
ants. SEMINCO supplied helpers as needed. Interpretation and
report by the Tucson staff under the supervision of Mr. Chris
S. Ludwig, Senior Geophysicist.



INTERPRETATION
CONCLUSIONS AND RECOMMENDATIONS

Five lines of 500 ft. dipoles (2-1, 2-4, 2-5, 2-12
and 2-14) were surveyed in the vicinity of the shale-limestone
contact. This work shows a quite uniform conductive polarizable
zone, definitely associfated with and probably on the shale-
limestone contact rather than being north of the contact as
the Phase I work indicated.

This polarizable zone comes nearest to the surface on
Lines 2-4, 2-5 and generally deepens on Lines 2-1, 2-12 and
§~z4, respectively, indicating a southeast plunge on the anomalous
ody.

A drill hole is recommended on Line 2-4 to test this
zone, preferably at around 500 ft. in depth. Assuming a vertical
to 80° SW dip on the "vein®”, a 750 ft. long 60° hole N 60° E
collared approximately 380 ft. S 60° ¥ from the contact 1s
suggeated and if maintained perfectly straight, should intersect
roughly 500 ft. down dip. If the dip is actually northeast
instead of southwest, a symmetrically opposite drill hole mA{
be preferable. Based on the 84° SW dip indicated.in the shallow
test hole, a vertical hole about 52 ft. S 60° W of the vein should
intersect roughly 500 ft. down dip. However, slight variations
in dip could produce large variations in depth of intersection
or possibly miss the "vein" entirely, as well as factors such
as hole deviation in the direction most normal to the mean
equivalent bedding.

A 200 or 300 ft. shaft in the vicinity of 2NE, Line 2-5,

shows some pyrite on the dump and possibly widening or increase

in concentration of this pyrite zone is responsible for the I.P.
anomaly. However, there may be a favorable bed in the limestone
replaced with more economically interesting polarizable wineral-
fzation. We believe this anomaly, censidering the district's
histo:y]and production, to be worth at least one deep check or
test hole.

On Line 2-2 from station 4SW to 8SW and on Line 2-3
from 108 to 258, is & weak and very weak anomaly, respectively
and on the same NW-SE trend as the moderate anomaly on the 500 ft.
dipole spacing l1ines to the NW. Quite likely these weaker
anomalies are caused by mineralization in the same fault zones
as t?e mederate anomaly. A shaft correlates with the anomaly
on Line 2-2.

Further along Line 2-2, between 10KE and 18NE, is a
very weak anomaly, likely correlating with the Mowry mineralization

il



laterally to the SE. Another very weak anomaly occurs between
24NE and 34NE, decreasing in strength with the depth and prob-
ably not significant although it 1s supported by a very weak
anomaly between 2S and 2N on Line 2-9.

Also on Line 2-9 is a very weak anomalous zone from
85 to 125, probably related to the "Sand Area” anomalism just
east.

Line 2-3 was surveyed across the Mowry Mine on a
1,000 ft. spacing to attempt to locate any large sulfide body
below the gabbro "sill1". WNone was definitely seen, although a
very slight increase in PFE was seen with depth, probably due
to inductive coupling interference rather than sulfide effects.

Line 1, Phase 1 was extended an additional spread
to the south to test a weak anomaly indicated on the end of
the line. This anomaly was found to 1ie between 13.5S and 188
with a very weak fringe mostly to the south.

Since the anomaly source appeared guite shallow on
the 300 ft. dipole line (1{, the 150 ft. dipole 1ines were
surveyed on a 200 ft. line spacing for more detail. This detail
work consists of Line 2-6, 2-7, 2-8, 2-10, 2-11 and 2-13 and
disclosed an irregularly shaped weak anomaly.

The main trend of the anomalous zone 1s ENE-WSW and
appears to warp around the quartzite hill to the south.
Line 2-11 terminates the anomalism to the east except for a
very weak questionable zone near 3iW that may be external effects
from material to the west.

Line 2~10 shows a well defined PFE anomaly, particularly
near center, but having poor MCF and 1imited depth extent. The
_top of the anomaly could be within 30 ft. of the surface and
probably bottoms within 100 ft. of the surface.

Line 2-7 shows a fairly well defined MCF high near
the center of the spread and having good depth extent and moderate
strength., A 150 ft. vertical drill hole is recommended at
ONW/SE and should intersect polarizable materfal within 50 ft.
of the surface. Another 150 ft. drill hole is suggested on a
PFE high near Station 4.5MW. Again, polarizable materfal should
be close te surface.

Line 2-6 shows a very compiex pattern of anomalism
similar in strength to that on Lines 2-7 and 2-10. Line 2-8
shows a weak but well shaped anomaly near center and apparently
related to the quartz monzonite-quartzite contact, the quartzite
being more resistant. Line 2-13 is very similar to Line 2-8
with the anomalism centered near Station 1.5NW.



As to content and type of polarizable material covering
the "sand area” anomaly; i1f mostly sulfide, about 0.5% to 1.5%
total sulfide by volume is indicated. If manganese is the
cause, a somewhat higher percentage would be needed. However,
there is a complication in that a fractured quartzite may be
the host vrock. If the polarizable material occcurs in the fractures,
as is typical for both manganese exides and sulfides, a consider-
ably smaller percentage could cause the anomalism because of
the insulating unfractured quartzite preferentially shunting the
current through the conductive fractures. This weights the
observed polarization in favor of the fracture mineralization,
giving a higher response than normal. Clay alteration is a
possibility, but not likely a czuse of the anomalism.

Self potential response on all lines is typical minor
background variation with the exception of a 70 millivolt low
at Station 20KE Line 2-14., This low could represent a zone of
near surface sulfide mineralization and should be inspected on
the ground. Since no I.P. response correlates with this low,
the sulfide amount is apt te be minor or a relatively thin zone.

If any of the polarizable zones prove interesting
after initial drilling, additional I.P. could be used to find
their total extent. Most of the anomalous zones seen on this
survey are open ended at Teast in one direction.

To gain the maximum use of the drilling results, it is
recommended that we be kept informed and selected samples be
sent to us for laboratory verification of intersecting the polar-
fzable zones.

Respectfully submitted,
HEINRICHS GEOEXPLORATION CO,

Chris 5. Ludwig, Senfor Geophysicist,

. Heinrichs, Jdr
President

October 14, 1967
P.O. Box 5671
Tucson, Arizona 85703
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INTRODUCTION

At the request of Mr. Carew McFall of SEMINCO, San Jose,
California, Heinrichs Geoexploration Company of Tucson, Arizona,
conducted and completed a preliminary reconmaissance induced
polarization survey over parts of the Mowry and Royal Areas,
S?au Cruz County, Arizona, during the interim Junme 13 to June 16,
1967.

A total of four lines were surveyed, three in the Mowry
Area and ome in the Royal,, (Duquesne), Area, gi a total
surface coverage of 144, feet of which of.t)%n "subsurface"
plotted data. All four 1: were run with a foot dipole
spacing and oriented NNW-SSE. For details of location for the
Mowry lines, see the Induced Polarization Location and Interpre-
tation Plan. For the Royal Area, see the Genmeral Location.

The data were obtained with the dual frequemecy induced
polarization technique utilizing the collinear dipole~-dipole
electrode configuration. Sending frequencies used were 0.05
and 3.0 hertz (cps).

' The purpose of this survey was to help evaluate several
electromagnetic anomalies obtained by SEMINCO in terms of sulfide
distribution and concentration within the zone from about 90 feet
to 400 feet below surface in the vicinity of the induced polare
ization lines. Geologically, these lines are in potentially
economic areas. A calibration~correlation line was run across
the past producer, Mowry Mine, (Line 3).

Data are presented on Sectional Data Sheets, one for eath
line, with resistivity, percent frequency effects (PFE), and
metallic conduction factor (MCF) contoured in section, and seif
potential (SP) in profile form. Major geologic feat@ires have
also been shown on the sections for correlation. For the Mowry
Area, the interpretation has been indicated on the plan as well
as on the sections. See the Basis of Induced Polarization Method
appended to this report for additional details on theory, pre-
sentation, and interpretation.

HEINRICHS GHOEXPLORATION COMPANTY
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Geoex persomnel involved in the field work were Robert
Fedelchak, Geophysical @rew Chief; and Michael Fraker, Technical
Assistant. Mr. McFall assisted as the third man on the crew
and his assistance was greatly appreciated. Interpretationm,
compilation, computation, and report were by the Tucson Geoex
;:;.!:cudnt the supervision of Chris 5. Ludwig, Semior Geo-

ist.

CONCLUSIONS, RECOMMENDATIONS, AND
INTERPRETATION

Line 3 was centered about 300 feet south of the Mowry Fault
and oriented approximately N9W-S9E and crosses the old Mowry
stopes. A rather strong, very definite induced polarization
anomaly was found between station 3N and 6N indicating a steeply
dipping tabular body less tham 150 feet thick and thimmning,

(or lessening in polarizable content), with depth. Top of the
polarizable body is within likely 100 feet of the surface. This
interpretation fits the Mowry ore body which is probably the
source of anomalism - the manganese and iron oxides along with
galena left in the stopes and diffused into the nearby county
rock giving the electrical polarization.

This anomaly is associated with a promounced resistivity low
likely caused by the conductive minerals and more porous and
broken material in the ore zome. Also a minor self potential low
correlates with the induced polarization anomaly suggesting small
amounts of oxidizing sulfides within several hundred feet of the
surface.

An alternate, but less probable, interpretation to this
anomaly is that it could be caused by a yet undiscovered polar-
izable body just north of the known deposit. To test this
possibility, a shorter spaced, say 100 foot dipole, induced pol-
arization line would be needed to resolve and distinguish
between the two possible zones.

The resistivities show the limestones to the north to be
the most resistive and the quartz mongonite to the south inter-
mediate and the ore zone the least resistive, in fact, the ore
zone would likely give an electromagnetic anomaly with most
mhtwo

-2
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Line 1 is centered about 2,200 feet ENE down strike from
Line 3 on the Mowry Fault, (contact), and oriented N21W-S21E.
The limestone-quartz monzonite contact shows as a rather grad-
ational resistivity change and with no associated conductive
and anomalous zone as over the Mowry. However, near and between
stations 6N and 9N, the limestone has slightly higher than

1 background polarization effects perhaps caused by minor
mineralization.

The only signifigant anomalism on Line 1 is on the south
end of the line well into the quartz monzonite. This anomalism
is weak, but could be of possible interest particularly if
there is associated emcouraging geology. If so, we would recommend
extending the line further south to better delineate the body and
then prospect along its strike, if it has a preferred oriemtation.

Self poeuthh show mly background variations along the
line, which is also indicative of a lack of nmear surface sulfides.
The resistivity shows no conductive zonme mnear cemter to explain
the SEMINCO electromagnetic anomaly. This could perhaps be due
to the EM, conductor being very near surface or very marrow - or
both -~ and therefore not responsive on our 300 foot dipole

spacing.

A Line 2 is centered about 2,800 feet morthwesterly of the
center of Line 3 and oriented N9W-S9E. The shale-limestone
contact is near 4.58 and shows u;ﬂ: electrical interface
with the shale more conductive, particularly near the contact,
(likely caused by the more altered shale adjacemt to the comtact).

This conductive zone is very weakly snomalous near surface
and is probably due to the minor mineralization noted there.

Approximate 7%:&:@*/8&43& at a depth of
around 300 to 350 feet below surface, a moderately strong anomaly
was located. This anomaly is near the limit of dcm detectability
and therefore a detailed interpretation is difficult. However,
it is possible that the source of anomalism is on or mear the
limestone-shale contact, providing the contact dips mortherly
and not too steeply. If the contact does not dip gemtly emough
to the north, the anomaly source is probably em ly within the
limestone. Regardless, this is an interesting potentially
economic anomaly and should be persued further,

We recommend additional induced polarization on perhaps a
500 foot spacing to gain better depth pemetration and centered

3~
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on Station 3N, Line 2, and oriemted the same way. Parallel

lines should be run about 750 feet either side of the first line
to determine strike direction and extent as well as possibly a
stronger or nearer surface portion of the anomaly. Drill targets
could then be selected with confidence and a minimum of expen~
diture to gain intersection with the polarizing body.

This polarizing body at depth on Line 2 could be caused by
similar material as was seen at Mowry, (because of similar
response and the same host rock), or perhaps by an unoxidized
sulfide body. Either possibility is of potential interest.

Self potentials show a minor low at ON/S which could be of
minor interest and may reflect near surface mineralization
related to the deeper induced polarization source.

ROYAL AREA

Line 4 was centered at the SEMINCO shaft and oriemted about
N23W-823E. The limestone-granite contact shows a resistivity
interface with the granite more conductive.

Ne definite response directly related to the SEMINCO shaft
mineralization was seen, although the zone from about ON/S to
98 shows very weak polarization effects within one hundred feet
of the surface in granite. The lack of a directly associated
response over the SEMINCO shaft is likely due to the narrowness
and limited extent of the body, (about 5 feet wide), relative to
the 300 foot electrode spacing used.

Below the near surface granite anomaly, the polarization
effects again increase and in a zone apparently dipping northerly
or perhaps diverging from the lime. In the latter case, mineral-
:tm along the granite-limestome contact to the east is

1 e

The anomalous response is quite weak. Additional work
would only be worthwhile to further pg®spect the limestone
contact in the hope that the very weak effectl are lateral effects
from stronger anomalism near or on the contact. Lines normal to
the contact are recommended, in this case, and should be contin-
ued on the 300 foot spacing if the depth of processing from
about 90 to 400 feet is still desired. No self potential
anomalism was seen on this line.

4=
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Otherwise, we believe the area warrants a more regional or
reconnaissance approach with bwedder spaced and deeper induced
polarization. Such work is recommended, provided sufficient
property rights or optioms can be acquired. The distifct cer-
tainly has some excellent unexplored potential.

Respectfully submitted,
HEINRICHS GEOEXPLORATION COMPANY
Chris S, Ludwig

Senior Geophysicist

June 27, 1967
Tucson, Arizona

HEINRICHS GEOEXPLORATION COMPANY



HEINRICHS GEOEXPLORATION co.

BOX 5671 TUCSON, ARIZONA 85703
s Phone; (AREA 602) 623-0578

BASIS OF THE INDUCED POLARIZATION METHOD

The induced polarization method is based on the
electrical properties exhibited by electronic or metallic
conductors imbedded in an ionic or electrolytic conducting
matrix. These properties are noticed in th&t the potential
across a block of this dual conduction mode material will
increase with time, approaching a constant value, when a
constant current is made to flow through the block. This
phenomenon occurs because at the boundaries between the
two conductor types, electrolytic ions have to give up
or take on electrons thereby requiring an additional force
(overvoltage) over that which would be needed with only
one mode of conduction; showing up as a building of poten-
tial across the block with time as more ions are backed up.
This potential approaches a constant value when an equi-
librium is established between the ions backed up at the
boundaries and the flow across the boundaries. Therefore
from the preceeding discussion, it is seen that the gross
effect is quite similar to the charging of a leaky
capacitor and for most applications, it is proper to use
this mode as a guide. These capacitive-like properties
are normally measured by three different techniques.

In the time domain (pulse) method, a steady direct
current is imposed across the block for a few seconds and
abruptly terminated so that the capacitive-like decay
(discharge) curve can be measured or recorded. Usually,
the voltage decay curve is integrated with respect to
time to give the area under the decay curve in units of
volt-seconds. The more area determined, the more
capacitance or polarization the block exhibits.

In the frequency domain method, the percentage
difference between the impedance (AC resistance) offered
to a lower and a higher frequency is measured. A capacitor
offers a lower impedance to a higher frequency than it
does to a lower frequency, therefore the percentage dif-
ference between the impedances will increase with increased
polarization.

A third technique is to measure the phase angle or
delay between an introduced current wave-form and the
received voltage wave across the block. This phase delay
also increases as polarization increases. :;;;;;;E

- la - S
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Almost all metallic lustered sulfides such as for
example; pyrite, chalcopyrite, chalcocite, bornite and
molybdenite are electronic conductors and the rocks and
ground water, with which they permeate or are permeated,
are ionic conductors, therefore if an electric current is
made to flow through a sulfide deposit, it will polarize
and can be detected by the three methods described above.

This induced polarization property 1s not entirely
unique with sulfides since magnetite, graphite and some
clays will exhibit it; however, with sufficient geological
and geophysical data, effects due to sulfides can generally
be interpreted apart from non-sulfide anomalism. The type
of sulfide however, say pyrite, as distinct from chalco-
pyrite, cannot yet be distinguished with present induced
polarization techniques. since all types give quite similar
types of problems. .

The I. P. technique was developed primarily for
porphyry type deposits and is perhaps the only reliable
means of detecting hidden disseminated sulfides. However,
the I. P. method works just as well or perhaps better on
semi-massive to massive sulfides, contrary to some of the
earlier thinking, for it gives increased response with
increased volume percentage of sulfide.

FIELD TECHNIQUES AND INTERPRETATION

For routine exploration, we prefer and use the dual
frequency system because of its greater simplicity of
instrumentation, operation and greater accuracy as well
as simplicity of interpretation. However, all three methods
give basically the same results and the choice is either
a matter of opinion or highly technical reasons and there-
fore should be left to the individual application and the
geophysicist's discretion.

The two frequencies we most commonly use are 0.05
and 3.0 cycles per second, respectively or so called '"D.C."
and "A.C." modes. Other frequencies are available with
our equipment and are occasionally used when desired. The
usual frequency range used is from about 0.0l cps. to
10 cps. The lower frequency limit is due to naturally
existing time varying Telluric (earth) currents and

- 28 =
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electrode polarization. The upper limit is determined by
electro-magnetic coupling effects which increase rapidly
with increasing frequency.

In our standard reconnaissance field practice, five
equally spaced co-linear current electrodes are placed in
the ground by burying aluminum foil in pits wetted with
brine. Observations are made in accordance with a sym-
metrical dipole-dipole configuration where the distance
between the receiver or potential electrodes is kept equal
to the distance between adjacent electrode pairs. Generally
the receiving dipole is separated by one to six dipole
units ("n" separation) from the sending dipole. Figures 1
and 2 indicate this configuration and resulting data plot-
ting positions. A precisely controlled square wave current
is sent through a sending dipole at 0.05 and 3.0 cycles
per second from which, at the receiving dipole, a "D.C."
and an "A.C." voltage are measured, respectively. By
knowing the geometry involved (the dipole length or spacing
and the separation distance between the two receiving-
sending dipole pairs), along with the two voltages, an
apparent "D.C." and an "A.C." resistivity can be calculated.
From these apparent resistivities, their percentage dif-
ference is determined, thus giving the Percent Frequency
Effect (PFE). A third quantity proportional to PFE and
inversely proportional to "D.C." resistivity, called
Metallic Conduction Factor- (MCF) is computed in order to
somewhat normalize PFE for variations in ground conduct-
ivity purely as a technical interpretational aid. Formulas
for these various quantities are given on Figure 3.

Selection of electrode spacings is determined by the
objectives to be reached in a given survey. This spacing
will range from very small (50 feet or less) for very
detailed and shallow surveys, up to 1,000 feet, or occasion-
ally more, for broad and deep reconnaissance work. Other
factors involved in the selection of spacing are concerned
with the anticipated physical geometry of any possibly
existing mineral occurrence. This includes consideration
of such size, shape and position factors as expected depth
of burial to the top of the deposit, the dimensions of the
deposit itself, its orientation, strike and dip, etc., as
well as its expected electrical properties.

In general, the greater the dipole spacing and ‘n'
separation, the greater the depth penetration and the less

- 33 =

HEINRICHS GEOEXPLORATION COMPANY



the resolution. A rule of thumb used in practice is that,
with a good contrast of electrical properties, using the
symmetrical - co-linear dipole-dipole system, and having
data from 1 through 6 in "n'" separations, two times the
dipole length is the maximum depth of detectable penetration,
and 0.2 times the dipole length is about the minimum depth
of detectable penetration for a body having two or three of
- its dimensions large in relation to the dipole spacing.
However, a body having two or three of its dimensions less
than the dipole spacing, and buried more than one spacing
probably will not be detectable. A zone, regardless of
orientation, having a dimension less than 0.1 the dipole
spacing will not likely be detectable. Also, zones differ-
ing by less than about 307% in electrical conductivity will
not be very easily resolved by resistivity measurements,

but may still be detected if a polarization contrast exists.

To illustrate the above in more concrete terms, consider
a dipole spacing of 1,000 feet for the following: An over-
burden of more than 2,000 feet would likely not allow enough
current penetration into bedrock to detect even a large and
highly mineralized zone in the bedrock. Also, a sulfide
zone lying completely within 200 feet of the surface
generally would not be detected. A spherical or elongated
cylindrical body whose top is more than about 1,000 feet
below surface and whose diameter is much less than 1,000
feet would be just out of the range of detectability. A
Dike-like or sill-like zone whose width is less than
100 feet probably would not be detected regardless of how
it lies relative to the spread.

So far, only the maximum and minimum limits of
detection and resolution relative to the various geological
and geometrical configurations have been discussed, thus
omitting optimum conditions. Generally, we attempt to make
the dipole spacing one to two times the expected depth to
the target in order to obtain a good electrical response.
0f course, where it is suspected that the zone has a good
depth extent, say two or more dipole spacings, as is
typical of most porphyry type copper deposits, a spacing
considerably more than two times the expected depth to
sub-outcrop can be used to obtain broader and more rapid
coverage, as long as we do not exceed the zone's width.
Because of these factors, we usually use 500 to 1,000 foot
dipole spacings in prospecting for porphyry-type deposits.
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The field data are interpreted after plotting the PFE,
MCF and resistivity as in Figures 1 and 2. These values
are then contoured, the resistivity and metallic conduction
factor logarithmically (because of the usual large variations
in magnitude) and the percent frequency effect on a constant
interval. This two dimensional method of plotting gives
an additional leverage over the standard profile methods in
that easily recognizable patterns are associated with various
subsurface geometrical configurations and that lateral
variations can be separated from vertical effects.

It should be realized that there is no definite relation
between the vertical scale on these plots and actual sub-
surface depth. The data point values are a complexly
weighted average of the electrical contrast distribution in
the vicinity of the sending-receiving dipole pair and
contain depth as well as lateral information. About all
that can be said is that by increasing the dipole length and
the dipole separation ("'n" separation) more volume of ground
is being affected and therefore more depth penetration.

There are cases where the depth to a subsurface feature
can be determined fairly precisely as in the two horizontal
layer situation. The field data is compared with theoretical
type curves for various resistivity contrasts between the
top and bottom layer and various thickness of the top layer
until a close match is found. This enables the depth to
the bottom layer in the field to be determined as well as
the true resistivity of both layers. A major limitation
to this interpretational technique is that only a few simple
geometric cases related to a relatively few number of lay-
ers have been theoretically developed. However, extremely
valuable information can still be derived in alluvial
and lake bed applications for depth to bedrock and ground
water purposes, etc.

In interpreting PFE's, values of 0 to 4 percent are
usually considered background, 4 to 87 marginally anomalous
and 8 to 40 plus definitely anomalous, but they must be
considered in light of the associated resistivity. Very
low resistivities give an increased background frequency
effect due to an electromagnetic inductive coupling inter-
ference phenomenon that must be corrected for. The MCF
tends to correct any high resistivity increased background
frequency effects but tends to amplify the electro-magnetic
frequency effects making a correction imperative.
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FIGURE 3
. (Lde _
PFE (,ﬂac 1)100

Where PFE is Percent Frequency Effect, Adc is the
apparent resistivity at the lower frequency and /2~ ac 1is
the higher frequency apparent resistivity.

P <2V yq
I
Where A 1is either 2 dc or A~ oc  depending
on frequency of the current I which is measured in amperes.
The potential V, arising from I, is measured in volts.
K, is the geometric factor given by:

Kn = an.(n+|)2(n+2)

(Only for dipole-dipole arrays)

Where a 1is the dipole spacing in feet and n 1is
the number of dipoles separating the sending and receiving
dipoles, this gives, for apparent resistivity:

psaJ'lI'V (an(n+'l)2(n+2) )

from which we see that A2 is in units of ohm-feet.
However, the apparent resistivity 'usually plotted is

2/ 2 or:
LNV an(n+)(n+2)
2w -1 K= ¢ 2 )
PFE
= X
MCF = Zac/am '

Where MCF is the Metallic Conductien Factor and /odc/er is.
apparent "D.C." resistivity.

INDUCTIVE COUPLING INTERFERENCE

If a(n +I) J,a—/fi; is less than 1000 then the
inductive coupling false frequency effect will be less than
2.5%. Likewise if less than 1500 the false effect will be
less than 5%, and if less than 2000, the false effect will
be less than 107%. Frequemcy ¢ 18 in eycles per second.
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INTRODUCTION

At the request of Mr, Carew McFall of SEMINCO, San Jose,
California, Heinrichs Geoexploration Company of Tucson, Arizona,
conducted and completed a preliminary recommaissance induced
polarization survey over parts of the Mowry and Royal Areas,
:;:;amm:y. Arizona, during the interim June 13 to June 16,

A total of four lines were surveyed, three in the Mowry
Area and one in the Royal, (Duquesme), Area, giving a total
surface coverage of 144,000 feet of which 84,000 is "subsurface"
plotted data. All four lines were run with a 300 foot dipole
spacing and oriented NNW-SSE. For details of location for the
Mowry lines, see the Induced Polarization Location and Interpre-
tation FPlan. For the Royal Area, see the General Location.

The data were obtained with the dual frequency induced
polarization technique utilizing the collinear dipole~dipole
electrode configuration. Sending frequencies used were 0.05
and 3.0 hertz (ecps).

The purpose of this survey was to help evaluate several
electromagnetic anomalies obtained by SEMINCO in terms of sulfide
distribution and concentration within the zome from about 90 feet
to 400 feet below surface in the vicinity of the induced polare
ization lines. Geologically, these lines are in potentially
economic areas. A calibration-correlation line was rum across

the past producer, Mowry Mine, (Line 3).

Data are presented on Sectional Data Sheets, ome for esth
line, with resistivity, percent freguemcy effects (FFE), and
metallic c:adv):ntm f:ntor (MCF) contoured in u:t:l.on. and self

tential (SF) in profile form. Major eatgres have
:oho been showm oup:hn sections lerjcorg:ﬁ:ﬁ. "
Area, the interpretation has been indicated on the plan as well
as on the sections. See the Basis of Induced Polarization Method
appended to this report for additional details on theory, pre-
sentation, and interpretation.



Geoex persommel involved in the field work were Robert
Fedelchak, Geophysical Urew Chief; and Michael Fraker, Technical
Assistant., Mr, McFall assisted as the third man on the crew
and his assistance was greatly appreciated. Interpretation,
compilation, computation, and report were by the Tucson Geoex
;:cf{c under the supervision of Chris S. Ludwig, Senior Geo-

ysicist.

CONCLUSIONS, RECOMMENDATIONS, AND
INTERPRETATION

MOWRY AREA

Line 3 was centered about 300 feet south of the Mowry Fault
and oriented approximately N9W-S9E and crosses the old Mowry
stopes. A rather strong, very definite induced polarization
anomaly was found between station 3N and 6N indicating a steeply
dipping tabular body less than 150 feet thick and thimning,

(or lessening in polarizable content), with depth. Top of the
polarizable body is within likely 100 feet of the surface. This
interpretation fits the Mowry ore body which is probably the
source of anomalism - the manganese and iron oxides along with
galena left in the stopes and diffused into the nearby county
rock giving the electrical polarizatiom.

This anomaly is associated with a pronounced resistivity low
likely caused by the conductive minerals and more porous and
broken material in the ore zone. Alsc a minor self potential low
correlates with the induced polarization anomaly suggesting small
amounts of oxidizing sulfides within several hundred feet of the
surface.

An alternate, but less probable, interpretation to this
anomaly is that it could be caused by a yet undiscovered polar-
izable body just north of the known deposit. To test this
possibility, a shorter spaced, say 100 foot dipole, induced pol~
arization line would be needed to resolve and distinguish
between the two possible zZomes.

The resistivities show the limestones to the north to be
the most resistive and the quartz monsonite to the south inter-
mediate and the ore zZone the least resistive, in fact, the ore
gone would likely give an electromagnetic anomaly with most
techniques.

e



Line 1 is centered about 2,200 feet down strike from
Line 3 on the Mowry Fault, (contact), and oriented N21W-S21E.
The limestone-quartz monzonite contact shows as a rather grad-
ational resistivity change and with no associated conductive
and anomalous zone as over the Mowry. However, mear and between
stations 6N and 9N, the limestone has slightly higher than
typical background polarization effects perhaps caused by minor
mineralization.

The only signifigant anomalism on Line 1 is on the south
end of the line well into the quartz monzonite, This anomalism
is weak, but could be of possible interest particularly if
there is associated encouraging geology. If so, we would recommend
extending the line further south to better delineate the body and
then prospect along its strike, if it has a preferred orientationm.

Self potentials show only background variations along the
line, which is also indicative of a lack of near surface sulfides.
The resistivity shows no conductive zome near cemter to explain
the SEMINCO electromagnetic anomaly. This could perhaps be due
to the EM, conductor being very near surface or very narrow - or
both « and therefore not responsive on our 300 foot dipole

spacing.

Line 2 is centered about 2,800 feet northwesterly of the
center of Line 3 and oriemted N9W-S9E. The shale<limestone
contact is near 4.55 and shows as atstzong electrical interface
with the shale more conductive, particularly near the contact,
(likely caused by the more altered shale adjacent to the contact).

This conductive zome is very weakly anomalous near surface
and is probably due to the minor mineralization noted there.

Approximately between statioms b/s and 3N, at a depth of
around 300 to 350 feet below surface, a moderately strong anomaly
was located. This anomaly is near the limit of depth detectability
and therefore a detailed interpretation is difficult. However,
it is possible that the source of anomalism is on or near the
limestone-shale contact, providing the contact dips northerly
and not too steeply. If the contact does mot dip gently enough
to the north, the anomaly source is probably entffely within the
limestone. Regardless, this is an interesting and potentially
economic anomaly and should be persued further.

We recommend additional induced polarization on perhaps a
500 foot spacing to gain better depth pemetration and centered
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on Station 3N, Line 2, and oriented the same way. Parallel
lines should be run about 750 feet either side of the first line
to determine strike directien and extent as well as possibly a
stronger or nearer surface portion of the amomaly. Drill targets
could them be selected with confidence and a minimum of expen-
diture to gain intersection with the polarizing bedy.

This polarizing body at depth om Line 2 could be caused by
similar material as was seen at Mowry, (because of similar
response and the same host rock), or perhaps by an unoxidized
sulfide body. Either possibility is of potential interest.

Self potentials show a minor low at ON/S which could be of
minor interest and may reflect near surface mineralization
related to the deeper induced polarization source.

ROYAL AREA

Line 4 was centered at the SEMINCO shaft and oriented about
N23W~S23E. The Simestone-granite contact shows a vesistivity
interface with the granite more comnductive.

No definite response directly related to the SEMINCO shaft
mineralization was seen, although the zome from about ON/S to
98 shows very weak polarization effects within one hundred feet
of the surface in the granite. The lack of a directly associated
response over the SEMINCO shaft is likely due to the nmarrowness
" and limited extent of the body, (about 5 feet wide), relative to
the 300 foot electrode spacing used.

Below the near surface granite anomaly, the polarization
effects again increase and in a zone apparently dipping northerly
or perhaps diverging from the line. In the latter case, mineral-
::;:m along the granite~limestone comtact to the east is

mplied.

The anomalous response is quite weak, Additional work
would only be worthwhile to further pevspect the limeatone
contact in the hope that the very weak effecth are lateral effects
from stronger anomalism near or on the contact. Lines normal to
the contact are recommended, in this case, and should be contin-
ued on the 300 foot spacing if the depth of processing from
about 90 to 400 feet is still desired. No self potential
anomalism was seen on this line.

~p



Otherwise, we believe the area warrants a more regiomal or
recomnalssance approach with byodider spaced and deeper induced
polarization. Such work is recommended, provided sufficient
property rights or options can be acquired. The disti#fet cer-
tainly has some excellent umnexplored potential.

Respectfully submitted,
HEINRICHS GEOEXPLORATION COMPANY
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T SCIENTIFIC EXPLORATION AND MINING COMPANY

P. 0. Box 2297
Nogales, Ariz. 85621

August 15, 1967

Mr. Chris Ludwig

Senior Geophysicist

Heinrichs Geoexploration Company
P. 0. Box 5671

Tucson, Arizona 85703

Dear Chris:

I sent the map showing planned I. P. lines for Phase II
of work at the Mowry to U. S. Smelting, keeping only a
tracing. As I can not seem to locate the tracing, I have
put on the enclosed map the lines as I remember them.

The alternate for line 2-4, shown in ordinary pencil may
be better in that it goes over the Olive Mine shaft and
near a sh_ft north of the Mowry Mine.

I will try to call you Friday morning to discuss further
lines 2+1, 2-2, and 2-3. Perhaps a combination of I. P.
and magnetometer work will give us a more precise drill
site for this anomaly picked up in Phase I (our Nellie
Prospect).

Yours truly,

(e 1AW

C. Carew McFall
General Manager

3538 EI Grande Drive, San Jose, California 95132, Tel: 408 251-7340, Cable: Seminco, Sanjose, Calif.
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August 10, 1967

‘Mr. Carew McFall

Scientific Exploration & Mining Company
P: 0. Box 22972 ’

*~ Nogales, Arizona 85621

Re: Proposed I1.P, sﬁrvayn
Patagonia Area, Santa - |
Cruz County, Arizoma .

Dear Carew:

' Confirming recent conversations with Walt, we herewith
propose for our mutual understanding and agreement as follows:

Beginning on or about August 21, 1967, Geoex will furnish
one two man I,P, crew and equipment as requested by you.

Charges will be at the rate of $200.00 per iwo man crew day
for estimated 11 days; total job cost will be approximately $3,600.00.
Vehicle charges will be $12.00 per day plus $0.12 per mile per
vehicle and one vehicle will be used. Directly related supplies,
communications, living and other directly incidental charges at

our cost. Final compilation, interpretation and report is $125,00
per Tucson staff day.

Mobilization and demobilization, travel, excessive weather
delay and standby charges are one-half the daily rate. Breakdown

of our equipment in excess of one hour per day will be made up or
not charged. “

All property permits, brushing and trespassing-liability and
related costs incurred on behalf of client assumed by client,

Charges for extra equipment and personnel employed if mutually

| .desired, are extra.
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Mr. Carew McFall Page 2 August 10, 1967
Seminco

Geoex will save client harmless from all Workmen's Compensation,
public liability and property damage liability incurred by Geoex ‘
employees.

Preliminary reports or copies of rough field plotting sheets
will be available as work progresses.

An advance of $1,500.00 will be required to mobilize the crew,
and payments are due on presentation. Billings may be submitted
perlodically with final statement after completion of final report.

Indication of your understanding and approval of the above
by executing as provided below on the attached copy of this letter
and returning it to us, will be most appreciated.

Sincerely yours,

HEINRICHS GEOEXPLORATION COMPANY

E. Groﬁer Heinrichs
Vice President

Date:

- Accepted by:

" Title:

. EGHs Jc

cc: Extra enclosure
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