(L.a Mona South)

In the field, Ill-stage dacite (Tdeg) whose eolor changed to white were found
here and there and regarded as the signs of hydrothermal alteration, but as a
result of X-ray diffractometrical study, no formation of clay minerals was
found. Accordingly, the influeneé of hydrothermal alteration on this dacite is
judged to be small even if it exists. However, comparatively a high percentage
of K~feldspar is contained in each sample and this K-feldspar is highly possible
to be a K-feldspar which has the form of adularia formed by diagenesis pointed
out by Honda & Matsueda (1979) rather than primary K-feldspar when judged
from the field oceurrence (rock color changing to white), From the viewpoint
of hydrothermal alteration, relat;onship with Kuroko type deposits cannot be
expected

Other: 1In Canada area in the northern part of the survey area, a weak
alteration zone, which is not subject to fractures clearly, were found in IV-
stage andesites {Tady). The X-ray diffractometrical study of this zone showed
that clay minerals were not formed, but quartz and K-feldspar were formed
while the plagioclase of the original rock remained. As the combination of
quartz and K-feldspar is found frequently in gold (silver) deposits, future study
is required from this point of view,

3-5-4 On Residual Content of -Plagioelase

The residual content of. plagicclase, the mineral which is decomposed most
easily by hydrothermal alteration, was investigated. The place where the residusl
plagioclase can be noticed by X-ray diffractometrical study corresponds to the Ill-Zone
in the. alteration zoning. -Around the residual zone, plagioclase has been decomposed
completely as shown in Fig. 3-13 in contrast with the distribution shown in Fig. 3-11.
However, at the NE-SW end of the hangmg wall dacite (Kdeg), plagioclase begins to
remain again-and alteration tends to deeline. In addition, several isolated residual
zones are distributed in the eastern part of the La America deposit.

The La America deposit is located between perfect decomposition zone and
residual zone, but the Descubridora deposit is in a residual zone of plagioclase. As
pointed out in the section of alteration zoning, the faet that the zones of high
alteration degrees seem to exist rather in other places than known deposits requires
attention in Kuroko exploration.
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3-5-5 On Chlorite

Chlorite is comparatively a popular mineral in Kuroko type deposits, and its
appearance frequency is high also in this area. About the chemiecal composition of
chlorite which appears in the altered zone around a Kuroko type deposit, it has been-
known that the chemical composition of chlorite near the deposit differs from that in
the peripheral part (Izawa et al., 1978; Urabe & Scott, 1982-A). Chlorite shows the 601
reflection from the first order to the flfth order dependmg upon the basal distance of
about 14 A in X-ray diffractometry, and the relative intensity of these basal reflections
varies with the chemiesl compositions of chlorite. In this survey, octahedron eation
composition and heavy atom (Fe) distribution were determined from the intensity ratios

" of three reflection values on a triangular figure of I (14 A) -1 (7 A) - 1(4.7 A) devised by
Omuma et al. (1972) (Rig. 3-14) .

If the chemical compomtlon of chlorite is assumed as (Mg, Al)g - yFey (8i, Al)g
Olg(OH)g, the y of ehlorite in this survey area changes in a range-of Y = 1.5 - 3.5.- The
pyroclasties of ore horizon, ‘which are distributed near the isoplethic line y = 2 are all
those collected in the Descubridors tunnel, and those of y = 2.5 - 3 were collected in
the La Ameriea.tunnel.  In spite of their position near the deposit, they are ehlorites
richer in'iron than the former. This fact does not agree with the general phenonienon
that chlorite richer in magnesium is formed near ore deposit in a Kuroko type deposit,
and the reason for this disagreement is unclear. It may be a feature of the La America
deposit or the result of chlorite composition change caused by the overlapping of the
subsequent Coucha type vein mmerahzatlon S

The chemical compositions of ehlorite in the hanging wall dacite (Kdeg) include
that plotted. in a range of y = 2 - 2.5 and that with a value near y = 3.5. The former
ehlorite is similar to that in the pyroclastics  (Koh) of ore horizon in La America-
Descubridora in relation to composition, but the latter chlorite is that richer in iron.
As a reason for this difference, the influence of the position of collecting the latter
sample, which was near granophyre by chance, can be considered, but the number of
examples was too small to clarify the reason adequately. The two chlorite samples in
the host roek of the Plomosas vein have almost the same composition and are richer in
iron than the samples related with Kuroko type deposits, and this agrees with the
general tendency known till foday.

~ Fig. 3~14 shows the change of the.composition of chlorite in the footwall dacite
of Fukazawa deposit, which is a representative Cenozoic Kuroko deposit in Japan, with
the distance from the deposit. Although there is local disturbance of about 0.5 in the
valite of y in the changing tendeney of y, a tendeney that y decreases (deerease in iron
and increase in magnesium) with approach to the deposit can be noticed. Therefore, it
is useful for estimating a distance from a deposit.

Chlorite in this area has chemical compositions almost equivalent to those of
ehlorite appearing in places 0.7 - 4 km apart from the deposit around Fukazawa deposit,
but chlorite like that, which is produced in Fukazawa deposif and is extremely rich in

-magnesitm to an extent of v = 0.5, has not been found. These characteristics of
ehlorite ean be interpreted that the chlorite in this survey area is different from that of
the Kuroko deposit and relatively richer in iron, or that, as pointed out in the section of
alteration zoning mentioned before, the center of alteration may be concealed in other
places than known Kuroke type deposits.
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CHAPTER 4 GROCHEMICAL EXPLORATION

4-1 Geochemical Expioration using Stream Sediments
4-1-1 Methbd of Survey
{1 Sample Collectlon

In the. geochemmal exploratmn using stream sedimeénts, samples were collected
checking sample collecting points, which were established previously so as to
cover the entire survey area, on topographical maps and with barometers. In a
survey area of 1,000 km2 1,505 samples were collected. Sample collectmg
places were on the bank of a stream, the sandbank in a stream or in the
underneath of a rock, ete., and a sample of about 30 g of -80 mesh size was
collected in each place. The analytical results of these samples are shown in
Apx. 1 together with the geology which determmes the origin of each sample,
collected position, ete.

(2) | Preparatlon of Sample and Detectxon Limit of Analys:s

' _The samples were dried at the survey base (Talpa de Allende), magnetlte was
removed from them with magnets, about a. quanuty of 20 ¢ was separated from
each sample for analysis, and after preparing sample lists, the samples for
analysts were sent to Hanaoka Laboratory of Dowa Mmmg Co., Ltd.

Analytical. detection limits were all 0.1 ppm for Ag, Cu; Pb and Zn. As the
frequency of appearance of values below the detection limit was high (66%) for
Ag, statistical treatment was- ecarried out by assuming the values below the
-detection limit as 0.01 ppm.

4-1-2  Statistical Treatment of Analytical Values

Smgle variable and multwamable analyses were carried out for the four
elements -(Ag, Cu, Pb and Zn) of 1,505 samples collected during this survey. In
geochemical data analyses, it has been known empmcally that the frequency distribu-
tion of the contents of minor elements contained in geochemical samples assumes log
norma) distribution (Lepeltier, 1969). Accordmgly, it has been the general method of -
determining anomalous values to pay attention to the deviation (anomalous population)
from the log normal distribution (background population) shown by the most part of a
certain indieator. The population handled in geochemiecal exploration is usuelly the
composite population of the background population and the anomalous population, and it
becomes an important subject how to divide these two in conformity with actual
conditions. Apart from the case where the object composite population assumes log
normal distribution, when the population assumes a distribution deviated from the log
normal distribution, particular consideration is required. In the past, a method to
determine background values and threshold values -using a cumulative frequency
‘distribution curve by Lepeltier (1969) and Sinclair (1976} has been used as a method to
solve this problem. '

However, a composite population shown by aetual geochemical data is usually
an assembly of several Kinds of populations each having different geochemical



characteristics. Therefore, there is a problem in the manner to divide a composite
population into each slement population at the bending poinis on the cumulative
frequeney distribution curve or at the middle points of curves which appear near the
boundaries of plural different populations. As we thought is rational to use the method
to determine a frequency curve by determining & spline function approximate to the
cumulative frequency curve and its derivative of the first order, which was recently
devised by Otsu et al. (1983), to solve the above problem, we used this method for
determining the threshold values of single variables. However, to a casé where the
cumulative frequency curve or histogram agrees well with the log normal distribution
curve, the meaning to apply the method by Otsu et al. becomes less, beeause the
.population in this case is regarded to be composed of a single population. However, in.
this survey, it was posmble to deteet some abnormal population for each of the four
elements.

4-1-3 Background Geology and Ind:cator Content

“The contents of mdlcators in the stream sediments depend upon the geologmal
conditions and the degrees of mineralization and alteration of the background area from
which the sedimen_ts came from. A(__:cordin_gly, geochemical characteristics for respec-
tive geologncal units are shown in Table 4~1. However, as the number of samples
included in, each geological unit was small, threshold values were not determined.
Accordmg.to this table, geological units whlch have background areas with clearly
higher geometrie means than that of the entire area are as follows.

Ag : I-stage dacites (Tdep)

Cu : I-stage andesites (Tady)

Pb : the same ‘through all the geologlcal umts

7Zn : Cretaceous system

Geological units whose distribution characteristics of indieator contents show
positive skewness are extracted as follows for reference.

Ag : (distribution characteristies unclear)

Cu :  (none)

Pb : Cretaceous systeni-, sé‘ndstbne (Tssl) II-stage andesites (Tads)

Zn : Cretaceous system, I-stage andesites (Tad 1), sandstone (Tssy),
-stage andesites (Tadg) A

4-1-4 Determination of Threshold Values
Threshold values were determmed by smoothing a cUmulatxve frequency curve,
drawing a frequency distribution curve, which was determined from the differential

coefficients of the smoothed curve, using a spline funetion, and extracting high content
peaks for principal peaks

— 49 ~ .



$5PUMRNS AaTIEFou YITA WOTINQIXISTP Tmmzou Jo
SSPUMENS BATITSOd YITA VOTINIXISTP TemIeu 07 & g-N

M-d

F53UASYS INOYITA WOTINGTIISTP euxon FoT 5=N
uoTARTAIAQY

) 0 DO R _ . .

O-H | O=N ¢ NN | - gL 6070} QL L970 ) L7E3) 9798 (6'LL ) 08T} I 04T o0LC0 | LOTO| - - - - 6'69 | 9705 17T 190 0] 991 (*239 | 9$I1)8a9YI0 §
1 .

o _ o | O | - 6100zl 0 90 mq.ofu._mm Sz | 078EL| 0Lr0 | wrzl grat ol ool - - - - TUEY | BTLS| LT6 | Li0TO| %EL (ydd ‘wpy ‘pp)ssarsnaguy .
O-N | O~N | O~N | - §L7Q| BOTC | BY°D qm.oﬂm.mm_ §TiL L79% | S£°0 | QTIE] STEE | QL0 { OO} - - - - €99 | L7158 %78 LEQ*0G 88 { omﬁmmu..ﬂu.da 23=5-1 ¢

o-N [ - 9L°0 L0 | 6970 | 7970 | #°8SE 876%L | 9°LDpE| 0671 | 292 .o._.— QLo | 10°0) - - - - D€L | L°1S)| %78 | TEO"O| L8Y (¥ PEL ‘€ PEL)

. . - $97TEAPY 98eIG-AT C-I1T §

N | ~ S0 TLTO( iH0 | #5°0 | 87GLE q.mmlm.mm 0570 87HE | 8°%2 ow.oﬁpo.o - - - - E*RL 9715 0721 | 200 LE2 (z pel)saatsapuy aZe3g-II ¥
anloaw Ny - 9101 8070 | 670 | 6%70 | 5525 019l | 1759 | CE0 |'£°8Z | 2°2¢ | 0671 | 10O | -~ - - - LULL 1 6°ES| 6°6L BLOTO| S0OI {1 ssz)oucaspues &
d-N| O-N | N-N | - LE°Q| 2070 [ 6270 | 7970} 17992 67LLL L STtET 0470 ] 0°9T ) BUET | 0B°0 VD0 - - - - £TL | 8981 9L | #1070 | 'ESL (i pey)saaTsepuy a8eag-I
méﬂ 4-% zL«FI 9E"0| SL°C ) 1970 | 9L°0| O°sve‘el TOLy | LiLw ,o_.m 9 6% | ¥7L2 oi-o| 00| - - - - LeaLLf 578l 078T, €070 WL wa3lsAs SOIVEIRIN T
d-N| d-N | N-N | - 00| LLro[ 250 | €970 | 076vEcE .N.o:u Loeiyl QL8 9o LT ) 0L | 00 | 00 emmlﬁ 7hl 0El 760y £TRL | 9TES) 6770 £0°0 ] SO51L ooy IToUM
uwg | ag [ | 8| uz | qz | mo | Wy uz %4 | %0 ) By | uz 43 | %O ) 3y ) uz ) oqa) no| | uz | 4| W] W 1ewes Speo

- . — E1) P

2d£1 WOTINQTIISIQ UOTIBTASD ! (mddy anTes WDTUTH (mddy ueay TrIWodn  EIRQUAN ooy

paepuyig OpIjemessy |

(mdd) onTes wnmIXER

1

(mdd) proysaiyl

SICIBOTPUY (UITWAYD0DH F0 S5IIvWweaARd 18DTISTIFIZ I=-p 87qe]




Frequency

Cumulative

99.99 : ' 99.99

(%) : (%)
N = 1.508 . : : N = 1.505
99.90 : G.Mean = 0.03 ppm 99.90 : | | 6.Mean = 12.9ppm
. |
. ’ :
:; Min, = 0.0! ppm : “Min, = 0.1 ppm
! : '
99 .00 Max. = 8.10 ppm 99.00 Max. = 477 .7 ppm
| G.St.Dev.z 0.63 | _ 3 . _ h\ G. St Dev, = 0.52
95.00 — ' 95.00 ' _ \
90.00 - '90.00 : : \
80.00 . | 80.00 ' ' \
7000 o 10.00 . \ Cumulative
i .
. l - -
60.00 . ) _ 'g 'GQ'OO . ] \ Frequency
50.00 =t = - o 50.00 — X —Curve |
40.00 =200 ¢ = 40.00 : — \ =200
30.00 : — =180 = 30.00 _ \ =180
' _ , 34 o - _
20.00 : — < o0 - Z 2000} : 1160
. b . ) ~ [w] :
P Cumulative _ - g
1000 } : = 140 2 g 10. 00 : : _ : {140
' 1\ Freguency = ' o \
5.00 _i_ -\ — = IEO p- oo 5. 00 - . 4 120
| Gurve N |
| l -4 100 o | 100
i h ?}' : r" L
: i @ 1.00 . AN - 80
1.00 Erequency ! 80 ~ / \~._\
. 1} ] . 8 . | R
Curve iii -4 60 1 : Fregquency /. .. - 60
| Hl‘ a B - Curve ',' )
0.10 1! - 440 2 0.10 ; T / \ - 40
|EE E“‘ _ Threshold N o l} ’o Threshoid —\— \.
HIE 4 20 & i / \ 4 20
HIR! P / N
0.0l l.'l l\.." !"'-\ P DS M 0 0.0l P \.__.r-’\ ___,.____f iy Ny . 0
o3 1072 10! 10° 10! 102 10! 10° 0! 102 10°
Fig. 4-1 Frequency and Cumulative. o Fig.4-2 Frequency and Cumulative

Frequency Curve (Ag) Frequency Curve (Cu)

Frequency %/ Log ppm

Relative



Frequency

Cumulative

Frequency % / I_o.g. ppm:.

Relative -

99.99
(%)
N ="1.505
\_
99.90 G. Mean® 52.44 ppm
Min. = | L.OOppm
99, 00 Max. = 410.20ppm
G. St:Dev.= O. 11
95.00 \ :
90.00 |- ' )
80.00 - i
70.00 e Q
60.0Q0
50. 00 i
40.00 200
30.00 i 1; Cumgloiiye — 180
i '
20.00 Frequen : i Frequsney __jﬁ 160 -
¢4 v } ll Curve .
Curve .
10. 00 —f ! 140
5. 00 L {120
| 1 -4 100
: -
.00 I' \ a0
!
| _
Threshold N
0 .10 : '1 ! ) 40
| ' ~
' | - 20
I‘/ \'\\
0 O, oy o iy ,-...._.\.__ 0
Fig.4-3 Frequency and Cumulative

Frequency Curve (Pb)

Frequency

Cumulative

 99.99

Frequency Curve

(Zn)

(%)
N = 1.505
99.90 ¥ G. Mean = 70.30ppm
Min. = 21.40ppm
99.00 Max. = 3,350 .00ppm
G. St. Dev. = 0.20
95.00 \
. 90.00 i
[
80.00 —\H
o A
70.00
60.00 ,\
50.00 | \

" 40.00 j% 200
SR 1 : '
30.00 _l!' { - Cumulative 180

j '
20.00 1 Frequency 180
. 1
_ : ' I : Curve :
- 10.00 |- Frequency i 140
. : B i
: _ Curve !
5.00 : 120
1 ] '
_____J;}! -1 100
L
t.00 ! 80
E .
A - s0
I
' -1 40
0.10 Threshold ,EJ'
{ i
H -1 20
{J’
0.0l yat 0
10° 10! 0%
Fig4-4 Frequency and Cumulative

Frequency %/ ng ppm

Relgtive






(UZ- ND) $8I004 H00Y || 4O WDIBDIQ JoHDog GBIy

OD.--lnuﬁ&..unn!.ncw---;-Chjnn-.-:-00--.;--Dm-n-,nnunDﬁn---;-DM--}-ro-DN----Dr-u-a-oD

LS =+ “L5 Lu+3oitiee "l

g5 = ~{§ (L'L.p)

6y = -59

g2y - -8%

FA ] ) + -~y

9y - -2 Lo+3g2iLzecn

7 - + e -sr (928

Y - * ¥ o+ 4 -y

£y - + * * P Y Y L S + -9

z2% - + P + . ¥k FRAENE et bR e LR E 4 + iy

LY - + ) » + REENABREERE ANt -1% LO+32€E%4L°0

0 = - +. FERSLF AR FREF NhRES SEREEE+ O+ 4 + =-0% (PSS )

5% - + + * P ¥ERXEABRIEENRRP NN REE & 4 -58

gz - * * + e Fht ke P ERERREMERRAANRNAR Hbd g o+ 4 -8

i - +4+ . . + o Kb ARNEREERAEERANERRS 4 4 + -5

9¢ - L4 + EhE EEREE  AEENRERE AT RN + * -9% LO+2LYSLzL 0

[ + FEEE A PERFASKEN AR ANARNRN =-6% (6281

- + NEBA RPABREAT AL ELREARERE Ak 44 -he

£ = b RE AL RN AR RN REN R RN ENAR RN K -C<

28 = b OAEE R RANNENAARN AR RN AN A +=2%

[ * + A OHERERE MAEENBK AN RANA A ok h bk =% nu+3s6%ine~0

vE - + o+ 4 KA A NERNENFENARENEDE AN H -0 {+'9)

62 - ’ + X R Y YT ETY F P P P rany e + wpZ

8¢ B d . KEREENNE SR ERE H¥4 ¥ 4 =B2

22 - + Tt 4 RNy AR b hphn wa - s Famt?

92 = + R AT T LT 1] LERR T -97 OU+3IRLGOEE0

2 = ) + % X5 L ~57 (6'2)

22 - . LIS B TS =92

£Z = * + + o+t + + -%2 twddy 29

22 = + + + + =22 .

V2 - ) + =-ie DO+3REEBZL*0a

o0z - * -cz (270

5L = } -5

gL - -84i

PR -4

- -9 NU+3¢629646" 0w

sL - . -5 (€0)

74 - + ' -7l

¢ - -£L

2L - -2

by - e + ot d EFERL A ¥ ++ =i LO+32L790L% 0w

oL - -0l {60°0)

I3 - -5

g - : . -3

é - =2

9 - 21'0 = iUs1diiia0) UQlip|aJdlo) -9 LU+3IR0256L"0a-

5§ - : i et (€0°0)

i - S0s' = N =7

- - . -£

4 - -

L - ) : + * + -l Lo+AnDOONe U=
DD..-n.n-:QG-q-yn-D&u-a-u-Cﬁu.---:Uﬂ--n:.a.Om\notunpst--r--Dm-.--qON-.I--uor-cnovnn-D m 0.0

LO+30%%25¢*p - - ro+w0mmme.o Lp+3449992°0 L0+38624022°0 LD+3024%L L0 LO+3L90EEL"0

(osee'e) {gLie'i (P etrb) (2191 ) (8851 (12}

ﬁEaay Uz






(UZ-Gd ) S810D4 %004 |1V 4O WDIBDIQ J8}iD9S 9-pBig

ODw-u---Dmnuanuunccm-.II-O:DN!-.- --Gﬂ--

sraapgEssssraepyy.

--||‘Dﬂ||.tnn.uDNchatl-oDr-nlnlansQ

18 -+ -LS Lg+3n0EL9Z"0

as - =0s (201}

67 - ’ =%

g% - ~8%

AR =LY

9% - ) 3y LO+3N8SE¥2*0

sy - + . -sv (9682)

v - -9y

g% - -£7

27 - ~27

Ly =~ -LY LO+3%98627%0

o7 - -0% (g'86l)

68 - =6

g - * -85

P + =Lf

g =~ * -9¢ LO+3R7LYLEZ"D

LS - .o+ -5¢ {ggen

e - PO =g

£ - + + ¥ -£%

zg - + + -2g

1 - + +é 4 + =Lg LO+3CE7861°0

0f = r ek +os - . -0% (S06)

62 - 4+ + ¥+ + % + -57

ge - + + + 4 AR kRN tRE 44 ~g?

iz - ¥ + v # + AL AR ERARLNNEE 4 W+ -L2

92 L T I A R T LI T T -92 LO+a24428L40

52 - + FOE R AR AR AR RN AN KRR R NAN + =52 (249}

7 = + o+ PR EF B AR A NFENENRR N RN AR AN -7

£ - LR SAARARTEREARRREARRARRRRRNS KL b + -tz {wdd)

2e - L A T T Y E T PP T R TR ey =22

e =~ * t o ke NERREENANEAERRERNF RN FaeE M4 =-L2 LO+3200490°0

gg =~ * 4 PR Ah BREERNNRANEEANRNEANE A4 44 -0Z tgeor!

&L - OBt b NRNERXANRRRERNERNEENEN & +a=51

8L - + FFEARARERERR NN P =8¢

cl - A OAEKE AN N R ¥ +* Ly

%L - + + + NP tRAREE $es + =9 Lo+3982L5L 0

st - + 4 ¥y xed . ¥ +m5l (92

Lo~ 4 + + o+ -f]

el - + LI ++ -5t

2L = + * +=2L

L - * + 4=l LO+*304858¢€L"0

gk - + =0l (4221

-] - - -

g - + -8

2 - . -l

9 - GG'Q = 4UBIDN}IR0GD UOlID|BII0D * -9 LG+36SRELL"D

s - = . -5 (2'Gl}

K - SO8 'l =N -7

£ - =g

4 - ~Z

L - + =l LO+36ELynl"D
ODO!I- -AOQOI--anom-a-uln-c&u -.-I-DQ- -lnn-nDﬂcn--W-D¢|.-n--nDMn---JONuuncrnnnmrnl--riﬂ HO.—_U

LG+30%%26¢%0 wo+m0mesm.c LO+3L4999270 . rc+mmunommnc. L0+30269%94L°0 . LO+3L%0%¢L%0C

{0°6pee ) {8212} C(EePP) (1ol (883! (12

{wady vz ——r——






qd

(wdd)

(UZ - 0d ) WsisAg snosonisd) 10 wpabpiq 1eiipog JBid

DD-I.-.n..O&.nnunnulOw----:cn--..u-DQ--u.--Dm:n.:o.-D¢-u--a-0m-r---eON-c-.-Gr--o-uD

DD:.-:-IIUDD-.---oowlnll--Oh--u:nn-DO---IbOm--n-nI-Oo\_-:---OMn-.-nlnu.tONun-n-InD—.nnan-n-:

LO+3044651"0
(96%)

LS =+

ps -

6% -

3y -

L7 =

9% =

gy -

vy -

£ - +

zy -

iy =

oy -

6% -

88 -

PA S

98 -

€E o~

%g -

£g -

4]

I =

0% = *

62 =

BgZ =~

L2 = +

9z =~

£ =

22 =

£ -~

2z =

-

0z =

6Lk =

2L -

FASE

gL - ’

st -

9L -

£ -

2k -

[ —

ol =

0 -

@ -

n -

-] -

g -

¥ hd P21 = N

< -

2 -

h -

ro+moq¢NMm.a L0+3668ELEYD
oebe ¢ (2LLE)

=== WLIHIEYSOT

(wddy

P80 = iUsldL}4a0)

L0+369E642°0
(1298

(wady

uz

UOiiDj410)

L0+39EB9ES"D

(G'g€e2)

uz

+

+

+
+

+

¥+
+ o+

L
+

+
-

&

+t 4

L Y TR

-

+
+

*

+

*hben a

LI B
e

+

LO+#320%846L°0

(

2°98)

*p¥nd +rs

+*

™

»

%
+

+
++

»
+

+

+

+

+

-5
-as
-5
-89
“ly
-9

-5y

-9
-z¥
=27
-i%
0%
-1
=8¢
=L
-9
-Ss
-5¢
b 1Y
-2£
~iE
=0
-62
-8z
-L2
-92
=52
=72
-£2
=22
L2
=0z
~6L
-8
~it
i
-5
-2
~¢i
=i
-LL
~0l
-6
-8
-4
-9
-5
-7
-5
-2
-t

to+3n0EL9240
{201t}

LO+39%56%2"0

10+32644¢2"0
[ L 8EC)

Lor3n0922%0

L0+38827120
{C'8gn

LO+39ES2NE"0

{wdd) gg

LO+378L06L40
{608)

LO*ILEQSLLO

L0+364225L=0
(Hiw)

L0+322866L%D

LO+352489L"0
(PL2)






Ag: As 66% samples showed values below the detection limitl), samples were
divided into a non-detected group and a detected group. As the Ag contents of the
detected group samples are generally low, the distribution of this group is represented
as & stepped cumulative frequency curve in relation to the accuracy of the analysis.

Ih frequency distribution is clearly different from the low content part with
0.54 ppm as a boundary. Therefore, 0.54 ppm was determined as a-threshold value for
-dividing background values and anomalous values.

Cu: In the mode of distribution of -the whole rock, the cumulative frequency
curve shows negative skewness on the high content side. However, the frequency
distribution is elearly different between the low content side and the high content side
with 130 ppm as a boundary, so this value was determined as a threshold value. Only
five samples showed values above the threshold value, showing poor copper-mineraliza-
tion in the survey area.

Pb: It shows a log normal distribution with an extremely high degree of
concentration. As a distribution of small peaks, which is regarded to be reflecting
anomalous populations, begins at 114 ppm towards the high content side, this value was
adopted as a threshold value. '

Zn: It shows a distribution with a high degree of concentration next to Pb. The
clearest positive skewness is observed on the high content side smong the four
indicators. - The frequency curve shows clear difference in the distribution mode of
populations between the high content side and the low content side with 365 ppm as a
boundary. Therefore, 365 ppm was adopted as a threshold value.

4-1-5 Correlation Coefficient between Indicators

. The correlation coefficient between indieators on logarithmic base is shown for
the whole rock and each geological unit. In the geological units except the Cretaceous
system, correlation -coefficients between respective indicators are small, suggesting
that the origins of individual indicators are different from each other. However, among
the samples originating from the Cretaceous system, the combinations of Pb-Zn, Ag-Zn
and Ag-Pb are noticed high correlation- coefficient, which is regarded to show that
these indieators are those of the saeme origin, in other words, they are those from the
Kuroko type deposit existing in this geologieal unit.

Using the list of correlation coefficients, tests of 1% and 5% significance levels
were carried out (Table 4-2 ),

1} To carry out principal component analysis, values below the deteection were handled
as 0.01 ppm in statistical {reatment.






Table 4 ~2 Matrix

of

Correlation

(Whole Rocks )

Coefficient(®

Ag . Cu Pb Zn
Ag 1.00
cu | —o0109 1.00
P |® 006 027 1.00
Zn | 7% 021 o018 " 055 1.00
% 5%Coeff  0.05 %% ] %Coeff -+ 0.0 7
(Cretaceons System)
Ag Cu Pov Zn
Ag 1.0 0
Cu —-0.09 1.00
Pb X 055 0.0 7 1.00
zn | *F 071 0.05 *#*0.84 1.0 0
5% Coeff-- 018 w1 %Coeff - 023
(1—-Stage Andesites : Tad, )
Ag Cu Pb Zn
}—Ag 1.00
Cu 022 1.00
Pb —003 g.10 1.00
zn | ®** 039 0.0 4 048 1.0 0
% 5%Coeff - 016 w | HCoeff - 021






Table 4--2 Matrix of Correlation Coefficent(?

( Sandstone ! Tssy )

3
Ag Cu FPb Zn
Ag 1.00
Cu * 020 100
Pb 0.16 0109 1.00
zn ™ o026 015 [ . 054 1.0 0
%5 %Coeff ' 0.2 w#¥ 1% Coeff 0.3
{[—Stage Andesites :Tads )
4
Ag Cu Pb Zn
Ag 1.00
cu |™* —o019 1.00
Pb 0.02 ¥ 029 1.00
Zn X o1s ¥ p.30 052 1.0 0
#5%Coeff-0.12 w1 BCoeff - 0.16
(-, W—Stage Andesites ; Tads, Tads )
5 _ ,
Ag Cu Pb Zn
Ag 1.0 ¢
Cu X 015 1.00
Pb —0.0 4 B 0.27 1.0 0
Zn 0.0 7 o011 ® 0409 1.0 0

%5%Coeff 009 %k 1 BCoeff -~ 0.12






Table 4—2 Matrix

of

Corretation

Coefficient(®

{]—8tage Dacite ! Tder )
Ag Cu Pb Zn
Ag 1.00
Cu .15 1..00
Pb 0.09 0.20 1.00
Zn 0.0 0 ¥ 023 *E o055 1.0 0
% 5%Coeff 021 x%1%Cocff - 0.28
{Intrusives : Gd, -Adm, Gph)
Ag. Cu Pb Zn
Ag 1.00
Cu ¥ o_0m0 1.0 0
Pb 0.0 4 X o p28 1.0 0
Zn 024 *® 038 ** 035 1.00
%S%Coeff---O.IS' wikl %Coeff -+ 020
“{Others :Tbsi, ete.)
Ag Cu Ph Zn
Ag 1.00
Cu —0.10 1.0 0
Pb 0.0 5 ¥ 840 1.00
Zn 0.04 0.14 040 1.0 0
%5%Coeff - 0.15 % ) BCoeff - 0.20







4-1-6 Principal Component Analysis

By determining the correlation coefficients between indicators, which cannot
be extracted by single variable analyses, from multidimensional distribution character-
istics, they were applied to the determination of character and the evaluation of
geochemical anomalies (Table 4-3).

Table 4-3 Results of Principal Component Analysis

P Eigen Eigenvector Factor Loading Hax. Min.
¢ “value Ag Cu rb n Ag Cu Pb Zn Score | Scove
2y | 1. 0.43 | 0.14 | 0.37 | 0.65 0.64 | 0,19 | 0.49 ] 0.85 | 0.84 | 12.53 | -4.45
2y | 120 0.30 | 0.78 | -0.60 | -6.03 | 0.20 | o.85 | -0.66 | -6.03 | o0.22 4,32 | -2.18
zy | 0.66 07 { 0.59 { 0.1t |-0.33 ]-0.21 | 0.48 | 0.58 | -0.27 | -0.17 | 2.9z | -5.30

¢ ¢ Principal Component
R Contribution Ratio

P-

e

As shown in this table, the contribution ratio fo the first principal component to

all the principal components is about 43%, occeupying nearly a half of all. The total to

the ratio of the third prineipal component amounts to 90% approximately, so that a

greater part of the fluctuation of all the components can be explained with them.

However, compared with the contribution ratio of the second principal component, 30%,
that of the third principal component markedly drops to 17%.

Factor ‘loading is composed of - correlation coefficients between prineipal
components and variables (indicator contents). For the first prineipal component, Pb~
Zn shows a high value 0.85-0.84, but Cu shows 0.49 reduced to nearly a half. Therefore,
the first principal component is characterized by high correlation with Pb and Zn and
medium degree of correlation with Cu.

The second prineipal eomponent is characterized by the high correlation {0.85)
with Ag and the negative correlation (-0.66) with Cu. The third principal ecomponent
has medium degrees of correlation with Ag and Cu and must show high scores in
samples with indicator contents not cerrelated with Pb and Zn. However, there are few
geochemieal anomalies with a strueture characterized by the third prineipal component.

4-1-7 Evaluation of Geochemical Ancmaly using Stream Sediments

Anomalous zones in the survey area can be classified- into single element
showing type ones and multi-element showing type ones according to the combinations
of indicators which show anomaly.

The explanation and evaluation of anomalous zones are carried out besed on
referring the structures of the first to third factor loading, factor secore and contrast.
The results are described as follows.

(1) Single Element Showing Type-Ag
This type seems to be divided again into three types, & type which shows the
mineralization of Ag only (the mineralization of Cu, Pb.and Zn is not
accompanied or is weak) and the score of the first prineipal component near
zero, and types which aceompany the mineralization of Cu or Zn although to a
low degree, :

The characteristics of each anomalous zone are as shown in Table 4-4.
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(2)

These anomalous zones are usuaily found in Tertiary volecanic rocks (III-1V stage
andesites, I-stage dacites, ete.), and in this case, they are characterized by the
mineralization of Ag only or that of Ag-(Cu). On the other hand, those found in
or near the Cretaceos system are characterized by the rnmerahz&tlon of Ag-

(Zn).

Single Element Shdwing Type-Cu

This type a'n"omalous zone is found ohly around Cerro San Pedro and shows the
‘mineralization of Cu only. The geology dominating the anomalous zone is

composed of I—stage andesites (Tadl) and granodiorite (Gd), but it is difficult to
suppose the orlgm of the mmerahzatlon. :

The small exposed parts of granophyre are found near the anomalous zone and
concealment near here is expeeted, but no occurrence showing direct relation-
ship with this anomalous zone was observed. The characteristics of ecach
anomalous zone are as shown in Table 4-5. They are characterized by the low
scores (low Ag, high Cu) of the second factor.

Table4-5 Evaluation of Anomalous Zones (Cu) -

Anomatous - |- Sample[ R |[Contents of Indicators{ppm) P.C. A'S Score .. Type of
Lunes

Mo, {6 A T Tu Ph 7 Zy 22 Z3 inferred Hiner1lizacion

San Podro

e | 2| ool 145;5‘; 49.51- 53,3 0;028 -1.887 | 1.005 | cu-mineralization

0
784 | 7 |_0.01 | 1380 _356.

0.0L[ 138,07 56.6| 76.8.] 0.88% | -1.723 | 0.862
N (0.6) 1 (M) | €L.1)] (1.2
797 | 2] .0.01|135,7]..52,6] 58,01 0.287]-1.831 | 1.07%
(0.7 [ (2.9 | (1.0) | (0.8)
TTTTFER 7| 0-01 231,57 a1.2|_ Z8.9 | -1.182 ) -2.381 | 2.039

(3)

Single Element Showing Type-Pb

With this type anomalous zones, San Pedro-NW area and Arroyo El Narranjo
area form geochemically " similar anomalous zones regardless of geological
difference. The mineralization inferred by them will be of a type accompany-
ing that of -a- certain degree of Cu nd Zn. In the case of the latter, the
anomalous zone is shown' by plural geochemmally similar samples but is -
different from the multi-element showing type found around a Kuroko type
deposnt in the structure of prmc:pal component scores.

Theranomalous zone in A_rroyo Las Palmas area and that_ iri Cruz Gorda—-w area
are similar to each other in their ifidicator contents and factor seores, and may
accompany weak Ag mineralization. Table 4-6 shows the characteristics of

‘anomalous zones.



Table 4-6 Evaluation of Anomalous Zones (Pb)

Anonalous Sample | R Contcnt:ﬁ_f_ Indicators{ppm} | ©  P.C. A'S Score Type ‘of 7

fones Ro. | CiTAg [T Pb- Zn Z1 Z2 %3 Inferred Mineralization
“san Pedro-Wd | 126 | 1] 0,01 4B.3]| 114.9| 202.8 ] 3.808 | -0.842 | -1.150 :
0.3 0.7 (2.0 (1.7 : , )
N S T R TR ) R Rl IR i
S O D E{Eh] :
Arroyo las Palmas 990 |3 0,1 | 14,921°16L,071°152,4 | 74,155 | 0.810 | ~-1.235 b= {(Pp1)- (Zu) winerallza-l
: - : IR R e ) tlon
Arvoyo el Naranjo | L1437 |4 ] 4,580 1 S079157| ~1.317
1438 4] 0,00 29,61 123,0] 140,0_| 3.536| 0.458 | ~0.430
e 2y 2.y ey [ e g
1a39 [ 4| 0,01 45,71 120.6(7170.8 | 3,675 | -0.895 | -1.169 | Pb- (cU) (n) mineraliza-
. FORON FEEONNERON RS E B S s rion
1478 |4 0,00 27,51 136.9] 168,71 3.835.|-0.660 | -1.633 : )
_ [ €0.5) | 2.3y | (2.6) | (2,3) o .
1483 fa|_0,01]] 24:2 )| 127.6] 167.8 | 3.601 | -0.592 7| -1.612
— (.5 feoalealenl - | o | - . e
Cruz Gorda<W 1495 (5] 0,101 19.91 i49.8] 97.4 | 3.4187 0.475| 0.764 | pb-(ag?)-(Cu-{zn)
(G203 I DI -3 ) 38 I ) ) " minerallzation
(4) Single Element Showing Type-Zn
These anomalous zones found in and around the La America-Deseubridora area
are classified into the single element showing type group, but all show high Ag
contrast which is judged to be the sign accompanying Ag mineralization (Table
4-7). Therefore, they are similar to the multi-element showmg type (Ag-Zn
anomaly) found around a Kuroko type deposit. '
Tabled-7 Evaluation of Anomalous Zones (Zn)
- : Indicat ~P.C. A'S Score Type of -
r\n;:::i:us Sagg}e gcoxge“ts.gi .n 1;3 ors(gﬁm) Zy Za T Z3 Inferled Mlueralization
”1;3;;;‘b11dura 821 -]'.— —Q_gt _-_7‘31._(_)7 - E:LQU_QQ_I;}__ 4,109 1,299 | 0.083 | Zn~(Ag) mineralization
6.7y (1. N U] (4,00 | . et
“Atroyo las Palmas-n| 861 | 7| 0,2| 25,3} 91,7|525.5| 4.657| 1.521 |-0.449 | Zn-(Ag) mineralization
an |l ey 1 .
(5) Multl—Element Showing Type (Cornp051te Type) Ag, Cu, Pb Zn

_Th;s type anomalous zones appear charactenstlcauy in: most cases m or around

areas contammg Kuroko type deposits. The showing indicator is: basmally the
eombmatlon of Ag—Zn, and Cu and Pb add. to it. This type is characterized by
the high scores of the first prmclpal component and the. medium degree scores
of the second prineipal component. There is no direet’ relationship between
these geochemically. anomalous zones and Kuroko type deposits, and these zones
are highly possible to have caught the result of subsequent mineralization which
succeeded the prmmpal mineralization that formed the Kuroko - type -deposits.
The mineralized signs of Ag and Zn were noticed in the hanging wall dacite
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(Tdeg) of La America~-Descubridora area. Table 4-8 shows the geochemical
characteristics of this type anomalous zones.

The anomalous zone in the Espinos Pina area is différent from other anomalous
zones in the factor scores and cannot be regarded as Kuroko type mineraliza-
tion.

As discussed above, the geochemical anomalies. found in an area containing
Kuroko type deposits are multi~element showing type based on the combination
of ‘indicators, principally Ag-Zn, and can be eclearly distinguished from the
single element showing type dominant in other areas. These anomalies may not
be direetly. originating from the Kuroko type mineralization but are highly
possible to be showing, so .to speak, subsequent Kuroko mineralization which
succeeds the prineipal mineralization of the Kuroko type, and are important in
the point it shows the existence of Kuroko mineralization although indirectly.

4-2 Geochemical Exploration' by Whole Rock Analysis -

Various attempts (for. exarnple Dudas, 1983; Hashimoto, 1983) have been made to
distinguish voleanic rock related with Kuroko type deposits in their origin from those
not related from a lithogeochemical standpoint, but perfect solution has not been given.
to this problem in results regardless of the principal elements or the minor elements of
rocks. - In this survey, this problem was studied taking the foot wall dacite (Kdey), the
pyroclastics of ore horizon (Koh), the hanging wall dacite (Kdes) and other dacites
(Tdey, Tdeg) with alteration signs, which are distributed around known Kuroko type
deposxts, and the dacite intercalated in the IV-stage andesites (Tady).

Using the 13 main components in 102 rock samples collected, (1) presumption of
voleanje roek series, (2) Study on alkali alteration index, (3) prmclpal component
analyses and (4) cluster analyses were ‘carried out. About the latter two, the manner of
difference of geology in sampling sites on geochemical characteristics was investigated.

4-2-1 Presumption of Voleanic Rock Series

About the samples in which formation of altered minerals was not noticed or
noticed very little, the voleanic series to which these samples belong were supposed
using Figs. 4-8 and 4-9. The triangular diagram shown in Fig. 4-8 is useful for the
classifieation of rock series and also represents the change of crystallization differen-
tiation. As it is usually thought that MgO concentrate into rocks which erystallize in
earlier stages, the composition of magma is ehanged gradually from the corner of MgO
to the lower left corner (NayO + K9O) as crystallization differentiation proceeds. The
four samples shown in Fig. 4-8 are all regarded to be those formed in the later stages of
differentiation. Especially, the hanging wall dacite of El Rubi deposit is thought to be
the latest stage of differentiation. As shown in Fig. 4-9, the hanging wall dacite {Kdey)
of the upper Cretaceous system and Tertiary dacite (Tdep) are all plotted in the cale-~
alkaline rock series region on the FeO*-(FeO*/MgO) relatzon diagram except one
example plotted in the theleiitic rock series region. This fact supports the idea {for
example, Lambert & Sato, 1974) to interpret that Kuroko type deposits are related with
calc-alkaline rock series, It also agrees with the fact that the dominant rock series of
two great voleanie zones (Sierra Madre Qecidental and Eje Neovoleanieo) in the United
Mexican States seem to be cale-alkali rock series (Nieto et al., 1981).
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4-2-2  Alkali Alteration Index*

In the case of Japanese Cenozone Kuroko deposits, altered zones are generally
evaluated using the foot wall dacite, which is regarded to have received the influence
of hydrothermal alteration at the time of ore formation most seriously (Hashiguchi et
al., 1981). As the area of foot wall dacite (Kdej) distribution is small in this survey
area, alteration was evaluated using the hangmg wall dacite (Kdeg) and the pyroclastics
of ore horizon, which are both distributed in comparatively wide areas. Also a certain
amount of mvest:gatlon was made about Tertiary dacites (Tdey, Tdeg, ete.) whose
alteration is notlced in comparatwely compact areas.

~ The alkah alteration -index is an index deV1sed for the quantltatwe re-
presentation of the degree of alteration paying attention to the high vesponsiveness of
"alkali and alkaline earth elements to hydrothermal alteration and greatly contributed to
the di)sco"very of Ezuri deposit, a Japanese Cenozoie Kuroko deposit, by Ishikawa et al.
(1980).

For the movément of eleménts by Kurcoko iype alteration, commonness is
noticed apart from the formation time and the distribution of deposits {Table 4-9).
Especially, the addition and leach of alkali and alkaline earth elements are character-
isties. :

As the La America and Descubridora depositis are also regarded to be Kuroko
type deposits, the mode of alteration accompanied by these deposits was mvestlgated
from the viewpoint of alkaline alteration index.

(La America-Descubridora Area)

Two inensely altered zones (alkali alteration index above 90%) stretehing in the
NE-SW direction are noticed in the distribution areas of hanging wall dacite
(Kdeg) and the pyroclastics (Koh) of ore horizon, and these two zones are
bounded by a weak alteration zone of the alteration index of &0 - 60%. La
America deposit is included in the intense alteration zone, but Descubridora
deposit corresponds rather to the weak alteration zone. The development of
the two intensely altered zones towards southwest has not been interrupted in
both cases and the development ean be expected (Fig. 4-10). In relation to the
low resistivity zones by the CSAMT method, which were found around this area,
the intensely altered zones are open to the low resistivity zone situated in the
southwestern part of the Descubridora deposit.

(£1 Rubi Area)

Although the distribution of foot wall dacite (Kde;) and hanging wall daecite
(Kdeg) have been limited, intense alteration zone and fairly intense alteration
zone {above 809%) are observed in the central part of the hanging wall dacite as
shown in Fig. 4-11. Also in the exposed part of the foot wall dacite (Kdcy), a
fairly intense alteration part is noticed locally, but in the eastern extensions of

" both the hanging wall and foot wall dacites, the degree of alteration becomes
weaker (Fig. 4-11).

* Alkali Alteration Index = (MgO + K90)/(MgO + K90 + NagO + Ca0) x 100
() weight %
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Table 4-9 Major Element Dispersions in relation to Kuroko Type Deposits

Mattabi,
Sturgeon Lake,
South Bay
McConnell {1976)

Alteration Elements Elements | Elements

mineralogy enyiched depleted | unchanged | Age
Ruroko, Japan' Mon,Sexr,Cht, | X,Mg,Fe,51 | Na,Ca Cenozoic
Lambert & Sato Kaol
(1974)
Kutroko, Japan Ser,Qtz, Mg ,K Na,Ca,Fe | Al Cenozoic
Tatsumi & Clark Cal
(1972)
Hitachi, Japan Cord, Mg ,Fe,Ba Na,Ca,St Cenozoic
Kuroda (1961) Anthoph.
Buchans, Canada Chl,Sern, Mg, ¥e,51 Na,Ca,K Paleozoic
Thurlow et al. Qtz
(1975) i
Heath Steele, Chl,Ser Mg Na,Ca Paleozoic
_Canada .
Wahl et al.
(1875)
Brunswick No,12 .chl,Ser, Mg, Fe, (Mn), | Na,Ca Al Paleozoic
Canada Qtz (K) (Mn), (K)
Goodfellow
(1975)
Killingdal, ¢hl,Bio, Mg,K,Mn Na,Ca,Si | AL,T1, Paleozoic
Norway. Qtz Fe(total)
Rui (1973)
Skorovass, Norway Chl,Ser Mg Na,Ca Paleozoic
Gjelsvik (1968)
Boliden, Sweden Chl, Ser, Mg ,K,Al Na,Ca Proterozoic
Nilsson (1968} Qtz,Andal
Mattabi, Canada Qtz,Carb, Fe,Mg Na,Ca ‘Archean
Franklin et al, Ser,Chld,
(1975) Chl,Andal,

Gar,Kyan,

) Bio

Millenbach, Canada Chi,sSer, Mg, Fe Wa,Ca,Si Archean
Simmons et al. Anthoph, :
(1973) Coxd.
‘Mines de Poirier Chl,Ser, Mg K Na,Ca si Archean ¢
Canada i
Descarreaux
{1973)
Lac Dufault, Canada| Chl,Ser Mg ,Fe,Mn Na,Ca AL, TL Archean
Sakrison (1966) ' K,Si
East Waite, Mobrun, | Qtz,Ser,Chl, | Mg,Fe Na,Ca Si,Al Archean
Joutel, Poirier, Carb, Sauss,
Agnico-Eagle, Epldote

{ After

Govett & Nichol, 1979)
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When judged from the alkali alteration index, the intense and fairly intense
alteration zones in the hanging wall dacite (Kdeg) ean also be regarded as a
separate alteration Zone from the alteration zone which formed the known El
Rubi deposit, and the existing El Rubi deposit is included in the fairly intense
alteration zone in the southeastern part of this intense alteration zone.

(Rincon Area)

This is an alteration zone in I-stage dacite (Tdep) of the Tertiary in this area.
An intense alteration zone of a scale of 400 m x 500 m is noticed.

However, the zone seems to change into a weak alteration zone immediately
around it. Among other samples in the same rock formation, there are no
samples of intense alteration to be noted particularly, therefore, the zone will

- be an alteration zone limited in this area. The behaviors of alkali and alkaline
earth elements are similar to those in the case of the Kuroko type alteration,
but as a result of the cluster analysis deseribed later, few positive reasons were
noticed to inelude this altecation in the Kuroko type alteration.

4-2-3 Prineipal Component Analysis

For the main 13 components in 102 rock samples collected in the survey area,
principal component analyses were carried out to clarify the relationship with the
Kuroko type mineralization. Correlation coefficients for the 13 components are shown
in Table 4-10.

In this table, correlation is noticed in the fdllowing combinations.

Py0g ~ AlgOg (0.79)
MgQ - FeO  (0.78)
Ca0 - NagO (0.60)
BaO0 - K90  (0.59)
MnO - FeO  (0.52)
NagQ - AlgOs3 (0.47)
Ca0 - MnO  (0.46)
MgO - MnQO  (0.45)

Also, negative correlation between SiO9 and the following elements is noticed.

Si0g - AlgOg (-0.83)
Si0g - NagO (-0.46)
8i0s - TiOg (~0.46)
8i0g - MnO  (-0.40)

Correlation is noticed between CaQ and NagO which have strong leaching
tendency when subjected to hydrothermal alteration, and between BaO and K0 with
strong inereasing tendency.






oot | 6zo | 210 |69 T::T 600~ | 210~ | ST0 ﬂmo.oi_i.o Jero [600-[zg0-| ova
00T | L00 |L00— (8T0— | €00— |¥€0 810 |8T0 |g1o |9T0 |6T0 | g0~ | 107
ﬁoo.ﬂ To.o €10 | 020 |8TD J zgo |vzo lgzo 810 |60 |680~| ‘0%
?D.H € 10— _ g g0~ mm.olg €00 |EZ0—~ 600 |OFO [L00 |ego-— oy
001 “ 090 g 0710 080 |2T10 800 L¥0 (0290 rm. 70~ | O%EN
00T ;wm.o 9%0 |6€0 [ gio— |600 |Z2T0 | 1g0—{ 0D
’_oo.ﬁ e%0 | 8L0 s00— V0 ET0 | §T0— 03I
00T 280 |.T0 |€20 |€€0 | 0%0— | OUK
00T |gro— |S00— | 600 __ 10~ | O°d
. 00T (%10 !Z€0 ' 8§T0— | £0%og
00T | TE0 Twol L0V
00T _ 9%0— | Ol
F _ t01§
ozd 107 | $Q%d L .01 0%=N 0®d 03N _ oUW 024 tQ%ag | EQiLY ﬁno@ ﬁnoﬂm
3USID[44800 UOIIBSII0D O  X|Jiew Ol-beiqel







Correlation holds also between MgO and FeO with which geochemically similar
behaviors are expected as the components of roeks.

About the components which show negative correlation, the leaching tendency
of NagO for increase in $iOq (silicification), ete., is shown.

After standar’dlzmg the value of each component, principal component analyses
were carried out. The results are shown in Table 4-11.

According to this table, the maximum elgenvalue is 3.66, which is the square
sum of the first factor loadmg, so a 28% of the whole can be explained with this first
factor, When caleulated in the same way for the second and the third factors, 19% and
12% are determined and 11%, for the fourth eigenvalue. Therefore, a 71% of the
original data used for thlS analys1s can be explained with the first to fourth eigenvalues.

When the factor loadlng, which is regarded most important in this analysis, is
observed, Z) is characterized by negative correlation of 8109 with other components.
It shows that when Si09 is inereased by silicification, other components have strong
tendency to decrease relatively.

- 'Generally, silicification includes two types, one is to add silica and the other is
that relative increase in siliea oceurs as a result of leaching of eomponents other than
silica.. In the survey area, the former case is supported from the results of prinecipal
component analysis and the field oceurrence.

Zs is characterized by the non-correlation of the petrological basic elements
such as FeQ, MgO and Ca0O with K90, Al90O4 and BaO.

K90, which is most highly correlated with Zsg, shows, in the ease of Kuroko type
alteration, a tendency of remarkable increase with the progress of the alteration; and
has character to assume a. opposite behavior with NagO. Therefore, negative
correlation can be -expected,  but this principal component analysis showed non-
correlation merely between NagO and K90.

About Zg, the high correlation {0.75) with NagO is noticeable. It ean be ranked
as the principal component for explaining the behaviors of NagO which reacts most
sensitively for hydrotherinal alteration.

About the prlnclpal components from 74 and lower, positive correlation of
medium order of Z4 with TiOg and P05, about Zs, negative correlation of medium
order with LOI, about Zg, positive correlation of medium order with FeqOg are only
noticed, and it is difficult to give. petrologlcal meaning.

For alteration, the distribution of each sample in the two-dimensional space due
{0 the second and the third factor scores, to which atkali and alkaline earth elements
most sensitive to alteration seem to contribute greatly, was investigated (Fig. 4-12).

Especially, attention was paid to the mutual distribution relation resulting from
difference in the geological units of sampling sites. The geological units are as follows.

A: Hanging wall dacite (Kdeg, La America-Descubridora Area)
B : Hanging wall decite (Kdeg, E1 Rubi Area)
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C: I-stage dacite (Tdep)
D: HI-stage dacites (Tdeg), ete.

~ E: Ove horizon pyroclasties (Koh)
F : Foot wall dacite (Kdey)

Accordmg to these unit, the distribution areas of D group and E group are

separated not overlapping with each other. With the seeond principal component, while

. the former is characterized with a negative value, a greater part of the latter have
positive scores, so that the two can be distinguished clearly from each other.

A, B, and C groups are distributed in the zone between D and E groups
overlapping w1th each other, and it is difficult to distinguish them clearly based on the
scores of respective factor scores. Especially, A and C groups overlap with each other
‘greatly and they can be said to have similar character in the distribution of two scores.

The foot wall dacite (Kde 1) is distributed over a wide area in the figure and its
characteristics cannot be specified.

As mentioned above, the behaviors of D group differ too greatly to regard it as
a rock related with a Kuroko deposit positively. As C group shows behaviors similar to
those of A and B groups, which are regarded as Kuroko deposit related rocks in this
method, it is difficult to coneclude the kind of roek of D group.

4-2-4 Cluster Analysis

For the purpose of distinguishing rocks related with Kuroko type deposits from
those not related or checking for the p0551b111ty of dividing each rock group into finer
groups, the cluster analysis was earrled out using the resulis of the prineipal eomponent
analysis. The cluster ana1y31s is a method to elassify samples into clusters of similar
geoehemmal characteristics in this case based on a certain criterion. The criterion
used in this survey is the degree of the nearest neighbor in Euclidean distance from the
origin of a six-dimensional space with the six components as axes usmg the first to the
sixth ecomponent scores. The results of cluster analysis are shown in Fig. 4-13 in a
dendrogram. By this diagram, the relationship between cach sample and a cluster can
be found. The alphabet before a number shows the geological unite (see previous
section) from which the sample originated.

_ At first, 102 samples were classified into ten clusters and it was checked how
the samples divided into six groups according to their collection sites were classified
into the ten clusters. As a result, features were found in some clusters. The details of
the clusters, which were judged to be important, are as follows.

 Cluster 2: This cluster includes a group of 19 samples and all of these members
are the samples related with Kuroko type deposits. Espema]ly the seven samples of 14
~samples collected in the pyroclastics of ore horizon in La America-Descubridora area
“are included. Therefore, it can be thought that the chemical component of roek which
~is closely related with Kuroko type deposits shows the average component of this
cluster. Accordingly, the average chemical components of main clusters were
compared (Table 4-12, Fig. 4-14).
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_ According to the result of comparison, this cluster has the features as follows
compared with other clusters and the average of the whole rock.

(1) Relatively poor in Aly03, FegO3, K90 and BaO
(2) Relatively rich in =M'go Ca0 and LOI

From the faet that the samples’ composmg this cluster is the group most elosely related
with Kuroko type deposits stratigraphiecally, increase in MgO and K90 and decrease in
CaO and Nag0 by the influence of alteration related with Kuroko type mineralization
were expected, buf only ‘the behavior of MgO conformed with this tendency. In other
components, " the change of component percentages accompanied by the general
alteration of Kuroko type deposits is not noticed. 'The above fact may be a feature of
the alteratlon of the Kuroko type deposits in this survey area.

_ Cluster 3: This cluster includes 29 samples ‘The feature of this cluster is that
samples related with Kuroko type deposits and which are unclear in their relation with
the deposits are included together and the hanging wall dacite {Kdeg) of La America-
Descubridora’ area’ is little included. Especlally, eleven of the 24 samples from the
hanging wall dacite (Kdeg) of El Rubi deposit are included. This means that, different
from the former, the latter oftén has chemical eomponents similar to those of the
saimples which are unclear in relationship with- Kuroko type deposits. The features of
this cluster in chemical ecomponents are as follows (Fig. 4-14).

(1) - Poor in TiOg, FeO, Mg0, P905 and LOL
(2) Rich in SiOq and NagO

The feature that they are rich in 8iOy seems to show that the samples in this eluster
were subjected to silicifieation, but on the other hand, decrease in NagO, which is
regarded most sensitive to hydrothermal alteration, is not noticed. It can be concluded
that this cluster is characterized mainly by silicification and that it is a group of a type
different from the alteration of Kuroko type deposite or which has received weak
alteration only.

~ Cluster 5:  This cluster is composed of the hanging wall dacite (Kdeg) of La
America—l)escubridora: area possibly related with Kuroko type deposits and dacites
which are unclear in relation with deposits. On the contrary to cluster 3, few samples
from the banging wall dacite (Kdes) of El Rubi deposit are included, It can be said that
‘the hanging wall dacite (Kdeg) of La America-Descubridora area and the hanging wall
dacite (Kdeg) of El Rubi dep031te are exclusive from each other in regard to the
chemical components of rocks.

The features of this clustér are as follows. |
(1) Poor in Sidz, Fe0Q, MnO, CaO and NaqO
(2) Richin Alg(}g, Feg03, K0, P50s, LOI and BaO

Among the four main clusters, this cluster is closest to the movement format of
eomponents caused by the general Kuroko type deposit alteration.



_ Espec1a11y, the relative. decrease in NagO and the relative increase in K9O are
noticeable. Relative increase in BaO, the main component of barite, which is a gangue
mineral of Kuroko type deposits, is also observed. However, the degree of relative
incresse in MgO is insufficient. to immediately conclude this cluster as a cluster
subjected to the Kuroko type alteratlon, but this cluster shows characteristies closest
to the Kuroko type alteration. : :

. Cluster 8; Nine samples of the twelve samples composing this cluster are those
of unelear relation and only three samples are those related with the Kuroko type
deposits (hangmg wall dacite Kdeg and ore horizon pyroclasties. Koh), This -cluster can
be ranked as that in which the samples of unclear relation dominate.

_ The features in cdmponenté ave as follows.
(1) Poor in SiOg |
(2) Rlch in TiOg and Fe203
Partlcularly notlceable behavmrs of components are not seen._ The degree of alteratlon
is judged to be weak. In addition to the above, there are clusters 1, 4, 6, 7, 9 and 10,
but they are all the groups. composed of a few samples and }udged to give httle

influence upon grasping the characteristies of all the samples. Enghty percent samples
are included in the above four main clusters. .

Tablé 4—12 Average Chemical Composition of Principal Clusters

s gt Cluster Average o%
Composition ) 2 . 2 all '_rbc'k
S sioe | 7748 7970 | 7630 | 7631 | 7840
T10s 013 010 [ 013 | o026 03
Al30s 9.74 1036 | 1171 | 1073 | 986
FoaOs 055 083 | 122 172 0.84
reo | 132 032 0.31 ' -¢5z 049
MnO 0.03 00z | 001 0.03 002
Mg 128 013 0.23 034 030
Ca0 0.45 014 | 002 | o0zo 0.12
Naz 0 193 2.32 056 217 | 1.44
Ki0 145 375 - ide | 407 2.6 6
PiOs 0.02 002 019 | ops :' .uoz,
LOI 225 111 2.49 1.51 1.61
BaO 0.0 9 0.13 0.14 0.11 0.09
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Similarly to the prineipal component analysis, it was unable to define a cluster

to which the foot wall dacite (Kde)} belongs.

Four main clusters were investigated as above. Although it is difficult to make

clear distinction among them from their chemical components, the following evalua-
tions can be given,

(1

(2)

(3)

{4)

Although a few samples from the hanging wall dacite (Kdeg) of La America~
Descubridora area are distributed into each eluster, the characteristies in
components of the cluster 5 which includes the greatest number of samples
from the dacite are closest to the behaviors of the chemical components shown
by Kuroko type alteration among these four main clusters. Also about the state
of formation of altered minerals in this hanging wall dacite (Kdeg), the
formation of sericite and chlorite over the widest area compared with other

* areas in this survey area was confirmed by X-ray diffractometrical study,

therefore, the characteristics are closest to he Kuroko type alteration also in
this point. Therefore, it can be concluded that this area is that of the strongest
Kuroko type alteration.

The samples from the hanging wall dacite (Kdeg) of El Rubi deposit are also
distributed to each cluster, but in the characteristies of the chemieal composi-
tion of cluster 3, to which these samples concentrate most, relative decrease in
Nag0, was not noticed as mentioned above, therefore, this cluster shows
different features from those of Kuroko type alteration. It can be concluded
that the alteration suffered by this eluster was generally weak.

Most of the ore horizon pyroclastics (Koh) of La America-Descubridora areq are
supposed to have received the Kuroko type alteration from their positional
relation with known deposits, but the chemieal component behaviors of cluster

2, to which the samples from these rocks concentrate most, seem to be
con31derab1y different in alteration type from the hangmg wall damte {Kdeg)
which covers these pyroclastlcs

About the samples from the areas whlch have no clear relation with Kuroko
type deposits, there are few of these samples distributed to eluster 5 whose
chardeteristics are most similar to. those of the Kuroko type alteration. On the
contrary, these samples tend to coneentrate into cluster 3, whieh is thought to
be of different type. Therefore, these dacites (Tdey and Tdeg) do not have
sufficient positive evidenee to judge them as rocks related with Kuroko type
deposits.

- 61 —






CHAPTER 5 GEOPHYSICAL SURVEY






CHAPTER 5 GEOPHYSICAL SURVEY

5-1 Survey Method
5-1-1 Measuring Method

The CSAMT (Controlled-Source Audio Magnetotelluric) method determines the
underground resistivity distribution by transmitting audio frequeney current through the
grounded dipole and measuring the electric field (E), parallel to the transmitter blpole,
and the magnetie fietd (H), perpendmular to the electmc field.

The development of '@ CSAMT measurement system (transmitter system and
receiver system) is shown in Fig. 5-1. The transmitted current frequencies are 4096,
2048 1024, 512 256, 128, 64 32,16, 8 and 4Hz (eleven in total)

Signals from both ‘electrieal and magnehc fields are processed by a GDP-12
recelver, whlch outputs the following:

(1)  Apparent resistivity (0a}

(2) Phase difference between clectric and magnetic fields  (PD)

/ Transmitter

Transmiifar———-j~ ] -t Molor~ Generator
Controller : :
' I
L | s ‘
- Large Tronsmitier Dipole
(Usually 1500 meters or more)
o 4 ’ \‘\
&0 _
/ Near field AN
7 AN
\ / 33
//.
s~ epP-i2
7 74_
7 .
/ -1~ Cossefts/ N
V4 1 Printer N
7 ' {1t desired) \
// ~Ey ~
/7 0 Hx \Measurament orientations \\
. . \
Ferrite coll magnaetic fleld anlenna Far fieid N

o N\
Grounded dipole for electric fisld measurement . : \\

Fig. 5-1 Logistics of a CSAMT Measuring System



As shown in Fig. 5-1, the distance between the transmitter system and receiver
system should be three times or more the skin depth, and then at the receiving point an
assumption of plane electromagnetic waves is considered to be approx1mately valid (36
usually 5 to 10 km).

The skin depth is given by the following equat:on.

5 m503f—

§: skin'depth {m)
p: resistivity (@ -m)
f:_ frequency

(5-1) |

‘where

‘Using equation (5-1), the relationship among skin depth, frequency and resis-
tmty for a semi-infinite homogeneous medium is shown in Table 5-1. As cleary shown
in table 5-1, skin depth increases with lower transmitting. frequencles and higher
resistivity of the medium. Consequently; the higher the pesistivity is, the stronger the
effect of near field becomes, thus the range of near-field data shifts from the lower
frequency side to the higher frequency side.

Table 5-1 SKIN DEPTH (Meter)
Remark: Skin Depth (m) = 503 xJo /T

RESISTIVITY IN OHM-METERS

Remark

! Skin Depth (m) =50 3XvoF

RESISTIVITY IN OHM—METERS

516 20 40 80 160 320 640 1,280 . 2560

i He ‘.' | | | ' He
2048 25 35 50 70 99 141 199 281 .338 562 2048
1,024 35 50 70’///99 141 1997 281 308 562'///195 1,024
512 50 10’///99 141 199'//;31 398 562 795 L124 512

o 256 70 99 141 199 281 398 562 795 1124 1591 256
G128 99 141 1997 281 3908 5627 795 L124 1591 2249 128
§ 64 141 1e8” 281 398 562 795 l124 1,501 2249 3181 64
L 82 199 281 398 5627 705 1124 1,591 2249 3181 4499 32
16 281 398 5627 795 L124 1587 2249 3181 4499 6362. 16

8 398 562° 795 1124 1591 2249 3181 94,499 6362 8298 8

4 562 795 1,124 1,581 2249 3181 4493 6362 12,725 4

8,998



Since this area generally has higher resistivity and there was a possibility of
having much effect of near field, the current electrode system was kept more than 8
- km away from the measuring area.

As shown in Fig. 5-2, Transmitter bipole No.l and No.2 were installed in the
north-eastward of the survey area. .

The co-ordinates of the electrode systems and so on are shown in Table 5-2.

Table 5-2 Data of Transmitter Bipole

No.l No.2
X Y X Y
Coordinates
10,675 | 32,212 | 8,412 37,975
12,025 32,622 10,262 37,250
Distance beiween electrodes - 1,670 m 1,990 m
Direction .
True worth N550W N69OW
Magnetic north N65°W N79OW

Corresponding survey stations | 1t 4,7 to 187 5 to 6, 188 to 377

Number of survey stations 185 192

Fig. 5-2 Loeation Map of CSAMT Survey Stations

Many iron lods were used for current eleetrodes so that the total resistance of
the current electrode system was less than 30 2. In addition, to improve S/N ration, the
fransmitter was used in the transmitting current range 2 to 17A (mean 10 A) and in an
output range of less than 9.0 kW (max.)

Measurement was made at receiving points about more than 60 m away from
conductive objects such as automobiles and about more than 100 m away from power
line to avoid their interference, The layout of the receiver system is shown in Fig. 5-3.
To measure electrie fields, three copper-copper sulphate electrodes were grounded in
paralle]l to the transmitter bipole and 25 m away from each other. On the other hand,
to measure magnetic field, a high sensivtivity ferrite coil antenna was installed more
than 9 m away from, and perpendicular to, the center of the electrie field dipole

(potential electrodes).

Fig. 5-4 shows an example log-resistivity vs. log-frequency plot which plots
frequency on X-axis and apparent resistivity on Y-axis logarithmiecally.
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Fig. 5-3 Receiver Arrangement
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To study the correspondence between the results of CSAMT survey and geology,
17 roek and ore samples in total, which represent geology in survey area, were
collected, After all these samples had been formed into nearly rectangular prisms,
their resistivity was measured in a wet state by the measurement system shown in Fig.
5-5. The values of resistivity were caleulated by the following equation:

P = (V/D) * /1) ervvrrsennnsssenerens (5-2)
- - Holder
r—l | weight o
. TN S
Filter paper - C T T 1
. 7 e
Rack or Ore ) :fa
Sample : ’ I
. I 1
o . I i
- S . pp—-L-—_.__;_J‘ :
= |
Filtter poper’ .@o—c ———_—u__—_J

(I ' ]

Tronsmilter
Receiver
EI Ampere meter

Fig. 5-5 Bloek Diagram of Laboratory Measurement

where  p: resistivity { 9-m)
V: potential difference 1\
I: eurrent (A)
S: cross-sectional area (m?2)
- 1t length ' (m)



5-1-2  Instruments Used.

Table 5-3 shows equipment, tools and materials which were used in'ﬁ'\é{isure-"
ment. : '

§-2 Data Processing and Analysis
5-2-1 Data Processing

The intensity and absolute phases of electric and magnetic fields are measured
by the GDP-12 receiver, potential dipole and coil antenna, and then the apparaent
resmtmty and the phase difference between the eleetrie and magnetic flelds caleilated
by the microprocessor in the receiver, are dlsplayed

Next, all data used in measurement and- caleulation and the results of
celeulation are printed by the CAP-12 easette printer. To . calceulate apparent
resistivity, the following Cagniard's equation (1953), being used in the ordinary MT
method, is used.

pa = |Ex/Hy|?2 (2nfu) ................... creneses (5-3)

where = Ex: electrie field (V/m), Hy = magnet:c field (A Turn/m)
f: frequency (Hz), n: permeability in vacuum
(4 x 107TH/m)

Hence, equation (5-3) becomes as follows:
Oa = 1.267 x 105/f « |Ex/Hy|2 wceervrverns (5-4)

For measuring units, (mV/km) and (Gamma) were used for electrie and magnetic
fields respectively. Therefore, the following equation (5-5) was used to calculate
apparent resistivity.

In the Measured Data Lists attached to Apx. 10, mean values of E, H, RHO and
PD for each frequency are listed. Since these values are used for the succeedmg data
processing and analysis after that, the values of apparent resistivity (RHO) in the Apx.
10 are shghtly different from apparent remsttwty values obtamed from equation (5-5)
using E and H in the Apx 10. .

With these values of RHO, a plan of apparent remstmty was drawri for each
frequency, but data of 4.096 Hz was excluded from data processing and analysis after
that, from the judgment that the data mcludes mueh noise,

For apparent resistivity pseudo-sections, the followmg‘ four sections were
selected: A-A!, B-B', C-C' and D-D'. In this case they pass through major apparent
rasistivity anomahes and both A-A' and B-B' sections run nearly parallel to the
geological structure of this area, while both C-C' and D-D' cross their dlI'eCthI'l nearly

af right angles

—~ 66 —



Table 5-3 CSAMT Survey Instruments

Diameter: 0,3 mm

System Equipment Specification Number
Zonge, Inc, Output Voltages 400 v~ 800 V
Model GGIT-25 Qutput Current: 0,2 A 25 A (9.0 kW)
Transmitter Qutput Ware Form: Rectangular
Output Carrent Frequency: 1
4 Hz v~ 4096 Hz
Weight: 113 kg
Model XMT-12 Controle Current Frequency:
Transmitter | Transmitter 4 Hz v 4096 Hz
System Contyroler Weight: 5.8 kg 1
Power Source: 12 V Battery
Model VR-1 Weight: 3.7 kg
Voltage Regurator t
Model ZMG-10 Maximum output Power: 10 KW
Engine~Generator Frequency: 400 Hz
Rating Voltage: 115 ¥ 1
Engine: 23 Hp, 2 Clinder,
Aircooling
Model GDP-12 Input Signal: 2 channels
Receiver _AMT  Receiving Frequency:
4 « 4096 Hz (11 kinds)
Receiving Voltage Sensitivity: 1
0.2 uv
Weight: 15 kg
Power Source: 12 V Battery
Receiver -
System Model CAP-12 Wedight: 6.2 kg
‘Mini Casset Power Source: 12 V Battery 1
Recorder
Techtronics Input Signal: 2 channels
Model 212 1
Oscilloscope Power Source: 12 V Battery
AMT Antena Weight: 9.8 kg
Power Socurce: 9 V Transister 1
Battery
Current Electrode Iron Rod: #16 mm, Length 80 cm 200
Electrode . _
Potential Electrode | Saturated Copper Sulphate Solution 10
Non-Polarized Electrode
|Wire Fujikura Electric VSF x 1,25 mm? Vinyl Wire 1000 m
Kyosan Electric Gy x 3.5 e Vinyl Wire 6000 m
Chiba Electronics Output Current: 1 pA n 20 mA
Institute Output Wave Form: Rectangular 1
Model CH-8108A Qutput Current Frequency: 0.3 Hz, 3Hz
Sample IP Transmitter
zasurement . -
System Chiba Electronics Receiving Voltage: 1L mV ~ 10 V 1
Institute
Model CH-8104R
IP Receiver
Platinum Electrode Platinum Wire 4







. In sections, appar‘ent resistivity values on survey stations near sectional lines
were plotted in a high to low frequency order to draw contour lines as drawn in the plan
of apparent resistivity. Apparent resistivity values show the mean resistivity values
down to skin depths. Since skin depth is a funetion of apparent resistivity and
frequeney as shown in equation {(5-1). Fregueney (Y-axis) does not correspond skin
depth directly. T_hese apparent resistivity pseudo~sections show the outline of vertical
resistivity distribution underground.

5-2-2 Analytical Method

.+ A simulation technique, curve-matching method, was used for analysis. In this
technique, measured values are plotted on the display of a personal computer, and then
a log-resistivity vs. log-frequency plot calculated for an arbitrary, resistivity multi-
layered model is superposed on the display. Next, this model is corrected so that it
approximates the actual CBAMT curves drawn from measured values. An example is
shown 1n Fig. 5-6.

$tation Hy.53 ~———Station A4

_ i8E0E §
(& mJ :‘% ; Rﬂt‘ . 1ept”
* : (ot Y]
¥ Ist layer 1 ig%.BE  4gh
¥ l 2nd layer 5  3gp.p g [~ Leyred moded
1888 & (w4 3rd layer 3 TBR.ER  THE
-k Ay l 4ch layer 4 5BEE.BE
Pa [ %Fﬁw F o omes L
I e o W 14 N
1Bk - iz s, B
iz 18, G8
i1 :, B8
i& 3, B8
=] 111,80
ig 3 : 8 TELE
E 4 4 JBE- :
L & oo.B8 1 i
H . S 49B85.4B  158a.32
. _ Mo Ny— £0-m1
5 &6 7 8 9 1g 41 17 1z 14 X Measured value Calenlated value
i * . Catlculated curve
o ) - o . : Measured value
Fig.5—6 Log—Resistivity versus ‘Log— frequency Plot ' (Q-m]
With Calculated Curve ' ’
Remark !

. - - w »
“§” in transversal axis is frequency #5.  f  values correspond te

frequency as followings.

Fréﬁuency-jf&. Ffequéncy"(}lz) | Frequency /4 Freque'm.:y (Hz) . .
14 2048 9 64
13 1024 8 32
12 : 516 7 16
11 256 6 8
5 4

10 128

~ 67 -



The resistivity ecaleulation method for layered model used for the above
simulation is as follows: - '

The surface impedance (Z(0)) of the {n+1) the layeres, for a layered structure
with resistivity values of respective layers pj, 02, s+ ps pn+1 and depth of respective

layers 71, Zg, vy Zy i8 shown by the following equation.
_ Ex . 1t (Ao'-+ Bo) 56
Z(O) "“‘H_y 2=0 60 (AO——" BO) 'll!\l‘nts.v..!l!!‘l!;l‘l.OAOCO.‘( )

where
Af) + Bp = Ay + By

09 (Ag — Bo) = 8 (Ay + By) S
o (Ag 0) 1 (A 1 (5-7)

Aj exp (- 95 Zj) + Bj exp (0 341 Zj) | 1
= Ayl exp (- 0311 Zj) + Bir1 exp (6311 Z3)
65 [Ay exp (- 85 Z§) - Bj exp (84 Z3) : b (5-8)
= 8441 [Agq exp (- 0341 Z3) - By exp (@341 Z3)
(j=l, 2, s a n) J
An = %-}—G—H exp [~(Bnt2 =~ On) Zn}
_ {5-9)
Rn = enﬂé—sﬁﬂgﬁ exp [~(fatl - 6n) Znl

Where the cgs+emu unit system is used and shows the number of waves.

o5 = (HI? (G=1,2, ccoo )
J .
w =2nf

On the one hand, since 1 mV/km = 1 emu, 1 2-m = 10** emu, and 1 y= 1079
emu, the apparent resistivity equation (5-5) can be represented in the cgsremu unit
system as follows: _
p a =‘%IZ(0)l2 (emU) _ wewrasss TR P Y TR YT NPT ) sEsenn (5"10)

Accordingly, apparent resistivity (0a) can be determined from equations (5-6)} to
(5-10), and the equation for caleulating pa in & -m unit becomes as follows:

pa=2/1-]2@)2710"  (2-M) coerrrrrrrenrerrernens . (5-11)

In consideration of the resistivity layered model, results obtained from Bostie
Inversion were referred to.



The pa-f curves frequently show three zones, far-field (F), transition-zone (T)
and near-field (N) as seen in Fig. 5-7, Near-field data shows a straight line with
approximately -45° gradient on the low frequency side of Log-Resistivity versus Log-

Frequeney Plot,

4 B 16 32 64 128 256 512102 2048 HHD)

Fa

{N) (T {F)

Fig. 5-7 Typical CSAMT Log-Resistivity versus Log-Frequency Plot

(F): far-field data
(T): transition-zone
(N): near-field data

The dashed line gives the Calculated Curve
(Zonge, Ine, Interpretation Guide for CSAMT Data, 1982)

For reference the features of pa-f curve of the two-layered structure model
are shown in Fig. 5-8. In the figure, the curves show transition-zones as well as neap—
field zones when the second layer is of high resistivity.

~Thus, in this analysis, a model having high resistivity at the lowest layer was
assumed for simulation of data including near-field and transition zones. In addition,

curve mafching was carried out so that caleulated curves passed the upper part of
transition zones and lower part of near-field zones as shown in Fig. 5-7.
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Fig. 5-8 Representative Families of Curves for Various Depth to the Bottom of

the First Layer and Various Ranges

01,09 resistivity of the first and second layers respectively.
£1 =100 @-m

R:
D:

distance between Tx bipole and receiver point
thicikness of the first layer

(Goldstein & Strangway, 1975)
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Vamous plans of. resxstl\nty structure was produced based. on the layered
resistivity model for each survey station obtained from simulation. These plans show
the underground resistivity structure at the depths of 100 m, 200 m, 400 m and 800 m
below the surface of each survey station.

In. the structural 're51st1v1ty section, the same cross-sectional- lines as in an
apparent resistivity section are used, and the layered resistivity model obtained from
simulation analysis is plotted with the depths from the ground surface. . In addition, it
shows the underground resistivity structure expressed by connecting layered models,
each having similar values of resistivity.

For each section such as A-A', B-B', C-C* and D-D', the apparent resistivity,
resistivity strueture and geological sections were arranged respectively.

5-3 Survey Results and Interpretation
5-3-1 Survey Results |

The ‘measur'e'_d data 'l_i'sts' ~and thé tabié of éomp'arison beiween resistivity
anomaly and geology are shown in Apx. 10 and 11 respectively.

(1) Plans of Apparent Resistivity

Plans of apparent resistivity are shown in Pls. 9 to 19'(1/25,000) and Figs. 5-9 to
5-12, and a geologleal map of geophysical survey area in Pig. 5-13. ‘Since Fig.
5-9 (2 048 Hz) is considered:to be suited to obtain information of upper layers,
apparent resistivity anomaly zones are shown in the figure by symbols. In other
words, apparent resistivity 1ow anomaly zones are shown by L1 to L22, while
apparent resistivity high anomaly zones by H1 to H15. ‘The apparent resistivity
anormaly is Cl&SSIfled into the fo]_lowmg Zones:

Apparent_ resxst1v1_ty low anorn_aly zone - Less than 200 2 -m
(hereinafter called low anomaly zone - LAZ) '

Apparent 'resisfivity medium anomaly zone 200 to 2,000 £ -m
- {MAZ)
~ Apparent resistivity high anomaly zone (HHAZ) = More than 2,000 € -m

" The distribution 'o_f apparent resistivity is eharacterized as follows:

. LAZs are distributed in' the east to southwest of the area and around La
America - Descubridora tunnels and EL Rubi tunnel.

. HAZs are distributéd in the north to northwest of the area.

. In the central part of the area, MAZS or HAZs are mamly distributed, LAZs
being of small scale. : ,



The survey area is divided into the followmg four parts: east, south, central -
~and north, Features of anomaly zones in each parts are descrlbed below
respectively. . .

In the east part of the area, many LAZs such as L? to L12, L20 and L2] are
distributed. They decline with lower frequency and are d1str1buted in the low
and flat ground of the topography. These LAZs are found on the Quaternary
{Q) and the Tertiary sandstone formation (’I‘ssl) distributed in the southern
highlands.

. In the south part of the area, L1 to L6 (LAZs) are dlstmbuted as if they
surrounded H2 (MAZ/HAZ). ‘While L2 to L6 shift to liigh, resistivity gradually
with lower frequency, L1 teénds to be distributed in a wide range. H2 is
distributed nearly from east to west, and in the depth it is further separated
into two parts. One runs from east to west, the other surrounded L5.. L2
(MAZ or HAZ), is distributed harmoniously with ‘the hanging wall dacite
(Kdeg) and tuff (Koh), and La America and Descubriaora, known deposits, are
located in the north and west edges of L2 respectively. L1, L4 and L5 and’
distributed in the direction of northeast like a belt, along the ‘west to north
sides of H2. Both L2 and L3 are distributed in the south and east edges of H2
respectively and in their ground surface sandstone formatlon (’I‘ssl) are
distributed.

. There is'no LAZ of large-scale in the central pa'rt of the area. Both L15 and
1,22 (LAZs) are of very small scale. L13 (LAZ) is located in the border of

“sandstone formation (Tssy) and andesite intrusive (Ad)) that are distributed in
the Cerro El Pintor mountain mass. L15 (LAZ) is of small-segle but combines
with L19 (LAZ) in the depth

. In the northern part of the area, H15 (HAZ) on ‘the north side of the EI Rubi
tunnel and H12 (HAZ) in the vieinity of Tolédo are ‘¢onspicuous. H15 (HAZ)
shows the highest apparent resistivity within the survey areda, and combines
H1l to H14 (HAZs) in the depth. H15 corresponds suitably with granophyre
(Gph) distributed in the ground surface. The hanging wall dacite (Kdcgp) and
foot wall dacite (Kde ) of the El Rubi deposit are distributed on the south
edge of H15. Each of L16 to L19 (LAZs) are found on the edge of H15 (HAZ).
L16 shows a medium resistivity value of under 500 2-m on the. plan of
apparent resistivity for 2,048 Heg, but it is found as » smail-scale LAZ with a
resistivity value of under 200 2-m on the plan of apparent ‘resistivity for
512 Hz. L18 (LAZ) is an anomaly in the shallow which extends from the
Ocotitlan tunnel and its vicinity to the southwest. L19 (LAZ) extends down
o the depth where it is connected to 115 (LAZ) like a belt,
* L19 and the andesite mtruswe (ad;) have the same direction.

Observing plans of apparent resistivity in terms of dlStI’lbUtIOﬂ scales,
extension down to the depth and geology, noteworthy LAZs from the
viewpoint of mineral exploration are probably L1, L2, L4 and LS in the
vicinity of the La America - Descubridora deposit, and 1,16 and L18 in the
vieinity of the El Rubi deposit. :
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