Chapter S Gravity Strvey

5-1 Suncy Pdulh()d

~The flow chart of gravity surv ey is shown in Flgure 5 IR
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$-1-1 Ficld Survey
1, Gravity nicasurements

Grawly measurement was carried out at 265 stations in an arca of about 170 km

the s[atmns are shown in Figure 5-2.

. The localions of -

Two sets of LaCostc G gravily meters were uscd for field measurcnients. The speuﬁcahons of the

LaCoste gravimeters used arc as follows.

Gravity meter No.

Ga78

G365

~ Feb. 1968

“Year of manufacture

 Mar, 1974

~ Operating range 0 ~ 7,344.88 mgal 0~ 7,447.81 mgal
Act‘:iﬁacy o 0.02 ingal -
- Size L w1_47{-[5 X 20 cm ¢ i
Weight 86kg .

~ Power source 12 V baltery i )

Manufacturer

LaCostc & Romberg (USA)

A pravity basc slalmn(No 1000) was established in the central part

of Espiye, where the survey base

- was layed. The detailed location of the base stations are shown logeﬂler with a photograph in the Annex.
The gravily value of the base station was detenmined by measuring the gravity dilfecences between the
base station and two MTA gravily stations(No.187 and No.193) located ncar Espiye. The results of

-hicasurements are shoivn beloiv,

Y M D:1995/10/11 LACOSTE G- 365
N0 TIME READING INST. % FACT. ETCOR
H COR
1oy C¥  MGAL MGAL ¥GAL  NGAL
1000 8 27 3809.021 27.0 4052.774 -.068 0.083 4052.789 6.000
187 13 15 3792.890 25.0 4035.601 -.007 0.077 4035.671 0.012
1000 16 33 3809.004 27.0 4052.756 -.071 0.083 4052.768 0.021

INST. + COR B

Y M D:1995/10/12 LACOSTE G- 365 :

1000 8 9 3808982 27.0 4052.732 -.066 0.083 4052.749 0.000
193 12 23 3718.714 26.0 3956.633 -.017 0.080 3956.696 0.010
1000 15 59 3808.952 27.0 4052.700 -.052 0,083 4052.731 0.018
MTA-187: 980 272.546 mgal

MTA-193: 980 272.423 mgal

Gravity value of No.1000 <average> 980 272.4835 mgal

NG TIME READING INST. % FACT. ETCOR INST + COR  DRIFT GRVTY = GRAVITY
H _ o COR COR DIF.  VALUE
T M CN MGAL - MGAL - NGAL NGAL  MGAL YGAL ONGAL

GRAVITY
VALUE
HGAL

GRYTY
COR DIF.
MGAL MGAL
17.106 980272546
- 0.000 980255.440
17.106 980272.546

RIFT

96.043 980272.423
0.000 930176.380
96.043 980272.423

2. Leveling
The elevation of the slations was determined by GPS (Global Posil

ioning System) static survey which

uses the signals from artificial satellites, There are two methods, single and referencial positionings, with
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GPS survey and the referencial positioning ,which is more precise than the former, was employed in this
survey. This method defermines  the eelative  positions, dx, dy and dz, between tlic measuring point and
the basc station by receiving the satellite signals sinmltmlcously.:By this relative positioning, accuracy of
several centimeters can be obtained by one hour obscrvation and of less thm"sc';'cral tens centimeters by
20 lo 30 minutes observation. Three sets of 40008ST GPS sury c)crs (Trimble - Navigation Ltd.) were used
for the obscrvations.

The GPS base station was established on the roof of a five-storied building in the central part of
Espiye. The clevalion of the GPS base stations was determined by a relative positioning with Imam Tepe

Triangulation point, whose elevation is 476 meters above sca level.

3. Rock sampling , .

Rock samples for- dénsity ‘nicasurements were collectsd throughout the survey arca with duc
consideration to the siratigraphy, lithology arid other relevant factors. The number of collected sainples
amounted to 112 and the nuniber of the nearest gravity station was given 1o éach sample.

5-1-2  Data Processing
1. Caleulation of gravity values
In order to calculate the gravity values from the gravity meter teadings, "milligal conversion”, “tidal
correclion”, "msuument height correction” and “drfl correction” were carried out.
a. Milligal conversion J. :
~ This process converls the dial readin?;s to milligal value. In the casc of LaCostc gravimeters, the scale
- constant slightly changcs with the stretching of the spring Therefore, this™ conversion is carried out
usmg the milligal constant(K) and scale constant( £ ) dcsu;nalcd for every 100 units of the readmg_
‘ valm, The basic cqnauon for lhe conv crsmn is as follows, _ _ _
Ve=K+(R-Ro )Xk . | AR 5 )
Vr: M_casurcd.value in miltigal L | ' | '
R: Grévity meler reading
“Rs": Under 100 oinified from R

b.Tidal correction
The observed gravity values vary pc,rmdically within the range of 0.2 mgal becau& of lhc l‘ollowmg
two faclors The correction for these variations is the tidal com.cllon
1) Ponod:c varlauon by tidat force. o
2) Deformation of the carth by the tidal force(earth tide).
Tidal force is 'e'xpre'ss'od by cquation(5-2). . _ ‘
UE-%- ' G- Ma [3 Gsin ® 5-f—) (Sln ¢———)+sm2 5 sm'.! é + cos O

+cos’d ¢ costdrcos2 0} ' o : ' (5-2)
U : Tidat force of celestial body '
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G : Gravitational constant
M : Mass of celestial body {sun,moon clc.)

a : Distance from the center of the earth to the station {carth’s radius)
@ : Lalitude of the station

r : Distance bétweédn the earth and the celestial body

0 : Declination of the celestial body (angle from the cquater)

0 : Hour angle of the celestial body (angle between terrestial and

-celestial meridian plang)

- The tidal force of the sun and moon is
Caleshind Zenit

horth  pale ovcm:helmingly greater than that of other celestial

bodics. Therefore, the correction for these ' two
bodies will suffice for gravity prospecting.

The gravily variation caused by earth tide has
the same sense as that by the tidal force and (he
rate of change differs somewhat by the clasticity
of the rocks of the area, but it is in the order of
20 % of that causcd by tidal force. Therefore, in
nonmal tidal correction, the tidal force by the sun
and: moon is multiplied by 1.20 which is callcd
Tidal correction parameters the tidal constant,

- ¢. Instrument hc'ight cotrection _ _

This correction is inade in order to compensate for the difference of the height for leveling and gravity
measurciients. The correction is done by using the vertical normal gravity gradient on the surface of the
! 'cllipsoid of revolution(~0.3086 mgal/m) on cqualion(s.-3).

e L 2T
Vhi= *[?'hl 03086 hi (5-3)

V hi: lnsirumcnt hclght corrccllon value s . _.E_EL
" Normal gravily : . : l S :

bl

R Distasice from the ca_rth’s center
10 the station

hi : Hight from the leveled point on “m .
the carth’s surface to the top -

of the gravily mc{cr - _
Instrument height
d. Drint éomclion

The drift is the \armtton of readmg vahies of the gravimeter caused by the s{rclchmg of the' spring.
+ The value of the drifi is roughly proportional to time. The correction for this drift is dong by
time-proportional allotment of the closed error for each station. The variation of readings ar¢ caused not

only ‘b)" drifl, but also by the changes of temperature, atmosphernc pressure and mechanical shock during
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transportation, In practice, these changes are also corrected by this process.

¢. Calculation of gravity valucs
All corrections for measured gravity valucs ar expressed by cquation(5-4).
Ve=Vr+Vi+Vhi+Vd )
V ¢: Corrected gravity value
V (: Tidal coreection value -
V d: Drifl correction value
The corected gravily value Ve shows the refative value of gravity and not the absolute value of
gravity. The gravily value of cach station is calculated by obtaining the difference of the corrected
gravity - values between the sfation and the base station and then adding the gravity value of the base
station to this difference. The gravity value of the base slahon is obtained by separate méasurement

betwéen the base station and the reference station where the gravity value is known.

3. Gravily reduction
The process of caloulaling the Bouguer anomaly values is called (he gravily reduction and it consists
of “latitude correction”, "icrram correclion”, "atmaspheric correchon“ "free air correction™ and "Bouguer

correcilon

a. Latitude correction _ , .
This correclion is donc by sublracting the standard gravity of the carth from the gravily value. The -
sltandard grawl) is given as a function of the latitude and normal gravily of equation(5-3) is presenily
_used as thé standard gravily.
. .4 TEcos ¢|"b‘)’r sin ¢ : _ : _
A ;'Eo?s—"¢+b251n ¢ e _ - I .69
a: Equatona! rad:us of the ellipsoid of re&oluhon(ﬂ 378. lGOLm)
b  Polar radius of the cl[:psoxd of rev olutuon(G 356. ?75Lm) '
: Equatorial nonnal gravaly of the clllpsmd of rcvoluuon 1
(978.031 85/ gal) _
» : Polar normal gravity of the cllipsoid of r.cv'oluli:o'h(983.2l7 73 gal)

]

However, for practical gravity prospecting, the  followi g approximation is used. -
: 7 o= 978031, S‘i(l + 0.005278895 sin. ¢» -+ 0000023462 sin*g ) (mgal} R 1 (5-6) ;

b. Tcrram corcction : _ : -
Por the prescnl survey, the rangc of teerain corrcctron was sct for a radius of 60 krir and the arca was -

dw:dcd nto seven correclion ZONES as follous
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D:Near(2)

E:Near(3)

Terrain Correction Concept

F:Neighbour -

‘The topographic clevation mesh data were prepared by reading elevation in the IISG0,000 air
navigation n{ap for the Zones A and B and in the 1/25,000 topographic maps for the Zones C-E.
Hanmer’s chart was applied for the Zone F and a skeiched topographic profile of 20 ni radius from the

station was used for the cosrection of Zone G,

[tems of Terrain Correction

Zone | Range of correction

coireclion type

A |60km radius - Zone B 3(E-W) X 2(N-S) Far

OB RrEW) X IONS) | 4STEW) X 30°00S) | Medivn
C[$15@W) X PNS) | 11.25"(EW) 75'(NS) | Neall)
[)_ - ficl\\'céal Zone (-l‘ and [ B -l.;éir;a?;:dron _ o Near(2)

[ B {500 - 1,050m radivs | Cylindrical scctor Near(3)

F; 201:1_-5@6;1;%11& g; _l_l_z-mlmér’s chart _J*Neighbéuirﬂﬁ

-~ G |20m radius from station

¢’ Atmospheric corrcet'io;_l _

This is done in order to corcect the cffect of
the atm'osph(:rc to; gra‘vﬂy'nieasufcr_ncnt. The
i atmospheric prcssurb ‘wilt be in!egr'al'éd: o a
" imighl of 50k above the station using the
atmospheric  density  distribution
standard aunos;ﬁheric model, The correction

value decreascs exponeitially with altifude.  The

© variation of the correction valucs, however, can

be approximated by a lincar funclion for altitude
below 3 k! ‘And equation(3-7) is usuaily used

for this correction,
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S ga = 087 — 00965 X 10°*1] | (5-7)
& ga - Atmospheric correction{mgat)
" H : Elevation of the station{m)

d. Free air correction _
The veitical 'gravity gradient near the earth’s surface is -0.3086 mgal/m, and thus the gravity
decreases with height.  The free air correction corrccts the effect of clevation for cach station.
sar= "M o aes6 11 (5-8)
R
& g : Froe air correction value
7o : Nomhal gravity
R - Distance from (hé earth’s center to the slation
‘11 : Elevation from the geoid
The vatue defined by equation(5-9) is callcd the free air anomaly. -
Ngr=g—r.+E Fgr 0308 H : {5-9)
Agr : Free air anomaly '
g - Gravity value
2 0 g : Temrain correction value

e. Bouguer correctlion
" The differerice of the gravily valucs measured at different ‘elev atlons corrmponds to Ihc atiraction of
the malem](rocks) which exists between the elevations of the stations. Bouguer corrcciion clininates
- this difference by selting a “datum plane and climinating material between the datuni and a paraliel planc .
' passing through each slalion. Usually geoid is used as the datum. A homcgcneous circular slab is
assumed to ‘exist between the geoid and a parallel plang mcrudmg the station for the CCNTOCIIO!I: .
- equation(s- 10) The radnus of this s!ab :s  sct at 60 l\m lhc same as the range of tcrrain correction,
_00419,0(A+H «/_’HI) _ BRI 50y
s g 5 : Bouguer corfection value S S
"G : Gravilalional constant
£ : Densily(avarage rock dcnsxly between the geoid and earlh S surfacc)
A : Circular slab radius(60 Lm)(GO!\m)
H: Station clcvanon

f Bottguef anomaly values o :
 The values obtained by corrccung lhc granly valucs for lautudc lcrram a!mmphcrc ﬁcc air and
Bougucr ar¢ called the Bougu:.r anomalics and are expressed by eqmnon(S 11}
: f'Aggmg—ywzagwuw—0_0955>< 10> H+ 03086 11 . o
| 00419 p (A /AT R
"Ag s - Bouguer anomaly valuc
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The Bouguer anomaly is defined at the carth’s swrface and the value varics by the density used for
the Bouguer and terrain corrections.  Thus the Bougucr anomaly contains infonnation net only on the
density structure below the geoid but also the difference of the real and the assumed density uscd in
correclion for the rocks between the geoid and the surlace.

Tables of relevant data regarding this gravity survey arc altached in the Aj}pc;xdicc's. These data
inchude; location {coordinates and clevation) of stations, gravity values, various correction  valucs,
normal gravily valucs and Bouguer aiontalics, and Bouiguer anomalics for eight different assumed
densily.

g Calculation of surface densily and Bouguer anomaly with variable density

In a Bouguer gravity map with a single assumed density, there remains frequentty anomatics affected
by topographic relicf. For such case, a variable density corrsetion, in which assunied dcnsiiy'changcs
with the slations, is uscful. Surface density at cach station is oblained at first to carry out the variable
densily correction and then Bouguer anomaly valve is calculated by using the surface density for the
density of temmain and Bouguer correclions. Surface density in (his survey is compuled based on
Moribayashi’s method(1990) as follows. _

A gs(xy) =a:x’+azy’%asxzﬁa.:nyz+a=x’+asy2+arxy+aax+aoy

ta 0 + 40 (0.04191-T) (5-12)
- A g Bouguer anomaly with a cerfain assumed density at the station
. : with the co-ordinale [x,y) '
- H : Stalion elevation _ _
T : Total terrain correction value( p =1.00 g/em * )

~+ The first ten terms of the right side of the cquation(5-12) are ones for the third order polynom'ial
: apprbximalion to Bouguer anomalics caused by the subsurface density struclure. The last term stands for
~ the uncorrected valus which rentains due to the dtl‘f‘cmnce between the assumed and acluat densilies. The

calculation to deterniing all cocﬂlclcnls of the nghl s:dc of the formuta(5-12) is made by thc least cquarc
-mcthod using the station dala in the window mlh a stal:on to be ca!culated as the center and a radms of
several k. The surface densily i oblamcd b) adding the coemcmnt of the last temm to thc assumcd
.:'dens:ty cmploy ed in the calculation.. ‘ ' '

5.1.3 Analylical Methods
1. Deasity measureinent of rock samples

" The dms:t) of the Col fcclcd samplcs was calculaled h} the follomng formiila.

- Natural dry density = ——o—rmoe C 5-13
1.ur. ry iy = W T . L {5-13)
o W, L |
“Wet densily e ‘ ' : o - (5-14)
_ _ W, -\, o - o

W, : Weight in air of the sample lefl in a normal room condition for several days.
W, : Weight in air of the sample immersed in wafer for more than 24 hours
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under natwral atmospheric pressire and wiped on the cloth,
Ws : Weight in water after immersion under hatural atmospheric pressure
for mose than 24 hours. ‘

2, Gra\'il)' analysis
a. Trend-surface analysis
The purpose of a trend-surface analysis is (o isolate local anomalics from Bouguer gravity [catures.
The first step of this analysis is determining regional gravity trend by polynomial fitling . Polynomials
arg expressed as foHows:
* & first-order surface . _ . . :
Agn (xy)=ao + arx +aay . (5-15)

¢ a sceond-order surface
Aga(xy)= a0 +aix+ asy+ayx? + aaxy + asy’ (5-16)

* a n-th-order surface . :
.&8"(‘\',)?):30 ‘I'EIX"‘ 32y+a3x2+ ...... . .
tany” (5-17)

+ amaxy "

where  m=n(n+3)/2
Two kinds of data, gridded values of gravity ﬁcld 'md random valucs at the s(alaons localed at the
oulcrops of a special geology, are used to compute the cocflicnis of polynom!al CXpression by least
“square ‘method. In this survey, the ﬁrst order surface was compulcd for the regional gravity trend usmg
“the gridded data. ' '
In the second step of this analysis, the residual gravity is obtained by removing thc first-order surfacc

from Bouguer gravity field. The residual gravily shons local anomahcs which reflect the subsurfacc

o densily slmciures of the survey area.

b. Frequency analys:s (separauon of anomalles)
' Frcqueuc) analysis is used wrlh the objeclive of scpafahng the lougcr \»a\clmglh anomahcs caused by -
: dccp swlod sme{urcs and the shorter wavi elength anomalics causcd by shallow stmc(un,s ' '_
- The- grawl)l anomallcs A glx,y) over a roclangular arca with two sndcs of LiX L, can be cﬁxpan'dcd

‘in Fouricr scries as fo!lows
A g(n,y) = X L BA as €OS(M W \)cos(n @2¥) A B cosfn @i X)sin(n w2 )}

+ Cas sinfm @, x)r:os(n AP )) + D ma sm(m ) *()sm(n w2 y)} - (5-18) '

where 0<\SL10SySLz .
‘w.=2 i, wa =2 afla

m, i Wave number in x- and y-dircction respectively

: Founcr cocflicient An. can be calcuiatcd as
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4 .
A= T f § A g(xy)cos(n ws x)costn o ydxdy (5-19
Eanla L2 o
= 2 m=n=0
cyn=1,234 e

B o ,Chs and Dae are given in the same way.

There arc three kinds of filters of frequacy analysis; high-cul, low-cut and bénd-pas‘s filter, Long
wavelength anomalics can be oblained by using high-cut filler which removes the lenus with larger wave
number of cquation(5:18), since they consist of the terms with smaller wave number. Short wavelegth
anontalies, conversely, can be obtained by low-cut filicr.

FET(Fast Fourier Transfonm) was used in this survey for computation of filtering to preduce the long

and shost wavelength gravity maps .

¢. Two-dimensional analysis
The purpose of two-dimensional gravity analysis is to construct a tivo-dimensional model of the
“subsurface structure which would result in gravity anomalies approximating most closely those
measured in the arca.  The gravily anomalics of the model arc calculated by the following Talwani ¢t
al.(1959) cqualion.
cg=20GApX 7, _ (5-20)

cos O {tan 8 —tan ¢4 )

CZi= Aising, - cosgs (00— 0.4, +tand; log ~) (521

_ ‘ cosﬁ‘.n(tanﬂ.u-lanq& )
g : Calculated gravity anomaly
G : Gravilational constant . '

Ap D\,nsﬂ) contrast( DERS o)
— A I
r - 1
: q, T

Schcmallc l“o duncns;onal anat} sns b} Talwani's mclhod

thn the geologic stmclurc can be approxlmatccl by l\\o-la)crpd dClldll} modcl unique solution ¢an
be obtained by inversion mclhod designating a density contrast and a coitrol dcpth and then graduall)
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altering the shape of the density boundary (hus approximating the catculated values closer (o the measured
values. But, when the geologic structure is complicated, much time is nessesary to find the niost suifable
model because it st be approxiniated b) multi-layered density model and inversion ‘method is not
applicable to the multi-laycred model.

5-2 Results of the Survey
5-2- l._ Deasity Mceasorement _

The résults of densily measurement of 112 rock samples collected at the survey area aic listed in Table
5-1. Also the average densities (wet condition} of the rocks of cach formation are shown in Table 3-2. In the
calculation of average densitics, Sample Nos. 202, 204, 236, 240 were excluded because of their abnormaly
high values.

The following characteristics are noted from Table §-2.

(1) Average density is gencrally higher for stratigraphically lower forinations.
(2) The density difference belween K 1z1lkaya and Catak fom\auons is large while that of C'igfa‘. an  and

Kizi lkava formations is snall. :

(3} Within {hc Catak formation, andesite lava and aodesitic {uff breccia has high density while
sandstone has relatively low val.ue
(4) The density of intsive rocks var} considerably, and gran:llc rocks and biotite dacite show high

va!ues

' 5-2-2 Gravity Fearurcs-
i, Bougucr aomaly maps ’
Thice types of Bouguer anomaly nnps namely those wilh corrcclmn density of p =220, 2.40, and 2.60
gfcm are shown in F:gums 5-3 to  -5. The Bouguer anomaly value is high in the noithern part of the arca
“and low in the south in all thice maps. Thus there is a regional trend of soul!mard decreasing Bougucr
anomaly ‘.alues in this area. , ﬁ
In the Bouguer anomaly map with p =220 g/cm lhcrc are’ t\\o notable gravu) lo'.\s related to

lopography at the Yaglt River basin i in the somh“est and at the K Karadona River basin in the southeast. The

t“o gravity Io“s are conmd»mblv altenuqied in'the p=2. 4{) g/cm map and is hardlv nollcablc m the g -

—2 60 gem? map. This indicates that relativ ely’ high assumed d;nsﬂ) of around 260 gfcm is appropnatc
: from ihc southeast to southv.cslem part of lhe survey arca. ' , :
‘ On the other hand, in the p =260 g!cx11 map, a high graww anomaly related to lopagraph) appcars at
the K 1211 River basin in the northem part of the arca.  This gravily high docs not appear in the' p =2.20
g/cm map and this indicates that a re[alucly low assumcd density of around p =2.20 gfcm is app‘roprid!e
in the northern pait of the arca. _ ' . :
lt is scen from the above thai lhc dt.l\SIl) of (he rocks near 1he surface dszcrs considerably between the '
northem and smuhcm parts of the sune) aréa. In these cases, it is nc-ccssar\' o app]y anable densny _ |

correction usmg d]ffcrcm densilics m accordancc with the geologac COl'IdlliOllS

2. Surl‘acé density and Bouguer anomaly with variable density
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““Tabld 5~ | Rock Density (1/3)

Slaratigraphjc

bensity (g

cat) o

Sample | Rock ' nare » : 4
units NG, ;- |Natural dry] ¥et . .
123 [Acidic Lapilli Tuff 222 2.26
_ 262 |Acidic Tuff 2.43 |, 2,45
Caglayan | 148 [Htenatic Dacite 246 | 2.49
: o 180 |Dacite lLava - 2.38 2. 41
Formation 45 Ibacite teva 238 | 242
187 “|Dacits Lava 2.7 2.37
189 - Dacite Lava 2.42 - 2. 45
68 -[Dacite Lava 2.22 - 2.32
69 |Dacite Lava Y 2.44
76 |bacite Lava 2,35 2. 42
- 77 |Bacite lava . 2.55 2. 58
86 |Dacitc. Lava 2.44 2.48
§7 |Dacite Lava 2.33 2.39
114 |Dacite Lava 2.59 2. 61
116 bacite lLava 2.29 2.39.
140 -*|Dacite Lava 2.34 2.39
Kizslkaya 187 |Dacite Lava 2. 34 2.42
. 190 {Dacite Lava 2. 37 2. 41
Formation 216 |Dacite Lava 2.47 2.50
226 |Pacite Lava 2.55 2.58
236 |Dacite Lava (2.92) | (294
261 [Dacite Lava 2.34 2.41
263  |Dacite Lava 250 2.54
162 lHematic Pacite 2.47 - 2,49
153 |llematic Dacite 2.42 - 2.46
154 llenatic Dacite 252 2.55
156 - [Heratic Dacite - 2.51 2.54 -
158 [Hematic Dacite - 2.54 . 2.59
160 |Hematic Dacite _ ERIR 2. 82
223 [Dacitic Tuff Breccia. . 2.45 2. 49 -
93  |Andesite Lava 2.35 2.40
102 |Andesite Lava’ 2.59 2. 61
104 |Andesite Lava 2.52 2.54
106 [Andesite Lava 2.55 2.57
108 [Andesite Lava 2.42 2.47
Catak Formation | 109 (Andesite Lava 2. 60 2. 63
110  |Andesite lava 2,58 2.60
115 [Andesite lava . 2.54 2.59
127 [Andesite Lava 2.54 2.55
130 - [Andesite Lava 2.62 2.63
132 . |Andesite Lava 2.67 2. 69
138 |Andesite Lava 2.52 2.55
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Table 51" Rock Dénsity (2/3)

F‘e‘-taratig‘ra;ﬁhic Sample Rock  name L Dcnsﬂy (g/cn’y |
units N0, . Natural dry Yot
163 And031lc;Lava 2. 66 2.70
164 {Andesite Lava 2.63 2. 64
166 [Andesite Lava - 2.70 2.70
202 |Andesite Lava (2.92)]C293)
204 |Andesite Lava 296 ) | (3.00)
206 And031te~tava . 2.62 2.63
220 - |Andesitc Lava 2.70 2.70
' 240 |Andesite Lava (2.83) [ (2.83)
Catak Formation 243 [Andesite Lava - 2.67 2. 68
246 |Andesite Lava 2.5% 2. 62
247 Andesite Lava 2.51 2. 54
248 |Andesite Lava 2.61 2.62
264 [Andesite Latg .14 25
7ﬁ_i]]ﬁ“_8andostone T Aﬁifgjgﬂ :;7? 53
[ 201 |Andesitic Tuff BréEEIE'__" 2. 64 2. 66
209 [Andesitic Tuff Breccia 2.68 2.7
212 |Fire Tuff Breccia 2.58 2. 62
: 249 |Andesitic Tuff Breccia 2.48 2.54
T [Nevaditio Dacite 2.38 | 2.4z
9 [Nevaditic Dacite 2. 41 2. 46
12 [Nevaditic Dacite 2.07 2.12
29 INevaditic Dacite 2.40 2.43
73 |Nevaditic Dacite 1.74 2.00
80 [Nevaditic Dacite 2.31 2. 35
84 |Nevaditic Dacite 2.43 - 2. 46
WG [Nevaditic Dacite 2. 44 2.48
113 [Nevaditic Dacite 2. 50 2.53
. 126  [Nevaditic Dacite 2. 47 2.51
Intrusive Rocks - 161 -[Nevaditic Dacite 2.58 2.59
228 |Nevaditic Dacite 2.56 2.57
229 Nevaditic Dacite 2. 65 2.66
237 _|Nevaditic Pacite | 2.58 | 2.60 -
11 |Hematic Dacite 2.16 2.21
33 (ilematic Dacite 1. 94 2. 17
35 [Hematic Dacite .77 1. 90
37 [Hematic Dacite 2.07 217
38 |Hematic Dacite 2.27 2.34
44 ‘|Hematic Dacite 1. 93 1.97
52 lllematic Dacite 2. 31 2.35
64 |Hematic Dacite 2.18 2.26
66 [Mematic Dacite 2.35 2.39
70 jilematic Dacite .97 2.05 |
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“Table 5~ 1 Rock Density (3/3)

staiafigfaphjq :

phic Sample Rock: neme Density (g/cn®)
units NO. ‘ Natural dry| - ¥et
71 |Hematic Datite 2,20 2.28
90 |Hematic Dacite 2.32 | 239
146 Jlicaatic Dacite 2.44 | 2,49
168 |Hematic Dacite 2.38 2.45
179 - |Hematic bacite 2.35 2.41
197 [Hematic Dacite 242 | 2.43
199 ' {Hewatic Dacite 2.51 | 2.53
255 | |llewatic’ Dacite 243 | 245
256 - |Hewatic Dacite 2.32 | "2.42
62 [Dacite 243 2.46
_ 3 81 [Dacite 2.28 2.34
Inttusive Rocks 131 [pacite 2.61 2.64 °
- i34 [|bacite - 2.47 2.49
135 |Dacite 2,45 2.50
136" '|Dacite - 2.47 2.50
174 ~ |bacite 2.57 2.58 -
194 |pacite 2. 49 2.50
200 [Dacite 2.55 | - 2.56
- 219 |[Dacite 2.65 2.70
221 |Dacite 2.58 2.5¢
232 Ibacite 2.1 2.73
234 |Dacite 2.48 2. 52
238 |Dacite 2.55 2.57
265 |Dacite _ a4 2.46
137 - |Granodiorite 2.68 2.70
165 |Granitic Rock 2.57 2.59
- 281 [Granitic Rock 2. 62 2.63
- 242 |Granodiorite 2.69 2.70
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Suiface dcfnsilj" map s shown in Pigure 5-6, and Bouguer anoiraly rap with variable density in Figure
57, F'igure' 57isa ina‘p picpared by using the surface deisity of Figuse 56 as the correction densily, _

Surface density distribution shows that the northern part of the survey area has low density while In the
south the density ‘is high, and the density changa is very stecp in he contral pait. In the nosthermmiost par,
the density is lower than 2.30g/om® and also in the K1z1t River basin. In the southemmost pad, there is a
wide area with density higher than 2.70g/em® and tho highest exceeds 2.74gfem’. 1t is scen from the
geological map (Fig. 2 -1) that the sthatigraphically low Catak formation generally corresponds to the high
density 2one, whife the upper K1z 1lkaya and Caglayani formations to the low deusity zone. This is in
goneral agreement with the average density ‘of the formations Iaid oul in Table 5 -2. .

This Bougucr anomaly map with vatiable density has eliminaied the effeet of lopograph)' and the surface,
and H is interpreted as reflecting the density disdibotion of lhe'si::bsprfacc zones. In localitics where the
actual deﬂéit} 'ci.il‘l"crs "lo'c.a].l.y i‘ro‘m the surface density 6]‘ Figure '5-6., howcvcr,:ioca! gravily anonwaly may
have beén foifméd by the deficiericy and excéss of the cor'rec'[ion'c!c.nsi[y. _ ‘

_Thé Bouguer anomaly map with variable densily :(Fig. 57} shows the regiofial trend of the gravity of this
area very clearly, nancly the Bouguer anomaly is high in the noith and low io the sfou[h_ As wnill be
nientioned later, regional gravity map indicates that, in the southern codst of tiie Black Sea where this survey
area is located, the Boﬂguer anomaly"decrea'ses southward at a steep gradient, Tlncn:forc, the shape of the

local gravity anomaly within (his steep gradient is distorted and it is difficult to read the characleristics of the
anomaly from the straight Bouguer anomaly niwap. In such cases, it is n&essafy to eliminate the effect of the
regional gravity trend from the Bbugtmr anomaly and extract only the local anomaly. Thus the tegional (ccnd
was eliminatéd from the Figure 5-7.

3. Residual gravily map _

Figure 5.8 is the regional Bouguer anomaly map of the Black Sea coastal area prepared by MTA using
gravity data measuted at 5-10 km intcrvals, The Bougucr anomalies are 50mgal in the nesthernmost part of
the map and. approximately -100 mgat in the southcm:most arca with average N-S gmadient of about -2
mgalkm. The genicral trénd of the contour lisies is NE-SW in the survey area, but lhc‘rcgional trend is
ENE-WSW, . ' ' :

“The regional frend was calculated as the fiest order s.urface fitting to the gravity distribution of Figure 5-3.
The result is shown in Figuf_e 5-9. I the first order surface, the contours have EME-SWS trend and the
Bouguer anomalies afe '22 mgal in. the northerdmost part of the survey area and -25 mgal in the southemn
end. ﬂ _

Residual gravity map shown in Figure 5-10 was prepared by subtracling the gravily trend of Figure 5-9
from the variable density map (Fig. 5-7). The residual gravity map shows that the tesidual gravity is low in
the north and increases fowards the cénlm! and southern paits, A mmked gravily high is highlighied in the
central part about 1km rorth of the Lahanes mine. This high dnomaly has' the highest residual vatue of
15.5mgal at'its center and has a ‘wide peak extending over 1.5 x 2km with a low gravity ‘gradicnt and
northern and castem slope with steep gravily gradicrits. .

7 The residual gmvfly in the northern part ranges from 0 to 10 mgal, and decreases northward. The contour
interval is gentte between the Karzerik and Karilar deposits indicating the existence of local gravity high
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The residual gravity ranges from S o 10 tigal in the southeastein to southwestern part of (he SIIVEY Arca.
Many local high and fow anomaties with | to 2 km diameter occur in these parts, and the gravity distribution
is complex,

The vicinity of Yagl ;dere in the western part of the survey arca is focated in the peniphery of a large
scale gravity high which is infcrred to cxist fo the west and the residual value is high cw.cdmg 13mgal.
This western gravity high and that in the central part is connccted by a high residual gravity zone cxceeding
12.5 mgal,

4. Long wavelength and Short wa\'elc'ngth gravity maps

The residval gravity map with variable density shown in Figurc 5-10 was separated into longcr wavelength
component with anomaly diameters of 7km or more and shorter way elength component w 1lh anomaly
diametérs of Iess than 7k The longer wavelength gravily anomaties are shown in Flgure 5-11 and that of
shotter wav clength in Figure 5-12,

It is scen from the long wavelength gravity mdp that the gravity high in the central part of the survey arca
is an extension of the high in the western part and extends further southeastward, _

From the short wavelength gravity imap, clear gravity highs exceeding 2 mgal dre seen in four locatitics,
namely west of Calkaya koyli in the central pait of the susvey area, vicinity of Karaerik ini the nosth, cast of
Derckdy in the south, the vicinity of Anduz Tepe in the southwestem border, The low gravily anomatlics, on
the other ﬁand, are scen 1o occur surrounding the high in the central part, mimely the vicinity of Dikence in
the northwest, east of Cimakli in the northeast, between Calkaya koyl and Dikmenkdy in the central pa,
and from Kizilkaya to Killik. Another gravily low is seen from the Yagll River basin in the southwest to

" Olucak Tepe in the south.

3-72-3 Two-Dimensional Analysis

Two-dimensional anlysis was carried omt aleng the thice proﬁlcs A-A’, B-B', and C-C" of the residual
gravity map (Fig. 5-10) and the shorier wavelength gravity map (Fig 3-12). Long “a\elcnglh gravily
anolmhes and shori “avel-:ngth anomalies were used for the analys:s of the decper structurcs and (he
shqllo-.ser slmcturcs rcspecimh '1110 tesulis are showa in Flgurcs 5-13 lo I5. :

For amlg,sns of thc decp slmciure ‘as data concemmg the depth and d«,nsny of the decp-seatcd high -
: density la)er:, arc 11011-c~:|siant the depth of the uppcr sutface of (his fayer was assumcd to be -500m below
: 'sca—IcwI at the center of the high density anomaly in the central pait of the atea, and the difference of
‘ dcnsu_v from the upper beds was assumed to be 0.20g/cm®. These assumption, howe.\'e'r, do not have solid
ground, and thus the results of this analysis should be regarded as only for reference. The calculation was
first done on proﬁlc' A-A’and then on profiles B-B” and C-C' by using the results of the A-A' proﬁlc' as
conirol points at th¢ intersecting points. i . i

For shallow structure analysis, the formation which is the source of the gravuv am)malles ‘was- identified
from goologxcal cross sections and suitable densily was alocated to 1he unit for calculation. The resulls of the
analysis shows thal most of the short “a\eienglh gravily anomalies can be explained by (he low dcnsm bed

‘on lhc sutface.
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1. A-A" piofile

The shoi wavelength gm\llv lows of this proﬁlc corrgspond well with the distribution of the tuffs of the
Caglayan formation with the exception of those in the vicinity of Olucak Tepe. Alihough the average density
of the tulls of the Cagla}an formation is listed as 2.35g/cm? (2 samples) in Table $-2, the result of the
analysis show a density contrast of -0.20g/cm** with the surounding vnlts and the dén’sﬁy of the formation
is probably considerably lower. The gravity low near Qlucak ’l‘epb, is believed to be caused by nevaditic
dacite intrusion. The density contrast of -0.20g/c® is (o the surrounding Catak formation. ’

The calculated values do not agree with the observed values in the short wavelength gravity highs. It is
casy to assume the existence of high density rocks nedr the siiface to ¢xplain the anomalies, but it is
difficult to assume such rocks fron the geology of the arca  and it is considered miore reasonable to assume
such existence in deeper zonés, The first possibility is the existence of higﬁ density intrusive rocks which do
not appear in the geological secion, and the sccond possibility is that decp high density layer has risen to
shallow zones,

The result of the analysis shows that (he decp high density body rises largely in the vicinity of Lahanos
mine and it sinks fo relatively deeper parts in the northern and southern paris of the cioss section. The
topography of the surface of such bodj‘ is not harmonious with the structure of the Catak formation as seen
from the geological section. This fact suggests thal the long waveléngth gravity reflects the structure of the
zomncs deeper thaii the atak formation.

2. B-B’ prbﬁic : _ : .
In this profile, aside from the vicinity of the Karadona River, the shorl wavelength gravily lows also
correspond well with the distribution of the tuffs of (he Caglayan formation. The Caglayan formation of this
broﬁ!c is not particularly rich in (uff, but the low gravity anomalics are marked wherc the tuff content is high
and there is a clear relation between the two. As mchtioned above, the gravily fow in the vicinity of the
Karadona River is not caused by Gaglayan formation, Catak formation with refatively low density units sich .
as sandstonc and other sedimentary rocks arc considered 1o be the cause of the gravity low.
The gravity high:in lhc atea behvocal Calkaya koydl to the Kizil River docs not agree with the
" calculated valucs, The geologwal Cross section of the afea show that the Kizilkaya fonnauon forms an
anticling and it is probablc that the gravity high relccts this anticlinal stuctuse. o
The amig sis indicates that dcep high dcml\ body occurs in a relatively shallow zone bch\ een Dikence
~and Calka}a koyU, and becomes deeper lo Ihc nosthwest and southeast.

. cC pr(';ﬂlc

In this profil¢, short wavetength gravity lows are observed in the central pait between Killik and
Kiz llk.a_va and in the southeastern part (right end of the profile), but both are not notable. The Caglayan
fomi;ilic)n docs nol occur widcly in this profile, and the low gravily between Kiltik and Kizitkaya is
. considercd to be caused by the strongly altered part of the Kizllkava:fo’rma!jon The Catak formation is _
: dls!nbuted at the nghl end of the proile, and the fow gmwlv is believed to be caused by e\{enmely
occurring sedimentay rocks of rdaln\ ely low density. .
- The gravily high from K1z1lkaya 1o Caliepe does ﬁol agrge with the calucated values, bul lhe difference
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Fig. 5—-13 (.}ravi'ty Analysis Profile A~ A’
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is sinall and the gravity high ftself is not marked. Thus it is considered not necessaty 10 assume the oxistence
of high density body for this anomaly. .

The long wavclength gravity in this profile docs not vary very much and thus the reticf of the upper
sirface of the high dénsity body obtained by deep structure analysis is small,

5-3 Consideration
5-3-1 Gravity Fealutes and Geology
1. Shoit wavelength gravity and geology
The results of the corrclation of short wavelength anomalics (Fig. 5-12) and geology (Fig. 2-1) over thc

sunvey aréa are as follows.

1) The distribution of the Caglayan formation niostly corresponds lo thal‘ol' the low gravity anonraaiics.

2) The distribution of the K1zilkaya formation more or less corresponds to that of the high gravity
anomalics. .

3) Half of the Gatak formation occur in the high gravity zongs and the other half in the low gravily
7ONCS.

4) The intrusive bodics are clearly divided by rock species into those correspondmg to high gravity

anpmalics and (hose corrgsponding to fow anotnalics.

The Gaglayan formation is distributed wiostly in low gravily anomaly area with the exception of the
vicinity of (he Karaerik deposit with high gravity. This is in harmony with the relatively low avéragc density
- of the rock samples of this formation. The high gravity near Karaerik is considered to be the cffecl of cither
the 'raiscd stucture of the lower K 1z i lkaya formation or the intrusion of a relatively high density body.
The Kizilkaya formation is distributed in a well defined two high gravily zones, namely that exteanding
in the N-§ dircction between the vicinity of the Lahanos mine and Clm&kli, and that extending from
- Dikmenk@y through KozkOy (o Dewekdy. The densily of the rock samples of this formation is nol high,
bul eiside from tﬁe low density ff zones and s{rongly éltcrcd mhe 1hJs formation is often distributed in
h:gh giavity aréas. The gravity lughs in these areas is considered to e not due to tlne Kizilkaya formation,
: bul to the nsc of the basentent (dcep high densny layer) or to the intrusion of high density bodies,
The area from the west of Lahanos mine to Killik and the vicinity of Kizilkaya ace low gra\'ny anonmh
j mnes and l!us is believed o be cavised by the low dens;iy T of the K1z1lkaya formation or to strongly
altered parts: _ ; ' '
The density of the rock samples of the Catak and Caglayan formations is clearly higher than (hat of the K
‘1zilkaya formation, but their distribution does not correspond to high gravity anonwlics. This probably is
duc 1o the fact thal low density sedimentary wnits arc dominant in the Gatak formation in these arcas. But
there arc high density andesitc areas which do not fomi high gravilj anomalies, and the reason for this fact is
“not clear, but there are possibilitics of the e\ls[encc of low density inlrusive bodies, or of nlrongly alfered
Catak fonuation in these areas. It also is possible that lhc fonnalmn could have sngmﬁcam amounis of voids
and fissures lowering the appasent macro density.
Regarding intnssive bodies, the occumence of ncvadltlc dacite cormponds well ‘with the low- gravily
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anomaly zones. This is paricularly clear with the targe nevadite bodics al Cimakli. Since, according to the
regional residual gravily map, the arcal distﬁbulion of the fow gravity zone is larger than the rock body,
factors other than the navadite may be contribuling to this ammaiy

Onc of the m{msuc rocks which can be corrglated {o high gravity anomalies is biotite dacite, The d1cnlc
occurring mdd_v, in the vicinity of Kalchisar Tepe in the central part of the survey area is refated to the
southwestern part of the high gravity anomaly to the west of Calkaya koytl, and thus it is considered thal the
dacite plays a strong role in the formation of this gravity high.

2. Long wavelength gravity and geology

The corrclation bebween the long wavelength gravity map (Fig. 5-11) and the geological map (Fig. 2-1) is
not good. This fact indicates that the long wavelengih gravity reflects deep subsuiface structure below the
Catak formation. Jt is'difficult {o discuss the relation between the long wavelength gravily and goology
because informalion regatding strata betow the Catak formation is very limited. Tt is, however, possible (o
interpret the long wavelength high gravily anomalies as reflecting either rise of the basement or intusion of
~ high density  bodies.

.5 -3-2 Gravity Featutes and Occurrence of Ore Deposils

" It the northern half of the survey area, there are; Karaerik, Karilar, Agalik, and €1 makli deposits. And in
the southern haif, Lahanos, Killik, K121 kaya, Kepgetik, Kozkdy, and Bikmen deposits occur.

According to the long wavelength gravity map, the deposits in the north all dccur in the intermediate zone

“between the high and low gravity anomaly zoncs, while in the short wavelength gravily map, Karaelik
deposit occurs in the cental part of the high gravity anomaly and the others occur in the 'periphcry of the
same gravily high. '

In the long wavelength gravity map of the southem half, Lahanos deposit occurs at the margin of a
gravity high, and Kiz1lkaya dnd Kepéelik deposits in the ridge of a gtavily high extending southwestvard
from the ccnter of a bigh :moniah’; The Kitlik, Kozkty, and Dikmen deposits are located in the transition

: .:r.onc between pravity high and low. ~ With the short wavekength gravity map, the three deposits Lahanos,
hcpcchk and Kozkoy occur in'the high gravity anmmlv ZONC$ and the other three namely Killik, lemcn
- and Kazilkaya deposits atc tocated in the transition zong between the high and low anomaly Z0nes.

: The above relation between' the gm iy anonnhcs and or¢ deposits are sumnwmcd as follo“s .

l) Theré is a ruhlucl) clear tendency segarding lhc ore depasits and long “aw!cnglh gravity anomahes
The ore depcmls accur in the intennediale zohe belween (he high and low anomal) zones or in the margm ol'
high gravity anomaly. None occuss in the low gravity anomaly. This the distribution of the ore deposits are
closely mlated to the long wavelength high gravity anomalics.  This fact indicales thal the ore genesis is
controlled by the ‘geologic structure which gives rise to the iohg wavelengih gravity high

) With short \\':\\"0]013[_11 gravily anomalics, again‘the ore deposits do not occur in the center of low -

‘gravily anomalies, add thé tendency to be located in the traansition zone betvicen the high and low gravity

anonaly zoncs is clear.

$.3-3 (‘ompﬁﬁ;on with the Gravity Features over the Japancse "Kuroko” Area
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A gravity map of the Hokuroku District is shown in Figure 5-17. This arca is a representative "Kuroko®
#0n¢ in Japan, Seya (1965) showed that almost all of the kuroko deposits in this arca occur in the
mlenmdlate zone belween high and low gravity anomalics of in the high gravity side, and the rclationship
can be sceit fedin Flg\m, S-17. This is simifar to the fong wav elength gravity and orc deposits of the present
sunc» area, and thus is a common feature between the two arcas, _

Nakajima (1993) wrote that larger kucoko depo_s:ls such as Hanaoka, Shakami, Kosaka arc.locatcd at the
margin of depressions of the basement, while the medium 10 small deposits such as Furutobe, Aimai,
Fukazawa are situated in the smalt \aI!c_\,s which dissect the ridge-shaped uplift topography. I is scen in
Figure 5- 17 that the large Haoacka and Shakanai deposits occur in the boundary between the high and low
gravity anomalics where the gmulv gradient is steep, and although Kosaka deposit is located where the
gravity gradicnl is nof stecp, it is in the proximly. N'ikajlma s "margin of the bascinent depression” agrees
extrcriely well with the piavity featutes’ The gravity features in the vicinity of the medivm and sanll
Furutobe and Fukazawa deposits again is interprcted to relect Nakajima’s “ridge-shaped uplin topography*.

The deposits of the present survey arca are located wiere the gravily gradient is s!cep, similar to those of
Hokuroku arca.  Agalik and Dikmen can be classified as large deposits and others as medivm to small, In
the present survey arca, however, low gravily anomaly comspondmg to the "basement dcprcssion" is not
clearly confirmed, and it is not clear whether the steep gravity gradient of Agalik and Dikmen deposits
indicates bascment depression or not  There is a large castward extending low ‘gravity anoinaly in the

‘castem miargin of the sunvey arca and ilus co.ﬂd be reflecting a “basement depression”, but thls needs to be

confinned in the future.
"The area from Calkaya kbvu lo Ccpmkoy lecated accross the Klitl River fram Lahanos dcposu is
considercd promising and watranl fu[un, exploration from gravity fcalurcs and geology.” The hangingwall .
Caglaw,an formation is wi ldcly distributed in this arca and the tuff unit of K1zy Ika\a l'onmtion - lhc'on,
horizon - have not been croded. The gravily features shows this afea to be in the ridge-shaped esiended pant

i ‘of a shot “a\-,lcnglh gravity high, similar to the Lahanos deposit. chardmg the long naulcngth gravity ,

Cepnikdy is situated al the s!ccp gmvm gradlcm zonc and has lhc condmons for the occumncc of. Iarbc

" deposits.
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; Chépfcr 6 1P Survey
i 6 g Suncy Melhoed
611 Contcnt of lhe Suivey
' The suwcy arcas for clectnc s

:vey(lP suwcy) wete eslabhshcd in the arcas mncluded to be hopcful by
‘ anatysns of exisimg documcnts and geotoglcai suwey '
* Locations of thc arcas dré shown as Fig 6 l .

" Specifi cation of gcophyswal survey 1s shaowi fn Table 61

- Table 8- 1 Spcc:ﬁcahcn of Geophysxcal Suwcy

~ Nethod . ~ | Indiced polar;zatxon method Cip method)
Detection method - ;f . | Tine domain nethod
Eloctrode arrangement : _ Dipole-Dipole

Separation of clectrode an‘angement - a=100m

Coefficient of electrodes scparatlon " n7l-5

Number of sur';fey line L 8

Tolal length of survey line b 23 3ke

Tests of physical property of rocks 45 specinens for chargeablhty

and ores (laboratory test) and resistivity

6 1-2: Operalion of the Mesurement
1 _-Dctcﬁniﬁatiou of Survey Line and Suwey
Suwcy lines were phnncd to start from Cross pomts of roads. _
~ Openy tmvcmc method was ddopted to locatc cxact survey pomts

-Locahons of cach survcy lineés are showa too in Flg 6= 1.

2. Electiie Pmspéct:mg {ap l.ncthod)
DThe Pnn(‘lplc of IP Mcthod

thn an electri¢’ cuncnt is sént into lhc caﬂh various electnc chemica! phenomena occur in the .

medium that composcs the gmund
iy method mcasurcs two phenomena as follows,
" {Over Voltage E ffcct}
By sc-ndmg an electiie current, two mulh layer are produced on smface of sult'dc or metalhc conducters.
And wher an clectnc cmmnt is W itched off, an clcctnc dxschargc oocurs towards opp051te direction, Thts'
phcnomcnon is* due to combmatcd cflect of fon with crcctron conductlon The origin of this phenomcnon is

minerals shomng highielectron eonduclmty, -and then these mmemls can be detected by !P method.
{Normal Effeet or Background )

Polantzation occwns by sending an electric current in ordinary rocks. - The main origin of this phenomenon

is membrane polarization caused by a small amount of clay minerals in cavities of rocks. The membrane
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‘polanization of montmoriflonite is the fargest among all of clay mincrals, and that of kaolinite is small. The
membrane polacization shows its maximun value when clay minerals are contained in rocks as around 5% of
total volume. However, ' membrane polarization decrcase in the cases when capacity ratio of clay minerals

is bigher or smaller than 5%.

The membtanc polization shows its maximum when montmorillonite are contained around 5% of fotal -

volume, and if it is expressed by FE value it is around 2%. But this valie is extremely small compared

with above mentioned Over Voltage Effect by sulfide minerals.

' 2)Moasuring Method of IP Phenomenon
" The outline of measuicment is iflustrated as shown in Fig. §-2.

Mcasurenient was camied out by time—domain method{Abb. form:T. D. method){it is called transient
method in another way). In this method at first, direct current is transmitted intermittently{on/off 2. (sce)
into the ground lhrou'gh'a couple of current electrodes(that is, C1 & C2), and then two kinds of data can
be obtained from a couple of potential elcclrodés(that is, Pl & P2). Ore is primary potenlial

difference(Vp) just before swifching’ off an efeclu'c current, the other is the secondary potential
difference(Vs) during T time(T time is from §0msec to 1, Sgﬂmscc) after switching off an cleétric current.

Tn this swrvey, Vs during T time after switching off an electric current were measured.  The concepl of
obcmlion is shown in Fig. 6-2, the concept of method of measurement is shown in Fig. 6—-3 and the
list of sampling time is shown in Table 6— 2.

l IP effective measurcment value by IP mcthod is generally called chargeability and is expressed by
Vs/Vp(mV/V).
The data of secondary poteatial difference in thié suwc.y. seemed not to bc influenced from the cffeet of

clectromagnetic coupling.. The 935msec data were adopled in this survey as the chargeability of mid— point.
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Fig.6-2 Concept of Operation

Chargeability \\
Vs
[mV¥/V]
Codt5 6 7 18 19 d0 tl otz ti3 tl4 Timsee]
-Fig. 6-3 Conoépt: of the Method of Mcasurcment
Table 6— 2 List of Sanipling Time
Slice 8 Jt4 | 651 t6 [ 78| 19 ] 10} til |2 tus'| 4
idd-Point [ 60 | 80 |130:190 [270.| 380 | 520 | 705 | 935 1230 1590 msce
Vidth | 20 [ 40 | 40 | 80 | 80| 140 | 140 | 230 | 230 | 360 | 360 mscc
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3. Measuring cquipments and niaterials
The measuring equipments and materials are shown in Table §- 3.
Table 63 list of Equipments and Materials
Field survey _ _ .
Equipnent ¥aker Type Specification Amount

Transmitter SCINREX TSQ-3 1500V, 103 max oulpui:3000¥% 1
“Engine Generalor | INDUSTRAL | IODE | 220V 400Mz sup B
CONNERCI AL single cylinder 2cycle
Receiver | SCINTRER | IPR-12 | Schannel, l4window 1
Input Range:50uV to 14V
“Blectrode | | Corrent | staintess steel I
Potential| CuSO4 ' |
CCable | FUIKRA | | vSPI25mn’cable I
'Heas:u"r;hig compass| LSHI KA-T_IT o —Poc"ket COnpass '
‘ 100m Esron tape 4
Comnunication - | KENVOOD TH-456 | Output:600mAbY B
device Battery: 12V 12
Laboratory test '
Transmitter - = |- IRIS - AP-L ] Output:lud — 100mA : I
- N | Nax 10V '
TReceiver | SCINTREX f'iﬁk 12- | Schannel. l4window 1
' ' " Input Rasge:50u¥ = 14V
T Y e T | IR

C6-1-3 Meth(l)d.of Aitalyéis
© Simulated Ana!yms from Pscudo Cross Sections _
© Eleelric field _originated from pomi source on smfacc or undcrground dcvelopcs as all cncrgy will be
‘ mmum/cd _in both cases of resxtlv:ty and P mclhods Electric fi cld is minimized on cquatnon(l) a8 folloxars
i ', /J'V f(g’:)dVﬁO - ()
In eqﬁatiail(i), ) means a I'unctmn_of electie pot'cntial(tﬁ) derived from Maxwell's
o [ ($) =a (Ad)*-21s-a¢  (2)
clectro—magnetic cquation, and it is cxpressed using conductivity(o).and cumrent density(Js) in case of
normal electric fiel as following equalion(?) First cquation means integral calculus of whole volumes

where Cltll(.‘nC)" from peint source passcs, but in infinite element method it is evamated appmxumately after

. presuming suffi ucnt but mited mlume ‘In this survey analys:s was carried ont as ‘two dimensional .

© - problei, and sufficically w1de ‘iCChOl‘Ial areas(honzomally 10k X vcmcally 3!-;m)wc;c adoptcd m stead of

volume. ‘
Simutation analysos of :c&sh\nty and pscudo cross sochon of lP were camod out using infinite clcmcntai
pmg:am of 2nd and half dimension by Coggon{1971) and Rijo(1977). After data and modification were input

" in dialofic style and caleulations were repeated  seversl tens timies, -result was oblained approximately
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almost same as the prosuned mode! on pscude cross seclions.

6—2 Result of Survey
6-2—1 Result of Swvey
1. Result of Suivey
Apparent resistivity and chargeabitity acquired in this survey ate shown in Figs. 6--4~11 as cross
scctions, Figs. 6—12~14 show apparent resistivity in plans, and Figs. 6—15~17 show chargeability in

plans,

DCross Sections of Apparent Resistivity and Chargeabitity
A~ survey line .

Dacitic lava and its pyro.:claliés of Kizilkaya formation and dacitic pyroclastics of Chaglayan formation
develop atong this tisie. Intrusive rock also can be scen arousd  Nos, 15 and 30.

Avound Nos. 15 and 30 where intrusive bodics of red dacite and nevaditic dacite dis{nbutc hlgh
resistivity like as 5009 + m was shown. '

At No. 26 where dacitic pyroclastics of Caglayan formation develope, around 50 € - m were shown as
resistivity, and in most arca where dacite lava occupies resisitivity vary below 2009 « m.

Chargeability on this line was shown 12mV/V as maximum.

Avound Nos. G~7 and 29, \\cak IP anowaly like pantaioon shape was rccogmzed and it seems to be

devived from supcnfctal ore showings.

- B~ survey line
Damtc lava and ifs pyroclast:cs of Klz:li\aya fomlahon and dacitic pyroclastics of Caglayan ' formation
develope along this line. Intrusive rock exist around Nos. 6, 13 and 16.
Amund No, 6 low wmstmty like as 20Q + m were measured duc to wadcly argillized zone on surface.
Rcsmt:v:ty around Nos 6~22 changed hlgh!y bccausc of damtc lava of Caghyan fonnahon and :
intrusive rock. ' . _
Dacttic pyrdclésiics of Caglayan 'fof:niatioul amund N © 24 showed 40 Q «m.
The maxinitm chargcabmly on tlus fine was around lOmWV

In the dopth of No. '19~20, weak IP anomaly was seen.

C*— survey line
Dacitic lava of Kizilkaya. fo:mahon and dacitic pyroclasttcs of Caghyan fonﬁétion‘ dc_chop_ along this
linc. . . . _ ‘
 Low les1shv:£y was usually GbSCIVCd at geological boundary amund Nos 8, 18 and 22, but cléa_r-
: rclatlon betweei rock fames anci res:stmty could not bc rccogmzcd gcncrally S -
Chargoablhty was Iow on this line as gcneral and its maxlmum value was hmV/V.

Any characteristic was not scen in distribution pattern of changcabrhty on lhls line,

D- survey line ¢
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Dacitic lva of Kiz1lkaya formation, dacite lava, its pyroclastics and porphyritic  dacite tava of Caglayan
formation develop along this line. Around No. 19, red dacite  cxists.

Relatively low cesistivily like as 20~80Q + m was mcasured in the whole area where dacite tava of
Kizilkaya formation and dacitic pyroclastics of Caglayan ' formation distribute. Differesnce of resistivity
between dacite tava and intrusive rock could not be detected clearly.

Refatively low resistivity like as 20~40Q « m die fo argillization on surface was observed commonly.
The maximum chargeability on this line was 17TmV/V.

A clear IP anomaly was recognized at the depth of No. 63,

“E-swvey line
Along this line, dacite lava of Kizilkaya formation, dacite lava and lts pyroclastics distribute.
Low rcsnstmty like a5 302+ m due to argillization was observed around No. 9.
‘Aroitnd Nos. 14 and 19, high resistivity like as about 4, 000 + m due to intrusive rock was shown.
The maximum chargeability on this ¥ne was 15mVAV.
Clear 1P anomaly was recognized around Nos. 23~25 where dacite 1ava of Kizilkaya formation(that is,
footwall of massive sulfide ore deposits) was exposed.
High 1P anomaly and high resistivity duic to shallow intrusive rock was shown arotind Nos. 14~15 and |

§-~20.

l*;— survey line &
: Dacite lava of Klﬂ]kaya formation and dacitic pyroc!asllcs of Caghyan formation develop along this line.
~ Avound No. . 2, red dacite les. J

Clear velation between rock facies and rcs:stmty could nof be oblamed

. The makimum (‘hargeabihly on this line was §mV/V, o

. The higher chargcab;la(y was inclined to be shown in the deeper pl.éccs_.' ' ‘

G- suivey Ime !

Dacite hva of Kulll\aya formation and dauttc pymclaslws of Caglavan format:on dlstnbnle along lhls
:lmc Around No. 13, red dacite and andesntc ¢xist, Lo '

Clear relation between rock facics and resistivity was not bbiaincd.

The maximum chargeability on this line was 18. 3mV/V.

High chargeability was observed at the depth of Nos. 3~ 10.

© H--survey line _ . :
Dac:tc Java and :ls Y roclashcs of Klzllkaya formahon ‘and dacite and its pyroclastlcs dcve!op along this
Line. ' Intrusive tock was scen around No 13. : o E
High rcs:slwaly moie than 2600 « m wis reeognized am'u-id No. I3 whérc intrusive rock lies.
“ lLow l(‘SISh\Il} like as 40&? * m was obscived around No, 4 where argillization was seen commonly.
The maximum chargeability on this Ine was 16mV/V.
High chargeability was generally shown where high resistivity more thaa lOOQ + m was obscrved.
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2)Plans of Apparent Resistivity and Chargeability _

When dipole—dipole arvay of electrodes and high clectrode separation index like as 4 or § are adopted in
P sun%cy. pattem of IP anomaly originated from shallow places is characteristically inclined to be colarged
on deeper plans,

In such a case, 1P anomaly pattern does not correspond well to actual origin of anomaly.  Therefore,
description here is based on low electrode separation index like as 1 to 3.

Hereby, the arca which includes A, B, E, F, Gand H strvey lines is defined as Lahanos arca, and

north—castent pait of the survey aica is defined as (alkaya area.

Plans of Apparcnt Resistivity
: Resistivity less than 200 Q + m prevailed mostly in the survey area and bigh resistivity areas Iikc.as_ﬁﬂﬂ
Q « m were scattered,

High resistivity atcas in Lahanos arca distribute fioni No. 13 sbot of H--Hne to No. 13 point of B-linc,
around Nos. 14 and 19 of E-line, and around No. 2} of A—line. And these high rcsisliviiy arcas
“comrespond very well to intrusive rocks such as red dacite, andesite and nevaditic dacite. In Calkaya area,
distiibittion of delerite body around No. 49 of D~ linc shows high resistivity like as 4, 0009 + m.

Around Nos. 3 and § of B—line where marginal paif of nevaditic dacite mlruswc bedy exist, strong
argillization could be observed, Low rcmshvnty arca less than 5OQ « m which relatcd in arg:llazatlon SCCNLS
to prevail southvards along the marginal zone of nevaditic dacite body

In the area where resistivity less Ihan around 200€ - m is prcdonnnant it is not clcax to detect the

relation between msqsimty and rock famcs because of strong argillization.

" Plans of Chargeability _ _ _

* ‘The areas where chargeability more th:in around Smv/y pa‘edominaks are thought to conéspond to two
cases, onc is to high resislivity arcas more than 20092 + m, and the other § is to 1claluely low resistivity
arcas less than 2009 «m. e _ _ .
‘ © Aownd No. 46 of D—Ime'in Ca!kaﬁ'a al‘éa and No. 14 of E=1line in Lahanos érea, high resistivity and
’ hlgh chalgoab:l:ty were obscwcd due to mtms:\c rocks. . o . .
 The areas showmg relatively low resistivity and around 6mV/V chargeabmty exist at Noq l!~2[l of
‘H-line, Nos. §~10 of G-1line and Nos. 20~25 of K- Ime in Lahanos arca; and Nos 9~17 of
D~ line in Calkaya arca.

The above mentioned facts regarding resistivity and 1P palterns are summarized as shown in Table §— 4.
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Table 8 4 Result of IP Survey

rSun_c_y Apparent Resxs- _Chargeablllty |—_haractnm‘tstu:s of [P Dlstrlhui;(;;—
L;ne txv:ty((Q- m -l (mV/V) Pattern’ _ ' : ]
CA 40“32[6?5 _fi#:4”4?6‘4ﬂv12 l 'Z;f Yeak lﬁm;nonaly around Nos. 6ﬂ~7
N TSI _f_&zs’ :
kﬂB - 7j~1‘. 432 o —679:_15-1 - Yeak- 1P aromaly at depth of Nos. |
I R U )
€ | 14~748 [-0.5~68 P\io anomaly. 7
'—-D' §~8, 3[)6 - -1'1.'0*48.3 a Clear anomaly at deptﬁ_o_f—-;\-(;ﬁlil“&_
- _ | : ‘ weak arionaly ‘around No, 63
E | 43~4, 559 o '-0'._?'414.8 - |crear 1 aromaly around-Nos 23_;
. 125 & weak 1P aniodaly’ at No. '14.
N I N I 413? 9 [Th deeper. the higher IP.
6 |80~386 |1.8<183 [ Clear 1P anoraly. around Nos. 3~10
T 19~1, 267 0.9&15;-7 R High chargeablllly m—hi;;il resist-
' _ " ‘livity area. |

6—'2?-2 PhySicéi Peoperdics of Rocks and Ores
1. Measunng Mcthod for Phys:cal Pmpcmcs
In order to have the basic data rcgardmg cleetrical spcc:ahtles of rockc- aiid ores in the survey area,
typical 45 samples collected in' the area were measured their resistivity and chargeability by time— domain
method. '

2. Employcd Eqmpmcnt :
List of cmployed cqulpment for this purpose is shown as Table §- 3.

3. Résult of Measurement _ _
* Result of measuremesit is listed as shown in Table §--5.

Relahon between appmcut lt’SlelVlfy and chalgeablhty in cach samples is deawn as shown in Fig. 6~ 18
_ Scveral @ m - and 100mV/V ‘were obtained from® high gradc ores as resistivily and chargeability
respcchve!y _

chardmg low grﬁadc'ores, _resistivity highly varies from several @+ m to 1009 « m and chargeabilily
also varics from lﬁlVN to’ L4mV/V.

Dacite fava and its pyroclastics of Caglayan fom\ahon was measured their resistivity and char gcablhty as
20~1,0009 + m and 1~10mV/V respectively.

Dacite lava of Krzilkaya formiation was measured its resistivity and chargeability a3 severat~9009Q « m
and 1 ~14mV/V respectively.

Andesite fava of Catak formaton indicated around 100~3000 + m and 3mVAV as its rvesistivity and
chargcablhty rcspcchvely _

Intrusive rocks showed 30~600Q » m and 1~ MmV/V as its resistivity and chargeabitity respeetively,
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Table 6~5 Results of Physedl Pro

peity Tests
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Pyeee . T 32, 339,72 153, 366.05] 325, 33)]
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' Result of analysis was summarized 4s shown in Table 6~6.

Table 6—6 Sitmmarized Table of Eloctric Survey

Estimated Distribulion Pattern of Origin -

- lP_anomaly Zone is expecied to dcvelop-
On'surface it is thought to be flat. - -

Geologically_il distributes over Kizi1-
lkaya to Caglayan: formations.

It is flat at deeper. place than 200a.
« {t is flat at deeper place than 100m.
+ It is flat at depper place than 100m,

Gcologically it developes in both Kiz-
tlkaya and Caglayvan formations.

10 deeper

« It developes from surface to depth
Geologically it developes in Kizilkay

'Survoy ' Estinated Resistivity
Line & Chargcabilit? of Ori- |of IP anomaly
gin of 1P Anomaly
A 120Q - o & 14m¥/¥
Lahanos 140Q - & & t7mV/V widely in depth.
area '
D 20 - n & 420V/V
Calkaya 135Q 'n & 20my/V
‘arca 29 <m & 40n¥Y/Y
E 18052.-m & 10m¥/V + It extends from surface
Lahanos places.
area 0Q < n & 20m¥/¥
fornation.
G [200Q «m& 15aV/¥
Lahanos than 100m.
area 200 «m & 32aV/V
rmentioned, but inclined.
formation.

« It exists horizontally at deeper place
+ It is the sane anomaly that just above

Geologically it exists in KlZ:lkaya
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Generally speaking, clear difference of resistivity ainong cach formations could not be recogitized, but
argillization affecled much influcnce to country rock's wesistivity. And mincralized rocks were mclulcd to
show high chargeability. '

Intrusive rocks which indicated high resistivity and high chargeability like as around [¢mV/V  scems to

confain magnetite,

6—2-3 Result of Analysis
Referving the vesult of measured physical properties of collected rocks and ores, ~simulating analysis weie

_performed on A, ‘D, E and G survey lines that indicated ptincipat 1P anomalics.

' A—survey tine -
7 Ip anoma!y around No.. § was simulated and was concludcd to be due to lP anomaly from mlmswc rock.
“The IP anomaly was sunuhtcd to have drived from arca around 50m below Nos. 7 9 zonc that showed
al‘Ol!ﬂd 20062+ m as rosistivity and around 20mV/V as chargeablhly
Weak IP anomalics on surface were analized to be due to mincralized zones and its extension developing

between Kizilkaya and (aglayan formations or due to intrusive rock.

D-survey line .

P anomaly’ albund No. 11 where dacitic pyroclastics develope was analyzed, conscquently: origin of
’ a;nomaly was estimated to be avound: 150~200m below Nos. 11 and [6 whcré Kizilkaya and Uaglayan
formations scem to develop, and to haye low resistivity like as 2~35( - m and high chargeability like as

20~42mV/V derived from miner alwahon

E—smvey line : _ _ _

IP anomaly avound Nos. 2395 where dacite fava of Kizilkaya formation distributes was simulated,
COIlS(‘C]llCIl“y weak mineralized zone was expected to continue from shatlow pért below No. 25 to depth of
No. (8. | _

Origin of Ip anomaly was analized to have 50~180Q « m as resistivity and ]03420:11\1/\? as cha:‘goabiﬁty. :

G- survey line

IP anomaly  around Nos. 4~§ where dacite lava of Klilli\‘i)”i formation was aiialized, conscquemly
origin of IP anomaly was expected to develop widely in decper place more than 100m from swiface.

Origin of IP anomaly was ecstimated to have 209 - m and 32mV/V as resistivity and chargcabﬂ:ty

tespectively,  from mineralized zones in knllkaya and Caglayan foumhons
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6-3 Consideration

Résult of IP sirvey wa summarized and was shown in Fig. 623 as Analytical map of IP survey.

Higher resistivity arca than 5009 « m was concluded to correspohd very well to the distnibution arca of
intrusive rocks. But m the area of around 200 + m resistivity, "correspondence of resistivity to roék
facies could not be recoguized clearly because of argiiiizalion and niincra!izaﬁon.

Low resislivity area hke as around 508 - m coircponded very well to argillization relating with
supetficial alteration.

Regarding physical propeitics of samples, high grade ore showed low resislivity and * high chargeability,

but low grade ore showed low resistivity and variable chargeability,

Higher chargeability than 200Q i m iﬁ ilmsive rock area was due to the existence of magnetite,

Anomalous chargcabilitics were observed in A, D, E and G survey lines. In depth of F and H survey
lincs, weak IP anomalous zoncs were estimated to exist.

After simulative analysis en A, D, 'E and G survey lines, shallow iP anomaly in A litsic was expected to
have derived from dcpth where intrusive rock showed high' chargeability or dacitic pymclashcs were shghlly
mincralized, '

IP anomaly in D line was concludcd to have shown the cffect from deeply existing mineratized zone m
K ullkaya and Caglayan formations. _
~ JP anomatics in E and G lines were considered to have shown the effeet from mineralized zone in dacite
lava of K1z 1lkaya formation.

IP anomatics in D, R and G lines were concluded to have derived ftom mineralized zones, therefore

furlher detailed surveys are requested to be peifonned in these areas and to clarify them.
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