The closuring errors were distribited in relation to the horizontal

distance. The altitudes of the stations were presented'in Ap. 1I-1.

1~2~4 Corrections and. Data Processing
_For the first stép of the data proééssingf gravity data as oﬁtainéd
in the field must be corrected for tide, height of instruments, drift; E
latitude, influence of topography, altitude, free-air, Bouguer, and so
on. And the results of these correctlons are presented in Tab:II-3.

Brief explanations of these corrections are explained in the follow-

ing paragraphs :

{i) Tidal Correction
Gravimeters for geophysical prospecting in general aré s0 gensitive
that they also respond to the gravitational attraction of the sun and

the moon and record periodic variations of the gravity values accor-

ding to the relative location of these pianets.
The vertical componeﬁt of the tidal force caused by the sun and the

moon are calculated by the following formula:

A§=~3/2G_Ma/r3 {8(sin®8.~1/3) (sin?& ~ 1/3)

o+ sin2d sin2dcosd +cos 28cos 2¢ coslOl X1.2 (gal)

whére,
G :gravitational constant=6.67X107*' (m> _/kg;s_é(}’_" ) %
M : mass of planets {(moon: 7.348 X1077kg, sun : 1.9891x10%%kg)
a :dlstance from the center of the. earth’ to the station
~(378388(0.99832+1.6835% 10 %cos28 —3 . 5X 10 6cos4¢) ‘Faltltude Of

the station{m)
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r :distance from the center of the ecarth to the planet
(moon : 3.844 X 10%* m, sun :1.498 X {0“ﬁ1)

¢ : latitude of fhe station

é :dec’lination of the planet

& : hour angle of the planet.

(2} Drift Correction
In the case of spring-balance type gravimeter, the drift is caused

by the creep of the Spring‘méterial. The influence of the drift is min-

imized by assuning that the drift values vary in proportion to time. In

this survey, the drift was less than 0.2 mgal/day.

(3) Terraln Correctlon

A topographic 1rregular1ty (hlll knoll, slope, valley, etc } exert

. an 'graV1tat10nal attractlon directly proportional to 1tb density. It is
: necessary to compenSate such effects, if the topdgraphic features are

' lose enough to cause dlstortlons in the cbserved gravity, -Accofdingly,

the dlstortlons by topographlc 1rregular1ty closer to the station have

to be corrected in more detall

'The standard procedure of making corrections for such d1qt0rt10ns is

. to estimate the average altitude within. each d1v131ons shown in

.Fié.II—5. Digitai computers are used in common to calculate the correc-~

tion values,from_the grid data of altitudes on topographic map, by

_dividing' thé area éround the station into three groups, namely, far,

middle, and near area.
i) Henmer’ s Method-
. The terraln_correctlons of far, middle, and near area- were calcu-

lated by Hammer's method. as shown the follow1ng form:
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Ag=22Gp/n (R R, + (R, 7 +H?) 2 = (R2 7 +H2) /2

where,

g :terrain corrcction value(mgal)

-G :gravitational constant

p :correclion denasity ( g/ ¢er’ )

R, :inner radius of the division(m)

Rz :outer radius of the division(n)
H :altitude of stalion(a)
n o numhér'ﬂf the divisions

in & same eircular ring.

The average altitude H of each division is estimated with surround-
ing four altitude data of the grid points, Hi, H2, Hs, 'and‘iHa,i'illus—

trated as;follbws:

H=H, + (-H.z"‘Hr)_X/'SX
+ (Hs _'"H_:_ ) ,Y//.S)." ] - _
+ (H, +H, —H, —H3 ) XY “Sx Sy

ii) Sketch Correction

The topégraphic features along the direction ofimaXihum‘topogréphic
undulation in a radius of 30 m at each station were éketched; By using
the sketches, sketch correction was calculated with:HifosHima’s'method
(1978, Hiroshima et al.). Expression.and schehatic figures are shown. as

follows:
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®
AP;¢2GpS- (a1 (R7 —x?) / (R* +h?)

n

—taoh ' (R? ~X*) / (R? + (Xtan A+H-h-Dtan §) * | | dX

whero, g :sketeh correction value(sgal)

G :gravitatibna! conslaﬁt

7 . correction density ( g7cn® )

D :distance fros station to-cliff{m)
H : height of ¢liff(m)

g :angle of inclination of eliff ¢°)
R : referred range for calculation (30 a)
h: hqighl of the yoiéht

‘of gravizeter(0.15a)

Since the range of terrain correction in this survey include water-

. eovered area, the éltitude.of'the water bottom was read and estimated

“the- terrain correction by removing the gravity-effect of water-mass.

" (4) Elevation Correction
“This correction consists of three parts:‘lj the free-air correction,
which accounte for the fact that each station has:a different distance

from the earth’s benter'to the datum plane, 2) the Bouguer correction,

which removeé the effect of a presumed infinite slab of material between

the horizontal ‘plane of ecach station and the datum, and 3) the atmo-

~ sphere. correction, which removes the effect of the atmosphere.

. Free-air correction: Free-air correction is estimated by the follow-

ing expression:

B=17



Adgy =go (1-R? / (R+H) ?} = (2g0 HR+go H2) / (R+H) ?
0.3086 H wmgal

I

where, f£o: gravity at mean sea level
H: altitude of station

R: average radius Of the eafth.
Bouguer correction: Bouguer correction can be expressed as:
Adgas =—2x2GpH+=— 0.0419 o0 » H mgal

where, G: grayitatibnal-constant
H: altitude of station (m)

o: density of slab (g/om3).

Atmospheré correction: :Atmosphere correction can be'obtainéd from
the average afmospheric-density model b} uge of = the integral for the
 range 0 to 50 km. As shown in followiﬁg figﬁre, the relatioﬁ between
atmosphere correction and the-altituae'of tﬁe stafion;can be aSsumed to
be linear function ranging the altitude of less than 3 . Thefefore, 
we can express as the following form: agal
Adg 3=w0.87——0.0965>€10"3fi {mgal) 1.0

0.87™\0.87—0.0965x 10" *H .

0.6

0.47
6.2

where, H: altitude of station.

atmospheric
_gorrection

O 4 4 5. g 10"

altitude

"I -~ 18




BRecause free-air, Bouguer, and atmosphere corrections are functions

‘of the altitude of station, they are called elevation corrections and

can be expressed as follows:

elevation correction: g = Jg, + dg, + dg;
= (0.3086—0.0419~ o —0,0965x107%) H+ 0.87 {mgal)

.(5)‘Laﬁitude'Corre¢tion

Because of its rotation, the earth is not actually spherical. The
shapé can be'approximafed as an ablate spheroid with an eccentricity of
1/297. Both its depértﬁre.fromISphericity and its rétation cause the
earth’s gravitétidnal acceieration.to have a maximum value at the poles
and a minimum at the equator. Therefore, the variation of the éravity
value as a function of latitude of the station is redﬁced by using fol-

lowing International Formula on the International Eliipsoid.

r={a v sc082¢ + b 7vesin?¢) / (aZcos?® +b2sin?®) 2 {agal)

where; a :equatorial ;adiﬁs of cllipséid of-reyoluiion ( 6.378.14km )
b :polar radius of ellipsoid of revoiution ¢ 6,356.18kn )
¥ ¢ vnormal gravity at ihe equator of e;fipsoid_of revolution
( 978.032 gal) '
yp :porsal gravily al the polar -of ellipsoid of revb]ution

( 983.218 gal)

This is the Internatipnal Gravity Formula of 1967, which is adopted

by IUGG. (International Union of Geodesy and Geophysics) as the expres-

sion giving the normal gravity.
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In practice, the expanded equation of the above is commonly used as

s

the case of Phase I1 gravity survey :

y o= 978,031.85(1 +0.005278895sin" ¢ +0.000023462sin% ¢) (ngal)

{6) Densities of Rock Samples

The terrain and Bouguer corrections for the reduotion of gravity
data require the knowledge of “the densities of the. rocks near the sur-
face. Furthermore, . the assumption of. detalled underground density
structure is necgssary for‘the'precise analysis of the data.

- In tﬁis survey, 33 rﬁck samples’ were coileoted_ at the surface
(Fig.1I-4) and wet densities were measured. The,densiﬁies of rock
samples were obtained from the'féllbwing'expression;

Wa
D= -
Wa — Wy
where, p: specific density
Wa: weighf in air {after a day in water)

'Ww:'Weight in water

Table I1~2 shows the results of 33 sample measurements.
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(7) Reduction Density
: Bulk:densities for-twentyefive rock samples from ground surface
range from 1.86 to 2.79 g/em’. However, it is aiffiou1£ to determine the
'formation'densit& by only dengities from the surface samples.
_In this survey, the reduction density was determined b& the follow-

3 ing methods : .

i) Gravity céntour' maps were drawn Tor three different densities,
2.2, 2.4, and'é.ﬁ? g/cm’._ The correlation between gravity anomalj and
topographic .featgre is shown in the.following fable. The'gravity con~
tour'maps.with densities of 2.4 and 2.67. g/cm®  were illustrated in

Figures 11-24 and 11-25, respectively.

correlation between gravity
_ _ anomaty agd topographic feature
8 p=22 | p=24 | p=0.67
1)
A 8 5 2
2)
B 1 7 14

_ 1) -high gravity and high altitude, or low gravity and low éltjtude

2) high gravity and lov allilude. or low gravily and high altilude

The .density . value,. the gravity-contours with'which_shows the least
topographic effect is considered. to be the best assumption value, For

g%* the survey, the best density value was about 2.4 g/cm®.

'ii) The average density of twenty-five rock samples except ores was

meagured to be 2.55 g/om’.
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iii} Gravity is a function of the altitude of'tﬂe station. When the
altitudes aﬁd the corrected gravity values‘(after latitude and'téfraiﬁ
corrections and reduction of gravity.trends)'are:piotted'On X-Y' coordi-
nates, the inclination of fitting lineIShould'repreéént the average rock
'deﬁsity in the area. Fig.I1I-26 shows gravity versus altitude relation
(G—H relation} for this survey, where the density was estimated as 2.405

g/cm’ by least square fitting.

(8) Gravity Contour Maps

In order fb moke gravity contour maps, the gravity values trans-
‘formed at 75 m square grid points were used. The weighted second-order
prthogohal polyﬁomial is adopted_to estimate the gravity values at. the
grid poinfs. .The reference range for caléulation_of thé gravity values
at tﬁe grid points_ﬁas.ten times of ihe grid spacing. Tﬁe gfavity val-
ues were caléﬁlated,onlyrwhen.there ére more than six stations in fan-

like area of EQO_degrees with a center at the grid_pbiht.

1»2f5 Interpretation
The éktraction of anomalies associated with indi#idual 'subsurface
sources from an observed grav1tat10nal fleld requ1res fllterlng oper—
ations, In thls survey, the follow1ng technlques were used. S surface
fitting analy81s, speotral analysis, and second,vertloal derlvétlve ana-
lysis., Furthermore, technlqueq developed,by'Talwanl was used to estimate

two~dimensional and three-dimensional density structures.
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(1) Surface Fitting Ansalysis

Gravity' contour maps contain freqguently not only gravity anomalies

‘due to local geologic fentures in. the survey area but also gravity

trends by regional features,

In this'area,_the_graVity-trends.deéreaéed southward. The difference
of strike direction of gravity cohtoufs Eetween the northern half of the
area. and. the southern (E-W dominant in the south and NE-SW dominant in
the north) were observed. Therefore, third-order polynomial curve Z(X,Y)
were adépted to remove the gravity trends. _

‘Considering = gravity data at-grid points G(X,Y), we estimated three-
order surface fitting curve Z(X,Y).by leasﬁ squares method. Z(X,Y) and

the residual values were presented by following.form:

Z (X,.¥) =—16.4285 —0.88397836X + 1. [6256697Y +0.05999708X 7
+0.11390378X Y —0.06440390Y ? +0.01809535X
H0.08687083X % Y +0.09553135X Y ? +0.05844291 Y ?

(i?.eqidual Yaloe)=G (X, ¥) —-Z (X, Y)

Here coordinates (X,Y) were expressed in a Cartesian coordinate sys-

tem in t0p6graphic maps'of Dévision de la Cartographie and its X-axis

lies along the east and Y-axis along the north.

The results ‘are éhown in Fig.1I1-27 and Fig.ll—28.

(2)>Spectral Anaiyéis.-

'Gravity.'éonfdur maps in this survey involved anomalies with various
wave - lengths. 'By: trathsrming‘;suoh spatial'-gravity anbmalies in
frequency domaln,  i€:was ﬁdésibléjto éétimatefthe averagg depth of the

sources of anomalies and to eliminate gravity'anomaliés attracted by the
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source with spontancous avevage depth (Spector and Grant, '_ 1970).
‘Fig,.11-30 shows the' logarithmic energy spectrum of the gravity with

frequency, f (cycle/km), where the spectrum cen be approximated by using

two 'regreséion lines. ﬁrom the gradients of lines, thé average depth

(H) of buried source can be expressed by following formula:

I A logE

_4 T Af

In this survey, the gravity field could be seporated: into. regi.onal
component.. (a\ferége depth Hr=1,120 m) and near-surface: Gomponent {average
depth H#=162 m). 7 |

From the results of the spectral. analysis, the .spéctr'al' maps for
regi.onal and near-surface component were drawn. Iﬁ ﬁfaqtice, the .
regional component, Gr, was exprésse&mthemtically:;oy ﬁsing two aver<
age depth, Hr and Hx, and Kx, which was the "di.ffez;ences of the crossing
points between energy speétral axis and each regression lines as fol-

lows:

5‘5' G (&, 7)) ‘W (X—-E, Y-73) d Edn

5 5 WCE, n) dEdn

Gg (X Y)ﬁ

where, weight function, W, can be expressed a8 follows:

W (X, ¥) =

L fedo (Pef)

o 1eKs oe Yt 4T

27;.
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vhere, P2 =X2 4Y?2

Jo : Bessel funciion of first kind.

Shallow structure of spectral é.naly‘s'is, Ga {X,Y) is ob'tained.by sub~
tracting the regional component, Gr{X,Y), from the gravitational field,

% G(X,Y) as following expression:

Gn (X, Y) =G (X, ¥) ~Gx (X, V)

{3) Second Vertical Derivative Analysi.s
The second dérivative of a gravity f iéld can be shown to be the mea-
surements of the curvature of the field. Plotting the. second derivative
-_will_ _he_.ve the éffeét of distinguishing the grav.itational anomaly from
the local feature more conspi.cuously.
In prac.tice, after the corrected gfavity values are put on a map and
% (jdntour.ed,. the iﬁterpolated value of gravity is recorded at each grid
point, th'e.semratio:ﬁ'of whioh is denoted as 8. Derivatives are computed
at each p01nt from rings centered aroupd it. Averagés are taken around
rihgé héving re_spectiVe.radili_of 3, _,\ES, 25, and 458 as shown. in follow-
1ng fié.‘ufe. In this study, the spacing of the grid was 150 m, which was

a half of the depth of objective structure.
20/58) 26/59)

ZS : | £ (,f’zf_i)—\g;{ﬁS) Grid Data for 2'nd Derivation

g
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Derivatives are calculated with weight of distance as following
expressidn.

N

245

g, (6) = {36 g (0) "~72g'(_s) _—.32g(r/’2'3) + 8g(V5 %)}

{4} Three-Dimensional Simulation

Using reéidual- gravity_data at each grid point, two layered three-
dimensional'simulétions wére carried out. The density'éonfrast between
upper and Jower layer is assumed to be 0.50 g/cm®., - In practice, the
 least squares:fitting method can be used to fit the gravity :éﬁomglies
due to. three-dimensional rectangular priéms to therobservéd data by
- varying the thickness of the prism.. The dimension of the prism was 400
x 400 m. _ |

Considering a rectangular prism with its Cenfef at'ihe grid: point,
the vertiéél component of gravity at the gfid point 0 is .caléulated as

follows:

Ag=GpW? (1/ (R* +d?) % =1/ {R® + (Z+d) *) 21

where,

Grid Data G :gravitatiOHEJ.éonstaht

° (
R

R : distance to the center

T
1
- e
i

S S =

of prisa

o density of prisu( Ap =0.50)

to ihe'fop,offprl§m

W : vidth of prism. (150 m)
d : depth of the top bf prism.

o~ 26
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dgo =22Gp (Z- {(Z+d)? +W? /x) % +-(d? +W? /1) 172 )

The rvesults of the' calculation are given in Fig,II-35, where the

contour lines indicate the depth of the top of second layer.

(5) Two-Dimensional Simulation

Two—dimensional-éimﬁlatibns.wefe éarried,out along two sections thét
were ﬁerpendicular fo.fhe étrUOturai trend of the area;

_The. periphery of any two-dimehsional bodies is given'by a polygon,
The gravitational attraction caused by those bodies is compared wifh the
meaéured gravity. Finally, : the geometry of the disturbing.body is
édjﬁsted.froﬁ ﬁhé éta;ting mbaél autdmaticaily by ﬁsing optimiéétion
feohnique;

The_graﬁitational=a£traotion.is calculated by Talwani’s method. The

vertical cdmponent of the gravity, Gv, at arbitrary point .0 on - ground

due to a polygon with a volume density o is given by :

0 — X
‘ 3 (Xi.zi) '

(Xerl) n FA i+l X z
o =2 0G 2'5‘ ‘Y ey g X ¢ d Z
v Y o, N X7 17

e

.(Xn.Zn) o o vhere, o :density o
z . G : gravitational constant.

In practice, multi-layered models based on geologic informations

were used. The results are shown ih Fig.11433 and Fig.11-34.
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CHAPTER 2  RESULTS OF THE SURVEY

2-1 IP Method
2-1-1 Results of Apparent Resistivity and IP Measufemenfcs
Average apparent resistivities and FE values measured fof this pro-
"ject were shown in the following tables_ for each survey liﬁes and each
electrode separation n., Total average va'lueé in addi'tion_ fo the maximum

and minimum values for each lines are also tabulated.

Resistivity (Q+*m) : st. dev,
LINE{ o=1 | n=2 | o=3 | a=d | o=5 | AVE | MAX | MIN | o.
RI-1| 39.6 | 40.6 | 48.6 ) 574 | 676 | 49.9 11550 | 19.0 2.9
2| ser | oss | oend boese | oesa | vee fume | oass | ane
TF-1| 35,5 | 49.6 | 65,5 | 755 | 60.5 | 6.4 |228.0 | 15.4 | 453
o) 108 | oans | ostoa | 764 | oend | st Yaieo | 20 e | 3md
3 20 | 280 | 368 | 454 | sas 368 | 9% 0 | 166 | i54
RE-1) 597 | 8200 [13L2 | 1584 | 2022 | 1265 [ 9630 | 26,0 | 1253
a| se.5 | 450 | en1 | ses | s03 | sty | o | oens | sas
-1 285 | 38,8 | 4.9 {507 | 60.% | 458 | 89.0 | 221 18. 9
o 396 ) 5a1 | . 5'_ 3.5 | 86,1 § 66:8 f264 0.} 187 | 437
31 258 | 342 [ 425 | 403 | 56.3 | 4o | Lo | 143 | 131
0 165 | et osuefoaet | ane | a2 | s | o1n3 | 133
FI-1]120.5 | 1256 1087 {1129 |130.7 | 1196 [357.0 | 240 | 739
pfuesd fasar [eene |aee 4 [osas |asne Jeteo | ans | mog
AE) 546 | 68,8 1 80.0 | 923 {103t b o184 . R g

Average apparent resistivity
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&

& I‘E o). st dev.
L =l | =2 | =3 | a=d s | Ve mx' MK | o.
B0 |20 {20 (2.4 |29 |34 25 [66 |05 | L4
o [ [ jre e e s fae fos oo
YV R TR 5 W S T O O T B T A B O B
oLt fLd L e fLr e fas fos oo
polLt P fny L s jna e fos oo
-1 (L3 fLd (L5 {Ls (LT {Ls {33 ju0 o
po|na | Ls [Ls fLe fne | Ls fus jos ]| o
Wt | LT LT |2 T2 (26 {20 [3ad (L3 | 05
0o [ | e {as o [0 feo os | owo
votne s e fus Jue e s
oo lve fre fos s ur |t b (e ] o
F2-1 b2 7 [s 4 139 badlad [ deo sl 1o
oo e Jas fas fa fae [sofas | ono
TR R A PR FE T P B

Average FE value

‘Average (AVE); maximum  (MAX) and .minimumr (MIN) values of each

resistivity and IP lines are shown in addition to the standard deviation

{ 6n ). For example, the average resistivity value of Hajar HJ-1 is 39.6
chun-m fdr n=1, and the average for n:1 to § .is 49.9 ohm-m, with the
maximum of 155 ohm—m and mlnlmum of 19 ohm—m

The apparent re31st1v1ty increases as n 1ncreases {llke 54, 6 ohm—m

'for n= 1 and 103 7 ohmnm for n-5) for almost all the burvey 11nes oxcept

LM»Z,. EZ—l and FZ—Z, and ‘total average apparent resistivity is 78.4

From the Qomparison of the average apparent'resistivities among all
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the survey lines, the minimumm average appafent resisﬁivity values was
obtained at the line IM-4 (30.4dohmmm), ‘and maximum average apparent
r981qt1v1ty'value was obtalned at the FZ-2 of Frizem area (253.8 ohm-m).
Also the average apparent res1st1v1ty'va1ues are as hlgh as more than
iOO ohm-m at the survey _llnes AKrl of Akhlij-Oukhribane and F2-2 of
Frizenm,

The standard deviation showszthe variation of each.values from the
mean value., - and the value increasses w&hen the vafiat_ion 6f data is
Severe; For example, the standﬁrd de?iation vaiues of FZ—I,. FZ¥2 and
AK-1 are greafer than othefs. showing that thetdata'of ﬁhose three lines
deviate mﬁré significahtly_than other lines. And the apparent resisti-
vity vaiues of IM=4 can Ee estimatéd fram the table fé be low with amall
deviation. |

The average fE value also.inCreases with_the_increase'of n, and the
average value of all the measurements is 1.9 %. More than,4:% FE values
were obtained on the three survey lines HJ-1, IM-2, FZ-1 and FZ-2. As a
whole standard deviation of FE is Small, but the values more than unity
‘were obtained on HJ-1, FZ~1 and F2-2.

The results of the.surﬁey fér_each ares are expléined in the follow-

ing paragraph :

(1) Hajar Block (Fig, II-6, II-7)

The station ld of Hajar HJ-1 line was frbm 100 m wésﬁ of the shaft
of the Hajar mine,'ahd the length of the line was 2 km_northr.to south,
the main pﬁrpose of the survey of this liné was to check the vélidity'of
the resistivity and IP-mefhodé by carfying -out the sur§ey for -known
Hajar ore deposit. | | .

Figuré II-6 shows the pseudosection of the measured apparent resis-
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tivity and IP values. Low resiétivity values lower than 30 ohm-m were
observed around the station 8, and also this part had as high as 4 to 5
% FE anomaly. Therefore, IP method showed its validity for the survey.
High spparent resistivity values of more than 50 th»m were observed
at the northern. part of the line (staﬁions 12 to 18), and the values

increased with the depth, but the FE values of this part was as small as

-2 %.

HJ-2 situated 400 m east of HJ-1, and the length was 2 km north to

 south. Low apparent resistivity values of about 30 chm-m were observed

‘at - the stations 4 to 6, but FE values were as small as 2 %, and the low

resistivity.and.high P anomaly'ZOneS like that of Hajar could not - he
found in this - line. Apparent resistivity values of southern part

increased in the same way as HJ-1.

(2) Tiferouine Block (Fig. 1II-8 teo I1-~10)

The Tiferouine block was located 5 km east of Barrage Cavagnac, and

.made -3 resistivity and IP lines, namely TF-1, TF-2 and TF-3 from the

west to the east.
Thé length of TF-1 was 2 km, running from- the northeast to the
south-east, The low '&pparent resistivity as low as 30 chm-m were

observed at the shalloﬁ'paft of the south of station 8, and high appar-~

'ent'resistivity‘of 50 to 200 ohm-m were obtained in the northern part of

the line, As a whole,'FE'valués were small except around station 8 and

n=5 %here.aroﬁnd 2' % BE anomalies were observed.

The 1line TF-2 is parallel to the TF-1 and 1.5 km in Length. The low

apparent resistivity values were obtained in the southern part of the

.line, which -~ was' the same. feature as the results of CSAMT method. IP

anbmaiy could be'seen at around station 10, but since the values were as
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small as 2 to 2.8 and from the results of drilling nearby, this gnbmaly
seemed to be corresponding to the disseminated zones. Those drillings
were  done aCoording to the  results of airborne magnetic survey, and
found only disseminated zones around Tifefoune,

The line TF-3 was 1ocated about. 800 m east and'parallel to TF-2, ahd
2 km- in length. Airborne magnetic anomalies:havé beenwﬂiSQovered in
northern part of this line, and low resistivity anomaiy of CSAMT method
was found around stations 12 to 15. Low apparent resistivity of about 40
olm-m were obtained from.the surface to up to_n:ﬁ-io:S. The low appar-
ent résistivity'and,strong IP values were obtained near the station 14,

but the FE values were only 2.2 %.

(3} Akhlij-Oukhribane Block (Fig. II-11, II-12)

This block was located at the Z km north west of Tiferouine, -and 2

~survey lines were provided, - AK-1. was,the_longest 3.6 km surﬁgy liﬁe

amoﬁg_all_the lines, situating at the west of Akhlij and. the direction
was NE-SW: The low apparent resistivity values of-leés than 50'ohmfm
were obtained around shallow part of stations 25 to 35, Aithguéh this
low resistivitﬁ area was correspbnding to the result of CSAMT spr#ey,
the FE values were as small. as 0.53%.‘Theréane, it_.will :be _hafd;,to
expect the same type of‘orq,deposit‘as Hajar.:Véryahighkappafént_resis—
tivity values of more than 300:ohm—m were obtainéd around Staﬁidns 16 to
21, and around 24 The FE values of thls line were small except Stat1ons
8 to 18 and 22 to 25, where more than 2. % FE ~anomalies ‘were obtalned

The location of the former corresponds to.phe_magnetlc anomaly, but it

will be difficult to see any relations to the ore deposit due to its

high resistivity.

AK-2 was the 1.5 lm line at east 900 m of AR-1, Low apparent, resis-
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tivity zones were observed near station 4 to 6, where low resistivities

. about 30 dhm—m“'were observed from n=1 to 5. Although the lecation of

this anomaly coincidés to the CSAMT anomaly and airborne magnetic ano-

'maly, possibility of the existence of Hajar type ore deposit can not be

"expected due to its low FE values of 2 %.

- (4) Lamrsh Block (Fig. II-13 to II-IG}
Four survey 11nes were prepared at the north to north west of Lalla
Takerkoust, and were pamed IM~1 to IM-4 from east to west.”

IM-1 was 1ocatéd.ju3t east of the main highway connecting Marrakech

“to Lalla Takerkoust, -and the length was 1.5 km, Low apparent resistivity
‘values of less than 30 ohm-m were obtained at the éhallow part (n=1) of

‘stations 5 to 13. In particular, the low resistivity part continues

deeper'_neaf the Staﬁion'Si'éhere.Fﬁﬁvalues were as large as 3.4 % and
CSAMT low resistivity anoﬁaiies.were also detected.

iM+z was prépared along the west side of the highway, 2 km in length
and N-8 direoﬁion. The results were very similar to those of IM~1, and
the apparent resistivity values at northern part Qf the line were
sméller than those of IM-1 and continues from n=1 to n=35. And the FE

anomaly was as small as 4 % at this low resistivity zone. On the con-

‘trary high apparent reéiStivity'and low FE values were obtained at the

southern part'df“thé'lihe, where mére'thah 100 ohm-m resistivity values
were observed at the stations 13 to 18:

LM 3 was “located at the west side of N'Fis river flowing from the

'Béfragé:Cavagnac; and the’lehgth”bf-the'line was 3 .km N-S. Low apparent

‘fééiStivity “aﬁom&lies' ﬁeré found at the shallow part (n=1 to 2) of the

stations 2 to 15-and 21 to 25. Detected low apparent"resistivity areas

’ﬁefe' well cOincide'With'thé'résulﬁs of CSAMT survey, and airborne mag-
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netic anomalies. Especially, at the stations b and 6, the. 1dﬁ resisti-
vity zone is as deep as n=5. IP andmlies of deeper part (n=3 to 5}
were obtained at the stations 7 to 12 and 18 td' 24. Since the values
were only 2 to 2.5 %, and. corresponding resistivity values were not so
small, these anomaly may not represent the Hajar type ore deposits. The
low resistivity area of aboﬁt 20 to 40 ohm-m arbﬁnd stations 22 and 23,
seemed to be the extension of thQ.low resistivity zone found in 1LM-1 and
IM-2. This low resistivity zone was well coincide with the CSAMT low
resistivity anomaly. _

The line IM-4, 1.5 km in length, situated about 3 km west of  IM-3.
Low resistivity énomaly of CSAMT method and,mégnetic anomaly had been
found around stations 6 to 12, and station.z to.S respectively. Apparent
resistivity values near the surface were fless than .ZOIOhm—m,_and
increased with depth. In particular, high apparent,resistiﬁity values of
more than 50 ohm-m were-observed at the stations 5 tOISFand,IO to 12 for
n=4,5. The average apparent. reéistivity value of 30 dﬁm~h wﬁs the low~

est among all the survey lines.

{5) Frizem Block
TWO _Survey' lines were laid out at the viilage_Ffizem. which was
about 16 km WNW of Barrage Cavagna03 The line FZ-1, 2 km_in length,: was
rﬁnning EﬁEwWSW at the nqrfh of Trizem, and FZFZ_waS_Z km iﬁ 1ength and
~ parallel to the FZ-1 and 900 m south., o

Appareﬁt resistivity values of FZ-1 fluctuated severely, and the

average was as high as 120 ohm-m. Around station 7, a dyke shaped struc-

ture with low resistivity of 20 to‘30_ohmfm‘and strong FE énqmaly of 5
to 6 % were discovered. Highef.apparent resistivity values were obgerved

form the east of station 8, but slightly lower resistivity values of 50
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ohm-m and high FE of 5 % were found around station 11 to 12, n=4,5,

The highest. average appatrent resistivity value-qf 250.qhm—m Was
Qbfained from FZ-2. High apparent resistivity values of more than 200
ohm-m were obtéined at the west of_station 10, and stations 14 to 15,
n=2,5. Apparent resistivity values of.leéé than 100 ohm-m, which were
relatively small for this line, were obtained at the shallow part.of
stations 12 to 14, and stations 16 to 17. Strong FE anomaly of more than

4 % were obtained at stations 2 to 5, n=3,5.

(6) Apparent Resistivity Map

Measured apparent resistivity maps are shown in PL.II-3 to PL.I1-7,
and measﬁred FE maps are shown in PL.II-8 to PL.II—lé. These plain maps
were made for reference purpose,.becauée in,éome area the separation of
each survey_lines apart too much to draw contour lines.

From the PL.11-3 which shows apparent resistivity map for n=1, a
high resistivity__zone-cén be seeh from station 20 of AK-1 to station 5
of TF-1, in addition to stations 5 to 12 of AK-i'and southern part of
Hajar. There were quite few low resistivity zones on the shallow part
corresponding to n;l; but less than 20 ohm-m were obtained at the north-
ern part of TF-1 to TF-3, and north-of.LM~3.

. 8imilar features are found for n=2 (PL.II-4), but the area of high

' resistivity zones increased at the southern part of-Uﬂ-2 and IM~3. For

n=3 -(PL.IIﬂB), high resistivity zone incressed more especially around
the middle df AK-1 line.

‘Southern areas .of Hajar and Lamrah blocks were resistive, and north-
erh areaéw;were--coﬁductive--for'n=4”(I&“II—6). In particular, southern
baft_of IM~2 showed very resisfi&e Zone.

The map for n=5 was similar to that of n=4, but the increage of
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resistive zones was clear, Low rESistivitf values of less than 30 ohm-m
were obtained only at HJ-2 and 1M-2.

The fluctuation of the apparént_resistivity values of Frizem Elock
was more severe than that of western area, and very_hard'to—represent
data as a plan map. The low resistivity zone of the weste?n side of FZ~1
seems to continue to FZ-2. But the high resistivity zone at the western

part of FZ-2 camnot be continued to FZ-1.

{7) IP Map

Maps of FE values were shown in PL.II-8 to PL.II-12, oorréspOHaing
to the separation constant n of 1 to 5 respectively. In géneral,.FE
values increased with n. There were 3 percent FE for n=1 at HJ-I “line,
aﬁd this high IP anomafy ZOoYe w&é more clear as the increase of n. ¥R
anomaly of more than 3 percent could be found at IM-2 forr n=4, ‘and at
IM-1 and northern end of AK-1 for nss. |

Small FE values obtained at the east of FZ-2 secemed to:coﬁtinue to
around station 12 of FZ-1. High FE'aﬁomalies could be seen at  the 'ﬁest
éide of FZ-1 and FZ-2, énd so the zones seemed tq be continuous from
south to north. But the cgntinuity of high FE zone of more than -5 %
could not be fully understood by using only two survey 1ines. This high
FE zone seemed td correspond to conductive area at ¥Z-1 but .cbrresponds

to resistive area of more than 200 ohm-m at FZ-2.

2-1-2 Two Dimensional Simulation Results
Low apparent resistivity'ahdrstrong IP-anémalies were'found ét HJ-I,
IM-1, LM~2 and FZ-1. The results of two dimensional computer interpreta-

tions were shown in Fig.IT-2 to 1I1-23 (PL.T{-13 to 1I-17}).
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- {1} Hajar Block

- Very low resistivity and string IP effeot were'obgerved_at arouﬁd
gtation 8 of HJulw“To investigate the structures of tﬁis anomaly, two
dimensional computer simulations were darfied out. Starting.from the
initial model constructed from the apparent resistivity ‘pseudosection
and'btﬁer informations, analytical model was obtained by trial and error
way of changing the model to fit:to the field data. And affer about 20
times of iteration; final analytical model was obtained as shown in
Fig.I1-19 (PL:II-13). Low résistivity and high TP anomaly of HI-1 was
well repfeSented by the model. For example, 30 ohin-m contour of the
figure well represents the feature of the 30.ohm¥m contour ﬁf the field
daﬁ& (Fig.11-6). As - the final result, the conductive structure of 12
ohm-m with FE of 20 % wss obtained at depth ZOO i of .Station, and the
northern  part of the strﬁoture Was:deeper—than the southérn part. And
thé'aepth_of the. 200 ohm-m feSiétivé’basement becomes shallower at  the
southern. part, and deeper at the:station'S where the conductive struc-
ture was anélyéed. That is the reason of:the.high  apparent resiétivity
of the southern paft 6f HJ-1. A'structure'ﬁith low resistiVe {15 ohm-m)
gnd relativelfjsmail FE anomaly (3%} was'analeéd around the stations 8

to 12, in the.50 to 100 m depth.

(2) ‘Lamrah Block -

Since low resistivity and,high IP anomaly values were detected at

Lamrah LM-1 and IM-2, in addition to the CSAMT low anomaly near by,

computer_simulétion was performed to check the shape, resistivity and FE

of the anomaly. The results of the simulation for IM-1 and IM-2 are

shovm in Fig.limzo and Fig. 11-21 respectivély. Low resistiﬁity structure

around stations § to 6 in Fig.TT-13 was well expressed in Fig.1I-20. The
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result of the simulation showed that the conductive surface of‘zb ohm~-m
resigtivity becomes deeper at station 6, an& beneath of = the layer was
the conductive structure of 10 ohm-m. The FE of the conductive structure
was 20 % at the depth of 200 m. The low resistive (10 ohm-m) and high FE
(15%) structure was.analyzed'at the depth'ZOOIm,'and the size of which

seemed larger than IM-1,

(3) Frizem Block _ :

The low resistivity and high FE (5 to 6 %) structure. was found at
the Frizem FZ—lf-Although the shape 6f the contburs-of]resistivity pseu-
dosection was so complicated that it was very difficult. to make the
1n1t1al model, the final - analytlcal structure was obtained after several
tens of iterations. :The simulated apparenta-r681st1v1tyﬂ contours well
represented therfield.data, but the-FE contour fepresentéd‘only high FE
part of the figu;e. A structﬁre-of low resiétivity'(ZO,ohm—m) and moder—
ate FE {3 %) was analyzed at statidn 7, depth 50 to 200 m, and beneath
of it was a structure of 20 ohm-m and 25,% FE. In particuiar,.there was
an analyzed structure of moderate resistivity of 50 ohm-m but high-FE'bf
20 % adjoining the conducting structure.

Highest average apparent r8313t1v1ty was ' obtained; from FZ—Z,, and

therefore, the resistivity of analyzed basement was as high as - 500

ohm-m.  The structure of moderate resistivity of 50 ohm-m and high FE of

20 % were analyzed at the west end of the line, and this structure seems

t0 be corresponding to.the-struoture.6f;station 2 of FZ-1,
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2—2'Gravity Method

The results of the interpretation are shown in the following maps.

Fig.11f24 Gravity Contour Map (0=2.4 g/om®)

" Fig.I1~27 Third-order Surface Fit Map

Fig.,1I-28 Third-order Reéidual Map
Fig.IT-29 Second Vertical Derivatives Map (S=150 m)
. Fig.IT-30 Fnergy Spectrum
Fig.11-31 Results of Spectral Analysis (Shallow structure)
Fig.11-32- Reéultsiﬁf'Spectral'Analysis {Deep structure)
Fig.I1-33 Cross Section of A-A’
Fig.I1-34 Crosé Section of B-B'

Fig.II-35 Structure Contour Map on the Top of the Basement

 : © 2-2-1 Gravity Contour Map (02,40, Fig.I1-24)

_ FigaII—24'sh6ws the Bouguer. anomaly map.obtained with reduction den-

ity 2.4 g/em®. | |
In this survey areas, Bouguer ancmaly values ranged from -37 mgal +to
-55 . mgal, 'whiéh.'decrease soﬁtheastward, Lineér- contours along E-W
direction in the southeéstern ﬁart of the survey afeajanleE~SW in the

- ‘northwestern part.. |

- The- featuﬁes- of contours deﬁeloping='to the'ndfth thwed the low
Bdugugr;anomaiy,'énd those developing.to thé SOuth shaowed high anqmaly,

because of the high Boﬁguer anomaly in the north and low in the south.

The charécteristics'of the gravity contour map were as follows:

i) 'Contours developed E-W direction around Tiferouine district. The

gravity attraétionﬂingreased northward to Oukhfibane district. with the
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gradient of 4 mgal /km.

ii} A high Bouguer anomaly zone spread along NW-Sii direction around
the south of Oukhribane district. Low anomaly zone that was roughly

parallel to the southern side of the high anomaly was recognized,

iii) Contours striking along WNW-ESE direction in the east of Akhlij

district indicated a high anomaly, where the gradient waé 3 mgal /km.

iv) Roughly linear contours with the gradient of 2 mgal/km striking
from Amzourh to Lamrah district were observed. Gradient in the western

side of these contours was gentle.

2-2-2 Third-Ordér Residual Map (Fig.IT-28)
Gravity contour map (Fig.II-24) was effeotéd By l&fge»scale and deep
structural trends. It is efficieﬁtly‘to-remove-these trends for tﬁe
purpose of mineral exploration with the depth of léss than “a few hun-

dred meters.

Thérefore, the " third-order residual values (Fig.If-28) from which

the gravity trends was removed were used to obtain fhe'sub~surfabe. den—
sity structure for’ this'survey. As shown in Fig.II“QSy-irregular and
complex contours were observea;.Gravity variations by'shallower- density
_ structure were usually exaggerated ‘that it was easy ﬁo compare ﬁith the
geological structure.

High and low Bouguer anomalies in the third-order residual map - were

as follows:
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i} Akhli,j High Anomaly

This high anomaly zone was:located from the nortﬂ of Akhlij to the
éoutheast. Despite the zone seemed to be. spreading northward in the
east of Akhlij, the feature of the zone ﬁas not clear at the edge of the
surQey”area. The values of feéidual Bouguer anomaly were more than 1.5

mgal , which was maximum in this survey area.

ii} Oukhribane High Anomaly |

Tﬁis Belt—like high anomaly =zone was located in the south of Cukhri-
bane, which spread along NW-SE direction. At the center of the zone,
the.feature of the gravity anomal& was massive. In the southern part of
the anomaly, ﬁhe direction of strike-axis was westward. The southern
part_ of this area corresﬁonded to the high apparéni resigtivity zone
obtained by the Iﬁ methdd..The maximum residual value exceeded 1 mgal in

the northern part of the high anpmaly.zone.

iii) Amzourh High Anomaly
The high anomaly formed a crude horseshoe shape in the north of
Amzourh. The meximm residuals are as much as 0.8 mgal in the eastern

part of the =zone.

iv) Hajar High Anomaly
A high anomaly zone from the gouth of the Hajar mine to the south-

eastern edge of the survey area were observed, where the maximum residu-

als ekceeded 1 mgal.

v)IWESt Oukhribane Low Anomaly

";This.trdugh—like anomaly zone, extended from the northwest of Oukhri-
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bane to the south. Furthermbre, the zone diverged from the west of Ouk-
hribﬁne. to the south-southeast, which was roughly'parallel to the Ouk-
hribane high snomaly zone. Massive low anomalies sparsely distributed

with the residuals of less than =0.7 mgal.

vi) WéSt'Hajar.Low Anomaly

From the west of Hajar mine, the trough-like énoma}y zone exténded
southward, and réached to the eas£ of Tiferodine;_ The*ceﬁter of the low
énomaly zone * with ' the fesiduals-of”léss'than -0.7 mgal ﬁas located at

the west of Tiferouine.-

" vii) East Lamrah Low Anomaly’

; Mﬁssive iow aﬁbmﬂly Zone was founa at'the.east.of Lamrah, The low
anomaly reached to the northern edge of thé westiﬁﬁkhribéﬁe low_énom&ly.
The residuals were lgss than ~1:mga1,-wﬁicﬁ:were the "minimim iﬁ this

survey.

©'2-2-3 Energy Spectrum (Fig.II-30)

The result of power spectrum analysis of*thefgravity“coﬁtQﬁr map
(Fig.I1-24) was expressed in légarithmic eneréy spectrﬁm 'as“'éhoﬁn'~in
Fig.I1-30. According to the two regressién lines of energy spécfium,
the spectrum could be divided to regional components '(ave;agé' depthﬁ
1,120 m) and near-surface cbmponents {average depih:'lﬁz.m);'f. |

In practice, the depth means the average depth of basement that

cause gravitational attraction. Therefore, the range of -the actual

depth may be wide. On the other hand,_the_depﬁh is also affected by
the configuration of density distribution. In the case of the = presence

of a widespread thin layér’ in near surface, the gravity attraction-shOWS
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a ldng—period in the energy spectrum, which is extracted to be deeper
structure.,
" The depths of the dominant structure for gravity attraction in this

gurvey arce were divided as following table.

T .
%§§ average range of
conponen o : shi i _
rpon t depth - | .. depth .re}gtiggthp W1§h_gqologlc feature
regional : ' 1 600m
component l-i207n1_ or more s regional geologic strucyure
near-surface | near surface | - undutation of basencnt
component 16% m | epom - average lhickngss of sedimentis
' ' o > densitly variations of rocks

2~2-4 Results of Spectral A_naiysis' for Shallow Structure (Fig.II-31)

Fig.I1-31 shows the rés’idﬁals excluding long-period gravity coinpo-

hent-Lfrom gravity contour map {Fig.;I-24} and exaggerating the gravity

:distfibution by shallowér structure with the average .depth of 162 m

~{surfdce to about 660"m). Shortwperiod_ gravity_anomalies,_showing
géntle_uﬁdulatioﬁs of éonfﬁurS‘ﬁn-Fig;II—24 wére cleared.

'.Thé gra§ity-distribution in this map indicated a dominant direction

of IN~S-~in' the - western part of the sur&ey area and E-W in the eastern

part.

5

2-2-5 Results of Spectral_Analysis_for Deep Sﬁructure-(Fig.II—32]
'Fig.II—BZ shows-tﬁé'gravity anomalies-excluding'short—period gravity

.j”cqmponEnt. of = gravity contour m&p (Fig .II-24) and exaggerating the éra—

I~ 43



vity digtribution by déeper.structure with the average depth of 1,120 m
(more than 800 m).

The feature of the long period component of the gravity distribution
can be considered to be tﬁe large~scale gravity trends around this area

and undulation of the depth of basement.,

2-2-6 Second Vertical Derivatives_Mﬂp {Fig.II-29)

The second vertical derivatives of a gfavit& field -showed the féa—
ture of the ourvaturé of the field and the shallbw' density Struétﬁre.
By considering the grid spacing of 150 m,.the map seemed to be réflegt—
ing the density_struétﬁre with the deptﬁ of few hundred. méters. The
boundary of the density structure was émphasized'by the steep contours
in this map. |

Inasmuch as the oﬁjective depth was similar, the.feature of the sec-
ond  vertical derivative map was similar to the results df'speétral ana-
lysis for shallow structure. Despité there could - be seeﬁ. a lot of
short period ancmalies caused by the density structure near the.surface
"in the Spectral'analysis'map, such anomalies were smoothed in the second
vertical derivativeé.map'

Gravity anomalies in this map was dominated alohg NW;SE:direction

around Oukhribane and N-8 in the east of Akhlig.

2-2-7 Structure Contour Map on fhe.Top of the Basement'{Fig.II;as)

The moét suitable'three»dimensionél density structure ﬁith a density
contrast of 0.5 g/cm® was shéwn in Fig.IT-35. The contours showed the
deﬁth to ﬁhe'gravity basement. _ :

From the outcrops in Oukhribane, Akhlij end Amzourh, the Hajar hori-

zon was considered to be the gravity hagement. The density contrast was
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decided by referring the rock samples.

The distribﬁtion of gravity basement was very similar to'thé distri-
but.ion qf high and low  anomalies ghown in three-order residual map
(Fig.I11-28).

Main configurations of the gravity basement were compiled in follow-

%% ing table.

Gravity anomalies in Uplift arca of bascacat | depressed area of basement

8" rd~order vosidual mag - 10 ni'orlfcss . 80 m or more

Akhtij H, A. |North Akhlij~EBast Akhlig

Northwesl Oukhribane~ -

North Tiferouine

e West L. A, | 7 SQuthwest ~¥eost
% Uukhribane Oukhribane

Vest Hajar L. A, Scuthwest llajar

horthcabl Tifcrou1ne

Eaét Lamfah L. A. ' — Fast Lamrah

the other ‘South Taguennza

~ H." A, :high gravity anonaly, L. A. :low gravily anomaly.

2-2-8 Cross Secthns of A-A' and B-B' (Fig.II-33 and Fig. II—34)
As the main strlke of the geologlcal structure were along NW~9E
E%j direction in the central part of the survey area, cross 'seotions were
| pfepared alOng'NEeSﬁ.'
Cross - seotidns of'theﬁthirdrorder residuals; density structure, and

-geologiéél'Struoture ﬁere illustrated-in'Fig;II~33 and Fig.II-34.
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As for the density model, the three layered model with the . first
layer . of 0£=2.2 of the Quaternary sediments, fhe second_laYef of p=2.70
of the Hajar horizon and the lower Imarine.horizon, and thg.third layer
of p=2.76 of the lower Hajar horizon was considered reasonable as com-
pared with densities obtained by rock samples. They . were ﬁamed: ldw,

middle, and high density formations, respectively.

i).Cross Seotion.of AFA’ {Fig.11-33}

Cross sectlon of A«A’ was from Amzourh northeastward to the south-
east of Taguennza. Low re51st1v1ty and IP anomaly Zone detected by IP
method was located around Lamrah, the central to the_northern part of

the oross section.

The third-order residuals along this section were ‘passing’ through=

the Amzourh .high anomaly5 gentle low éﬁomaly Zone aroﬁnd Lamféh, éhd
small-scale hlgh anomaly in the northern édge of the profile. The gfé—
vity values were commaratlvely longmper1od and small amplitude. -
Corresponding to the pogitive anomaly, an upllft of hlgh den51ty
Vformat1on to the 200 m depth and an upllft with 400 to 500 m around Iﬁnr
rah were estimated. 'The mlddle density formatlon upllfts to near the
ground surface around Amzourh. The low density' thin__formations were
distributed around Lemrah. Tﬁe thickness inéréasédtﬁorthwara,in'the
north edge of the profile. Low resisﬁivity and IP anomaly zones around

Lamrah coincided with the zone of less gravity variation;:'

ii) Cross Seotion of B-B' (Fig.II~34) |
The cross section B-B’ extended from the sbuthwest'ofaOukhribane'to
the northeast of Akhlij, which was‘paraliel to the cross section A-A’.

The cross section of third-order residuals along this profile - was
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passing through the west Qukhribane low anomaly at the west of the pro-
file, Oukhribané'high ahomaly.at the dehtral, gentle low anomaly, and to
Akhlij high anomaly. The graviﬁy values of this section were changing
in both amplitude and gravity wave length.

The depth of the high and the middle density formations was smaller
at the center of the préfile}' The high_density formation was conti-
nued below the low density formétidn in the south and was tilted to the
north at steep angle to the depth of more than 500 m in ihe central.
Despite the existence of the uplift in the north,; the fop of the high
density formation was analyzed to be the depth of 300 to 400 m. .The
middle density formation was distributed in the central and the north,.
The thickness of low density formation was large in the south and Smali
around Akhlij.

The gravity basement upliftéd.at fhe central paft' of the profile.
cofresponded, to the Hajar horizon. Area without low density formatioﬁ
coincide with the outcrops zone of the lower Imarine..horizon (Pelitic

semischist with limestone).
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INEAR] Using 150m grid data
M| RI ~ R2 "

' m m

1 30 ~ 100 6
2 160 ~ 200 8

3 200 ~ 350 10
4| 350 ~ 550 12

5 550 ~ - 800 16
6 800 ~ 1.150 | 16

7| 1.150 ~ 1.550 20
B 1.550 ~ 2.000 0
IMIDDLE]} 750m grid data
Nl RL ~ R2 n
- L {11 . 111}

1| 2,000 ~ 2.500 24
21 2.500 ~ 3,000 24

3| 3.000 ~ 3.500 24
41 3.600 ~ 4,300 24
51 4,300 ~ 5,100 24
6| 5100~ 6,000 32

71 6.000 ~ 7,100 32
81 7.100 ~ 38.400 32
9| §.400 ~ 10,000 32

[F A R} 3.000m grid data
M| RL ~ R2.| n

) om .om

1] 16,000 ~ 12,000 32

2| 12,000 ~ 14,000 | - 32

3| 14,000 ~ 17.000 32
4 | 17.000 ~ 20000 32

5 1 20,000 ~ 24.008 32

6| 24.000 ~ 28.000 36

7 | 28.000 ~ 33,000 16

8| 33.000 ~.38.000 | 36
9 | 38.000 ~ 44.000 | 36
10 44,800 ~ 50,000 36

Fig. I-h Annular"Segments for Terrain Correction
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Fig. 1-15 Apparent Resistivity and PFE Pseudo Section (Line L.M-3)
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