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g *o"sedlment, and plutonlc rocks of thel?l AmarrIdsas area*are

.Amar-Idsas tectonlc dlscontlnulty, a major N N W.\S S

‘_ with both tholelltlc (FeQ /Mgo 2 TlO

x:alkallc (Feo /Mgo = 2- TlO = 0 8%) basaltlc characterh

~are overlaln, unconformably, by a succe551on of meta,_

”1ntruded by a sulte of gabbros, dlorltes and quartz-rlch

R A I R N R AT A

?he Precambrlan (¢31100 500 Ma) metavolcanlc meta—\

N e r' o s,

'd1v1ded 1ntp two geologlcally dlstlnct reglons by the Al
~

-

”..trendlng hlgh angle thrust fault  West. of thls fault the

=

areatls underlaln by the metasedlmentary Abt Fgrmatlon

"whlch 1s composed largely of serLCLte— hlorite schlsts of

ande51t1c—da01tlc afflnlty, and subordlnate amphlbolltes

" s :

2 = 2%)'and calca

2 .
l§thS. .Jme Abt SChlStS were 1ntruded by asset of post S

~

tectonlc granltes K20/(K 07+ Na 0) 0 47 to 0 59 in."

"aSSOC1atlon w1th the development of zones of hlgh temper—

~

L e
&ature metamorphlsm._ Eastaof'the Al Amar—Idsas fault the

s 0‘ .-

K'O/(K O + Na'OYvaluesbetween 0. 16 and 0 4.’ The gnelsses

-
x

.volcanlc rocks of calc—alkallc afflnlty (Miggrga formatlon)

"r-.\ - .
.;, " . S . / el

-

and quartz—poor granodlorltes. Some of these rocks are

- ‘y&, .

“‘rldh in Cr, w1th K20/(K20‘+ Na 0) values between O 27 and

'50 41 ~The lower Halaban metavolcanlcs (Meherga formatlon)

P IR . . T
and assoc1ated plutonlc'rocks are overlaln by a succe351on

n
at

‘of sodaé h rhyolltes, dac1tes and pyroclastlc rocks

‘ Tt

(Al Amar formatlon)" In contrast to the post-tectonlc




PP Tre PN AN 14 KA

-Idsas reglon and lenses of~Serpent1n£¥e and hlgh Cr«Nl w

<The possiblllty remalns that the Ahﬁ%yar—ldsas-fault marks L

[

. ® - _:‘_ ;‘:‘:': . ". "z
ranltes west of the Al Amar Idsas f ult, those to the : ’
X fap

east ‘are less pota551c w1th KZQ/(KZO - Na O) values B o

~ o e N .
v ‘, N 3 . . (,.};r . )\u_ Co e . R . {-. .
around 0.37 -;mi’l i A:-3_ S o LT

Although ultramaflc rosks occur Ane the Al Amar—‘:

N ~
[y

carbSh te rocks located along the Al Amar-Idsas fault,.
a complete ophiollte'sulte'has fiot asayet been recognlzed o

the’ eastern boundary of an 1nc1p1ent back arc. ba31n de-

. . 2 -
Veloped above a westerly dlpplng subduction zone.
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T ~ 1.I. Introductlon : o e - T .
-gn : Rt b * . .- N ')7;' ¢ - .
The Al Amar Idsas faultk a maaor phy510graph1c feature .

&~ T : w1th1n the eastern edge of the Arabla Sh;eld has been ' . 4o

: R 41 1nterpreted as a colllslon houndary between a late Protero— N
. ‘f ,f£~0 ' zoic¢ volcanlc-arc and a~more westerly located contlnental T
| margln (Al Shantl and Mltchell 1976) .The~ alm of. thls\‘ .'f%‘.- o oEl
: - the51s 1s to evaluate thle hypothe51s through a compara~k 5: . ‘

- -

f EEEE ' /2/,study of the metasedlmentary and metavolcanlc rocksp’. ' R

'/; anq assoc1ated Ophlolltlc and granltlc plutonlc bodles, ) . ".f-
4o J,}-‘ 1ocated on elther side.of the Al Amar—Idsas fault e g
. . i', N - - " , *‘:“, . R . . . . \ - . A . ‘/ . X . ) “:i; ) . - '
~ . v . 3%; .:' . ; . - .. B . \‘.‘ e .

S ST 1 ' ’ . . g:..;%
. R ‘ \ The Al Amar—Idsas reglon 1s smtuated An the eastern ﬁ,~ Lt

A e AR - s
i | L, part of the Precambrlan ArablandShleld in the hlgh plateau : ;
; 'of Najd GFlg l),n Its geographlc llmlts are-j: ';;_.x :

" - .,/_‘_:a._ ,‘_;'- _in the North, paralle‘l 24° 30' T ‘

B < a“ \ . ¢ Lo AR S o

] v/ in the South parallel 22° 30';; \\ R

SN . N R LT

‘. \,g"ﬁ%g/': AT 1n the East, merldlan 46°_00‘; L~ L, s

; ! ,%"’Q&\v\ ’ - i g '_ . : 1 '.' . . -"_‘\\."
k- R ‘L"ln the West, merldlan 44‘ 30".§“~"¥- L Ce TS
5 - ;To the westb the thesms area is b9uﬁ8ed~b¥,the Khuff .. ... .
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r_ 5 - Formatlon of Permlan age. ) \_
B U;E The centre of the thesrs area i§_ about 855 km east. of . S
; ) and about 12 hours drlve from Jeddah.f Access to the the31s‘ ‘é
%f‘ C .T area can be galned via the« ollow1ng routes-' ;
B A --Jeddah -Fat Talf T 5 150 'km of\‘hlghway, C A e )
.+ At Taif - Afif o £.410 K of. highwags” . . ‘
: zf_ig-i Alshara -, - ;-185 km of highiay;  ~
. ‘Alshara - Al Amar : 110 'km of unpaved r,oad.
,.. B Rl)g.ydh - Al Quwaylyah :"20.9\’kin of hi'ghv}ay';. L
' ~ Al Quwaylyah - Al Amar : 36 km of‘unpaved road. ™ _
) C - From AdDawadml 1t takes about 2. SHhours to drlve%about’;vw
) lOO km souéﬁito Al Amar along a rough.road ‘ ~
; \- :' : . . v . "‘a e , . .-
£ - . - The nagnetlte de9051ts of Jabal Idsas are 51tuated - S
~ : *  near. the centre of therarea \whereas the’ Ab Amar mine is .
‘ located about 45 to 50 km north of the idsas magnetlte .
dep051ts. A ‘new hlghway pa551ng through‘the the51s area. T
f % km north: of al Amar’nlne is. under constructlon (1976). - - ‘?
. - B e - ) Lo

Thls hlghway w1ll»be a segment of the -main Rlyadh - At Talf

hlghway The the51s area ;s crossed from west to east by ) ) T

ey e N N

| S 'd e unpaved roads from which tracks passable to trucks and

.

N

_four wheel drlve vehlcles lead 1nto the prrnc1ple Wadls-
.'-&‘E- T -

-

° * ¢ A -t el - “ ’ . . .
"The Al Amar—IdSas region is characteriZed by a tropir‘

-

cal arld climate and’ ocours at an’ elevat;on of 700 m abovel‘4
’.“’ -...-e*

‘

“sea’ level Durlngwthe w1ntermmonths, temperatures fall

R CTE S

below freez:.ng po:.nt ‘at’ nlght (- 2°*n February)-. but* rev-“. '_ s

A

P R e T

(] .. . .
main pleasant durlng the,day (20°C). Rainfall is slight, .

Iy
.

~

bt el e e L | i X
[

. . . ,
N 1 “%\2 mz;:gé R
LY - K LR '\7 For sy )R{f&rz{.“n.
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and prevalllng w1nd5vare fr

om the north or hortheast.

- ~

~

In

- the summer,

the cllmate is

2
v

effected‘by\monsoon winds.which

~
r

bld@ from the south,

I3

- small scale tornados. The ni

[ -

durlng day the temperature
Humldlty is very low both
ion to ahout ten permanent
out the area, many semlper

found around the several W

. sometimes accompdnie

hyfhaziness and

e pleasantly cool but

re?cﬁés.43§b in the shade..

in winter and summer. In addit-

settlementgcscattered through-

manent encampments may also be

ells within the thésis area.

%

-

1.2.\ Geomorphology

’

* The voIoanic rocks gt

»

of- hlllS -of varylng helg%t
' Where the Halaban rocPs jax

the "relief is low. In jthe
P

may be more: than 300

above. the. plaln. - -: .

R

the Halaban Group form a series
' extendlng from north to south
e metamorphosed and schlstose,.

1

Idsas mountaln range, elevatlon

o~

Marbles. tend to occur as medlum 51ze hrlls or mount-

ains, as at Jabal Al Badr

'plaln.. . .
¢ . %

The north south trend

dered to the west ‘by a-lar

Al Aswad, ‘up to 150 m above the

*
-~ L] ~

.

ling Al,Amar Idsas fault 1s bor-

~

ge wad1 about 100 m w1de at 1ts

northern end (v1llage of Marjan) and fore than 10 "km w1de‘

‘at its southern end

- Silicified carbonates
ted'along the Al Amar—IdSa
40 m hlgh and 10 to 200 m

Serpentlnlte bodles i

'.(«-

~
~

of ultramaflc origin dlstrlbu—

s.fault form small hills 5 to .
long T °
s

n the central and southern parts

Ow ' -

PP e e Oy S T

-

=

.




3

‘cut by wadis running from west £6 east.

ation. ) - Coe . s L ‘

o«
¢

LA —_— —y

A . .- ‘ <

of the thesis arxea- mostly outcrop in the form of small .
L d N "" . A ’
’ hillocks, only a few meters high. . : . -

© The Abt SChlSt forms hills, sometimes eVeﬂ small.

—~ !

mountains, rlsing about lOO m* above the plain (Jabal Tals)
k-4

The major wadis w1thin the Abt schist’run north and/or

south gecause they are controlled by north trendlng foli-~

.
2 . . m

.Gabbros and diorites are distributed aiong north-

~

south trends and underlie low to moderate sizé mountains

rising up to 200 m: above the surrounding plains.

s - . °

. Rocks of the gneissic granodiorite ‘unit are found as
small*hillocks of weathered rock several meters high°and
are 1ocated-withiﬁ a large and‘highly weathered plateau

The younger §ranites'tend to be unaltered and there-
fore occur as high subrounded mountains rising sharply

from the surrounding plain. 1In some places, the height of

the mountains (Jabal Batran) is more than 350 m above the
N : o - L4 -' 3 -‘l “

plain. . - . - ' .-

lfq. Previous work ] "' t

-

’”Rocks of the Al Amar*Idsas region were flrst repre-

-~

sented on maps of the Arabian Sﬁ&eld by Bramkamp et aln

'

(1956 1958). They 1dentified the region as con51st1ng of

<

igneous "and metamorphic rocks, which Bramkamp et al. des1g—

nated by the symbols "m" and "s", respectively. The first .

-

modern geological 1nvestigation of the Al Amar—Idsas

. N s
> B . LN




"

o
.
1

region was carr;edﬁzut 1n 1962 by Huntlng Survey Corp.,

B . ‘- -

Ltd., and 3nvolved an alrborn magnetometer. survey of the

[}

Idsas range.. The . suryey was supplemented by a program

- ad v

;___’,SE,JOW altitude colour aerial photography of the area in

Idsas. magnetite deéposits and the

", 7 the vicinity of

. ancient Pawara~and Sel'b mines.(Aerocarto, 1964) . Thls

work was carrled out as a prellmlnary to a program of

l

diamond drilling started ;n!1965 by D.G.M.R. ‘at the Jabal
- Idsas maghetite deposits. Airborne magnetic‘and radio-

metrlc prospeculng surveys were also carrled out by the

" 'B.R.G.M: during the period 1965 1966 .
. ‘Early geologlcal 1nvest1gatlons»of the al Amar—Idsas

reglon were malnly concerned w1th the geology ofespecific

LIEN

mlnerallzed areas of the Al Amar—Idsas reglon. The con-

Pt 4,

trlbutlon of each, of these workers w1ll be. dlscussed 1n

the context of individual rock stratlgraphlc unlts de—

_— scrlbed:rn the succeedlng:chapters. ‘

.

~

- . . .

:1.4. Present work

Field work wasw.carried ‘out in the winter.of léﬁd

betweeh February and April. A preliminary analysis of the

thesis drea iuVOlvihg more than 12,000 séuare km,'was

accomplished by exahinatioﬁwof‘Eight aerial_photographs
at a scale of 1-100 000: 460. samples'Were collected'froﬁ
325 statfons, lncludlng 45 fleld orlented samples for

, structural studles, 279 samples fox, thln seétlon study,

-
s

‘and 170° samples for chemlcal aualyses. . : .
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20 to 30 km apart.

§arallel to the Al Amar—Idsas fault. o 2

.

Eight geologlcal traverses were conducted across- thec

"

'the51s area- 1n an . east-west dlrectlon and approxxmately

Sampllng was carrled out on the ba51s
of structural and’llthologlcal changes.. The longest
traverse was about 70 km 1ong (south of the” Al Amar mlne)
and 1ncluded 37 sample statlons, whereas _the shortest
traverse was only 10 km long and 1ncluded.only 9 sample .

stationsr 45 samples were collected from silicified

-

carbonate bodies iocated on a line -about 200 km long - )

.
. . ~

>




CHAPTER 2 - s

PR
-

. 7
- REGIONAL GEOLOGY . )
: - £ . . °

2.1. Introduction .

-

e .- The ‘thesis area.covers more than 12,000 square km of

the cenﬁral part of Saudi Arabla,\and located ‘at the

I'4

eastern edge of the Arabian Shleld (Flg ‘1), The Arabian

Sh;eld‘and"xts African counterpart; the Nubian Shleld,

e

have en separated by the Red Sea let.

-
-
5 .

. . ' Durlng late Proter0201c tlme (lOOO

ne

540 myd, the

Arabaan Shleld underwent a major cycle of deformatlon and

‘reglonal metamorphlsm, referred to*as-the Hijaz tectonlc

R~ e

'cycle. Deformatlon structures produced durang thls&cycle .

<

:ire\cnaracterlged by north—south)trends.! Later, durlng

¢ early Paleozoic time, northwest trénding structures were

generated 1n assoc1atlon w1th an 1mportant phase of north- -, .
west - southeast transcurrent faultlng (Najd fault system)

.

3 Volcanlc act1v1ty whlch occured durlng the. Hljaz

L cycle was eplsodlc and the varlous volcanlc unlts are

. r .
. ,commonly separated by conglomerate, pyroclastlc,

N - *
-

o . . N A

;} * oN . “ -

sedimen- -

" Plu-

~_

oo

tary and carbonate_rocks (Greenwood et al., l975);

) . . ' -
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B . - 1. .

tonic rocks of the Shleld vary in com9051tlon and age from .
. . ;'ﬂ dlorlte 940 my, through granodlorlte, 750 my, to granite,

550 my (Table l) The basement on whlch rocks of the Hljai
tectonlc cycle are thought to be dep051ted is p0551bly . .5 5

e

represented by the Khamls Mushyt gnelss a rock unit sup—: ' .o CLe

-

N
SV ORIy
) ¥

WA 2

vy A

TR

posedly older than 1000 my .

- <
i .« ¢

A ) ’ C e

Greénwood et al. (1975) proposed that the southwestern

part of the Arablan Shield formed by cratonlzatlon of

RS T K £

4’

lntra—oceanlc island arcs during the Hijaz tectonlc cycle
(1000 - 540 my). They postulated the~existence'of'a

northeasterly dipping subductién zone, on the".basis of a

PR

general 1ncrease 1n the potaSSLum content of more morth- - o .
B - | easterly located younger volcanic and plutonlc rocks.
o “Bakor et-al (1976), Neary et al (1976), and Nasseef
and .Gass (1977) have suggested.that the ultramaflc zones -
. of the Nublan and Arablan Shlelds of whlch there .are flve. ‘
.in the Nublan Shleld and a% least two in the Arablan
e, ' Shleld »represent rellcs of closeiy spaced oceenlc crust .

between 1sland arcs. These 1sland arcs have been formed

1n a manner analogous to those of the southwestern @&c1f1c

3

~

-region. - A ;'.a

?

- . R

Marzoukl (1977) concluded that the plutonlc rocks of
th‘lAl Hadah reglon are typlcal of those produced by sﬁb—

ductlon of oceanic’ crust under contlnental crust. Marzoukl

v

(1977) also suggested that the evolutlon of the Arablan

Shleld lnvolved colllslon of contlnental rocks separated
Q .

"
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" by closely spaced ocean basins. = ..

‘ - ) .'- ) ; : - -4.’;*5“ . . = .
2.2, - Reglonal strat;graphy PR o

' Thé rocks of the Al Amar-Idsas region (Flg 2) were ..

) conSLdered by B01s and Shantl (l970) to be equlvalent to : { -

the halabaﬁ’Group of the central part- of\the Arabian ffmnf ; -~
Shleld (Brown, and Jackson, l§60k§ The lithostratigraphic
successionvestabllshed by Bois ;hd»éhanti (l970),ls b?sed.
on their study of the As Sakhen area (zones A, B, C; -/

Fig. 3.; Table 2). They .divided the rocks into twg main

.llthostratlgraphlc grouplngs, a lower metayolcanic'group,

P

further subd1v1ded 1ﬁto three unlts, and?%n'upber meta-

sedlmentary group comppsed of a 1ower conglomeratid unit .

and an uppef“ﬁétagrayWacke unit. The ultramafid'ahd ‘

assoc1ated gabbroic. rocks of the Halaban Group were deSLg—
| ° e
_ndted as the oldest rocks in the area, although Bois and
E

Shantl (1970) allowed the p0551ballty that the ultramaflc
rocks mlggt be 1ntru;:;e\bgd;es formed penecontem rané— J

ously w1th or €ven later tha \the'a55001ated volcanlc
uhlts. These authors cons1dered “the rocks of the Al

o

‘Amar~Idsas reglon to repréSent an unbroken llthostratl-

[N "-x s .

graphlc succes31on of rocks. Accordlng to B01s and Shantl

} \J

(1970) the lower ande51t1c volcanlcs ‘(ha) - form a.cen—

tral aﬁtmcllne leldlng the younggr sedlmentary\unlt into

-~ ~

two parts (Fig. 2) Conglomeratlc and,pyroclast;c beds

ﬁiﬁ'{“ , T . b i ’ .

’ e
\

) ﬂcg) were fouhd at the base. of the sedfmehtary group. ~‘“.,& ) i'
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" Fig. 2.. sketch map of the- As Sakhen ared as
. mapped by Bois and ‘Shanti .(19.70) .

.
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‘hm= marble
. he= clastic graywacke
« ""tg= conglomerate
ha= aqdesit;c;ﬁlow
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* Table 2 - thhostratn.graphlc correlatlon,pof dlfferentw : :
o ‘ , workers in the Al Amar-Idsas region. o
I -
. - L . [ .
; « Pt i .. ] R -
. A w . . N -
. T : e )
| Boirs and Shanti Overstreet &t |  Thekair +(1976) ' T o : .
. ‘ (1970} ' al. (1972) L) L.
| Kak: et al. R o ++ Lithology - .
-3 - o (1972) . . .
» | o Clastac rocks, 2. Abt Quartz-sericite-chlorite and quartz- ’ N
N : gx:%y\'vackes, 3 Formation chlorite-plagioclase: schist, thin :
1 . : guirtzite and S . X layers of graywackec, argaldite, N v, B
% sSericite- o R ) calcareous quartzite layers, lenses . * .
v ;_chlonto schist | g and beds of marble . -
3
B . i T 5 - . A Lo - ’ .
] e | & Zreiba Gteenish brown YJraywacke., pebble | -
]_ . . -2 Formation conglomerate -to boulder conglomerate b o
1 . Y . :
o o Badriyah ° Green-brqwn—b]ack andesite;, andesite
. S“Pormation lithic tuff, agglomerate, brecciated”
2 - . andesite, hornblende schist
., (&4 . oY . N ‘ .
" e N 7 Abu Sawarir |- Green-brown ‘graywacke, -siltstone
b B - Formation grade to argillite,.thin calcareous
3 . - N Jayers, sericite chlox:xtc schast,
- . - n - quartz-serxicite- chlorxte schist, . R
o ¢ - g lenses of- limestone B
. o » K
- 3 . N ~
\ * € Fawara - Gray-blue, brown and-black, marhl
B . 3 Formation - sxlxcxflcd marble, grades downwax:d . o .
g : = - . into calcarcous conglomerate -
e = Conglomerate, ° fi Idsas -‘c. Conglomerate ,Grcen—brown graywacke conglomerate, = .
) . Nad pyroclastic ° A Formation: g lerises of gray marble -~ - o )
R i - rocks, and N - el o, e v, . . I . :
. R - marble . - ’ © 'l ’ -25’ oo . :
. . X N : - o e . : : . to.
. ’Rhyohtxc tutf, g. Wadi al Jifr]| ., Pyroclastic, ‘Red-vbrown, massive- to\ locally Y. . . .
. “Tignimbrite o Formation « agglomerate, sheared rhyolite, pyroclastic,. . ;
‘v . flows and . ) ,:.,‘ N N g and tuff . volcanic breccia ° o : -
. : marble . . L ) . . - .o ,
: . LF] ’ . * R -;,' . R . ) A .t
B Ande'uxic flows, | Jabal al .= Andesite Epidiorite, altered diorite and
. tuff and " - Egfool’ o flow, -} andesite, meta-andesite-and .
. . marble e R Formatlon . ) %lon.te-amph.\bole ‘schist : . y -
- S . . - . .
- . C Umn o e L O .Gray, dark green,- fine to coarse-‘ ! . .
|-% Mushraha grained amphibole schist, meta-* .
. - . = Formation 7 X . andes:.te, bxoc;te—hornbleqde . .
R .ooa . (I I gneiss, gray-brown-lenses of LG
. o o 7 . . . | silicified marble and dolomite . )
i . ) . . ] N - A N
" ¢ Hornblende- | Abt. Forma«~~"" . .
& g biotite tion = . -
‘f;:; granltc ‘w Quartz- | . . . . &
. ”" v gneiss £ chlorite - . - )
- a E schist and - g
- . ’ RN Y chlorite~ . : . .o ,
: . Z:sericite - . ’ U ’
. . . schist , . . \ .. ’
Ultramafic | . . ’ o
B ‘ »- ‘and serpen- i ' ' Lo : :
q, . P . ) i:"iynite-" T o .
Ultramafic ’ L " . . ¢ . '}
“and basic : ~ | . St %
. ® xocks ] .. -~ . v i : . ’ g g
P [ - , N . K
. ' SN
. . . . PR X L . %{g
. D - . L EE
: * y ’ . 4 £
i N . . .v . L - i . ..‘ . . ‘:
. . - - . - v A Y .:T, -
B B B T 1 VR S g‘—”m’v,,41.-\1"(«9'!U(“,.v/ws-.:tﬂ%ﬂ'«\T*" DN N T e N N B R A,»“,:‘-::.
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é;“ﬁ* S Al Kahrnet al. (1972)“and'OVer§treet et al..(lé?é)

[y - lelded the rocks of Jabal Batran and Bir Al Badrlyah L ) ’~4
M quadrangles of the Al Amar Idsasoreglon (Fig. ).1nto four,

g - "groups as;shown‘ln Tahle 2. The oldest group were con-

'3 - . - : ;*?:
4 ) - -"sidered to_be grdnitic gneisses forming a basement to
{l R A Mg ’ . - N . ~—

Jmetavolcanic rocks of- the Halaban Group (ua). The Bir’

<
4 . .

: o Khountina Grouq§'oéerlying.the ﬁalaban Group, consists o?

four formatloRS° . \ - S ) :

. - -

- 1) Idsas Formatlon (1c), composed of conglomerate and - _ -

+ ~ 1)

TR e A

cnlorlte metasedlments- ; - .

- 2) Fawara Formatlon (fm), characterlzed by -the, pres—

T R

. ence of- blue-black marble and dolomltlc marble, ’ L : g
3 . . f 3 - . L

e ‘& L
3). “abu Sawarlr Formation (sg),consrstlng of green to

FRlacTo i

! o, ) brown graywacke and massrve 51ltstone gradlng to -black - . .
el - A - . , R
T e argllllte, and ) ‘ . > L . ;J
& e ) ¢)~Badr1yah ?ofmation (ba) ,. composed of volcanic .

\ andes;tes, rhyolltes and assoc1ated pyroélastlc rocks.
‘ g%-.; A " . . : % .
- <« *. In the southern part (Zone B Elg 3; Table 2) 4. a "L

)
AN

fourth group of metasedlmentary roéks.was divided into a
¥
‘lower'unlt of graywacke and conglomerate with a chlorlte-

e ser1c1te matrlx ‘called. the,"Zrelba Formatlon" (zs), and an’

. . - o

oo o upper ‘unit of ‘gray’ to green graywacke, lamanatedmargllllte
, ' ] and calcareous graywacke, ‘which Overééfeet et al (1972)

j‘ . ) correlated w1th the main outcrop of ser1c1t1c schlst of

A =
AR

the Abt Formatlon (ac0 located west of the Al Amar—Idsas

c f ‘ . fault (Zone E; Flg 3) "Contrary to Boms and Shant1 jl970),
- ARl R B . . .

P

N _ . Overstreet et al. (l972) congideréd'both‘therconglomeratic,

o e - . . - B
Y -
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- R ‘Zriba Formation . .
2 _. Conglomerate
E A "
sp= .
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[ o’
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_©® 7= Volcanic andesite
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Favara Formation e

Marble and\ limestone <
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Precambrian
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.Abu Sawarir Formation . -
Chlotite sericite Epﬁist
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. Idsas Formation . v
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. . . Figs 3., Sketch map of Jabal Batran quadrangle (Kahr et .ag.
\1972)‘and_Bi;;Al_Badriyah,quad;éngle (Overstreet et '
al., .1972). Zones A~B~C~D'and E.are eéxplained on
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oy

~Asiha;llya district (Zone D; Flgs.

‘A‘ccording'rrto Thekair (1976),.

.cohglomerateu

and -Sh

(r972). o

Idsas (lc) and Zrelba (zs) Formatlons and the volcanlc‘

Halaban and Badriyah units to be 1ndependent rather than

-~ . -

correlative units. .

. s . ‘ » -
\ . . - <

Thekair (1976//§1v1ded the rocks of the.Al Amar+ - -

4

3 and,4) of the Al

‘Amar—Idsas.région into two groups as.shown in Table 2.

¥ .

the‘Abt schist fsc) repre—

sents the oldest stratlgraphlc unit in the area and is

composed of quaEtz chlorite schist and chlorlte ser1c1te

schist (sv) of graywacke origin. \The rocks of the Halaban

Group are'conside}ed to be the youngest\and'are composed

of a lower sequence of meta-andesite and: dacite and an
upper unit consisting of byroclastics, agglomerate and

Gabbfos (gm) and diorifes (dm) are intru—
> N . .

‘sive equlvalents to the older metavolcanlc»sequence. ,~\

'Thekalr S assumptlon that the Abt schlst is 01der than the

..W
Halabaf etavolcanlcs is contrary to the view held by Bois
AY M v
ti (1970), and OverStreet et al.

Kahr et.al,\tl972)

-~ -
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Group

Sh=
Shigran carbonate

B

. pv=
Pyroclastic,agglomerate <

3 da= .
Diorite,metadiorite
go=
Gabbro,metagabbro

. am= . )
Andesitle volcanics

-

. svis=
Quartz chlorite schist +
carbonate beds

? sc= - -
Abt schist
Quartz chlorite 'schist
um= '
Ultramafic rocks;pyroxenite
anq serpentinites’.
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: o~ CHAPTER 3 . N .

~ , .GEOLOGY AND ROCK UNITS

3.1. Halaban Group - ) . .

The term "Halaban Ande51te" was introduced by G. F. - -
Brown and R. 0. Jackson (1960) to deflne a mappable unlt
~ . in the d&entral and nogthern part of the Arabian Shleld_

. consisting predominantly of'fine-grained felsitic ande—

\ site. Ja“kson and others (1963) later utlllzed the name -

-..';

"Halaban Formatlon" to 1nclude not only the ande51te mapped

by Brown and Jackson (1950)! but also other unlts.conSLSt—

ing of  sheared and foldedL fine~grained ﬁg}sitic andesite,

aggloﬁerate, quartzite, graywacke and lécally interbedded ¢

marblé, and. rdyolite., J. Delfour (1966) introdﬁced the
\ - . . - . -
~ term "Halaban CycLe" with reference to. rocks in the north—

<

ern part of . the Arabian Shleld, and lelded the cycle into

PR A B . . . . : ) . E . K

. . ‘two formations: - I : \ ‘
Forﬁatign I flower‘Halaban), composed of alternations . :5;

of schist; quartzite, and intercalated marble and ultra-

h R

Fbrmatlon II (upper Halaban?“ cons1st1ng of alterna—,

maflc rocks, and

’tlons of ande51tlc—basalt1c flows, tuffs and agglomerates.

’ . -~ ~ L4 ’




Bois and Shanti (1%70) correlated-the volcanic rocks

‘of the Al Amar-Idsas reglon w1th those of the central part

of the Arabian Shleld and ralsed the Halaban Formation to

Group status. ~ ' SN

As a result of their works in the Jabal Batran quad—

rangle, Kahr:et al. (1972) refermed the metavoleanic rocks

of this area to the Halaban Group and considered them as

consisting of an unknown thickness of metamorphosed ande-

sitit volcanics, graywacke’aﬁo.marhle? intruded by hypa-
) . -~ ‘
byssal plutonic mafic and ultramafic rocks. Overstreet

et al. (1972) consider the Halaban Grbupﬁto"hnconformahly
overlie hornblende-biotite granite gneisses of the base-
ment complex. They have also shown -that the andesitic
volcanic and associated‘sedimehtary rocks are stronély
%lteredﬂby reQional‘and cohtact metamofﬁhism and'thereforé~
‘predate;much of the plutonic activity in- the area.:

- . - - - . - B N

The Haladban Group in the Al Amar-fdsas‘region forms.
a belt of mountains 4 to 20 km w1de and- more than 200 km

long, located to the east 6f- the Al Amar-Idsas. fault (Flg.

"5). North of Jabal Chellr‘ln the southeastern partgof the

thesis area, the Halaban Group appears to unconformably

o .. -
overlie gneissic granodiorites. )

i -

L ® - ) .
The lower part of the Halaban Grdﬁp,'here'desighated

as the "Meherga formatlon" after .the v1llage of Meherga,

’

consists of~ba31c volcanlcs overlaln,by a succession of
i
thin basaltlc.flows alternatlnq with tnlck‘andesrtlc

-’
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- flowsk. RQcks,of the Meherga formatioq'are metamorphosed .
L ’ - <. S N o . \ ‘
o ny e 'fY'. to amphlbdnlte grade (Plate 1- A) ) LT . ‘ M
: = oa - T :':“'" A o i . .o
N The upper part of the Halaban Group, deSLgnated as P .
ﬁﬂ'§§u_ﬁ o the "Al Amar formation"‘after the v1llage~of Al Amar, . .o
e 7 occuples a llmlted area 1n the.central and southern parts .
' U O£ the the51s area and 1s composed of sllghtly altered to ‘ S
T : S .',- - ;;,‘ . f. 3 .~~‘ . T oA, \ .-
z - - "weakly metamorpnosed ande51t1c and rhyolitic volcanlc
T rocks. _Ande51te dOmlnates‘;n the 1ower‘paft of the suc-
AR . Yo e - - T L. . -,
MR RN T ’ : . \ - ~
. . e N Lo . . .. \
. cession and rhyollte domlnates in thejupper part together
R J.with pyrdclaStic, aggLomerate,’volcanlc breccra and con-
T glomerate. {.- - - ¥ .o B ’ \ '
“%ﬂf AR ™ . . 4‘$& o '\ {“ﬁ;. - NP ) 3
L, . Gabbrq,.glorlte and granltic rocks‘commonly occur as . )
,\-_‘.‘ i . ) 2 n~ - o
e 1ntru51ons w1th1n the volcanlc rocks of the Halaban Group. s
LI ' R Y . N ‘ v
T The gabbros are domlnant an ‘the southern‘part of the area, .
N . R > -,, :7: B ) |
N ; whereas the‘granrtes,are more commonmln»the northern and ?
e . S » B I b DN - X LS |
- T . I - - T - . ) . |
. ""ecentral parts. U Lo \ " o
e - = \. .. “. : ,‘.:‘ . oy - . - N -;r’ "-u. @ .;J_ A P . Y ‘. - . . i
L. ST . . - SRSk TR : :
- > - LR . . .
Sl Q_~j' . Magnetlte depOSltS west.of Jabal Idsas are associated <L :
e \ w1th jOlnted fractured and strongly sheared ande51tes.. )
E: i The magnetlte forms lentlcular masses in which the long : N
B .

. Y, f\ . -
% AT axes are parallel to. the hinges of small folds in the

.‘", " Co r-}c\ - R M
o ande51t1c unlt.g Large bodles vf magnetlte have not teen

:_; found the magnetlte usually Qccurras gralns and 1nter—‘

Stltlal flllrngs 1n the ande51tlc unlt (Kahr et al., 1972)

.’v, R -
. - Te PR M . K4 .
PR I ‘ L o ©

e

3«2' *The terms basalt and andesmte are fleld terms used to
:_v . R desdrlbe quartz poor and " quartz rich maflc .volcanic .

. s rocks resPect1Vely e . L.
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Abdul-Aziz (1974) concluded that the magnetite crystallized
_1n1t1ally from a late stage 1mmlsc1ble llquldaderlved from

'anhlron tltanlum r1ch gabbrorc magma, but that it was

subsequently moblllzed durlng deformation and metamorphlsm.

Cu-ﬁn—Au ore bodles within the Halaban w re explalned by

B ©+ & Al Shanti and Mitchell "(1976) as volcanoggnic stratiform
« -‘ T, - h‘ ) . . e . \ . .

deposits mobilized and redeposited in fractures within®
g0 volcanic breccias and acidic rocks of'-the Halaban Group.

. ' . = . .

| - 3.1.1. Meherga formation
| The yolcanic‘rocks of the Meherga formation inclqde »
'both basalticuand andesitic rocks; The 'basalts', forming\

T 1aYérS'up'¢012 m thich, alternate,wlth beds‘bf slaté,

ﬁ' S . siliceous schist, pyroclastics and some marbles. The I "
'baealtzc rocks where metamorphosed to.-amphibolite are fine

. N : ’ M

. ‘to medium-grained and dark green in coldur (Plate 1-B). _*

1o SR ” NEE

R % -
In the southern part of the area however the 'basalts' are’ <
sometlmes blacklsh green 1n colour ‘and contain wh1te pheno- . e

crysts of feldspar about 0. Sgcm long. Locally, the e

0

. ' amphlbolltes are deformed and have the appearance elther

i . *of medlum—gralned dlorlte or chlorlte SChlSt dependlng

.

\ .
.upOn the degree of deformatlon, _Ve51cules are sometlmes_ b

aburidant (Plate™-C and 1-D) and small veins of calcite %d
J o - ' - 5
| are common,. T I o . .
r. . . f%he 'andesiteS' form a unlt w1th maxmmum thlckness A
B -’ ‘ . v

; o ) of 10’ km. They are invariably metamorphosed and sometlmes

¥ v

. ) hlghly altered (e.g. the southern and south central parts

- o ]

w

o




AL

an

g

‘Badriyah Formation

b

I . : - Y
. - . a
H

of the the51s area).

In the lower part of the Meherga formation; meta— %ﬁ.

' morphlsm increases to amphlbollte gradeﬁp The more meta-

-
RO N

morphosed rocks have a well developed follatlon trendlng

*

north-south and.dlpplng steeply 75° due east. Vertlcal

joints in Ehe volcanics trend north (5° te 10°) west.

~ -

. : ‘ -
. ) h‘&‘-‘ -
. In the south-central part of the Al Amar-Idsas region,
. @ - .

in(the area-between Jabal Idsas and Jabal Rugaan, ande—

"gitic rocks occur in contact with.and ‘east of the Abt

oo

%the Meherga formatlon. . - : - “ g;

RS

Pl

Pormation (Fig. 3). This belt of volcanic rocks was

mapped by Overstreet et al (1972) and Kahr et aﬁ' (1972y‘

g P

as the-"Badrlyah Formatlon" of the Blr\Khountlna Group

(Flg 3). in the soumhern part of the the51s area, ‘the ”““ﬁ**i‘

=

Badrlyah Formatlon is in contact w1th another more easterly

located metasedlmentary sequence, presented by Overstreet

et al (1972) and Kahr et al. 41972) as the "Abu Sawarir .
. ~

Formatlon" of the B1r Khountlna Group, but consadered by

B01s and Shanti (1970) and Thekalr (1976) as. correlatlvé

24

s

ot Q.

w1th therAbt SChlSt The Badrlyah Formatron is not in T

phy31cal contact w1th the Meherga formatlon of the 1ower
MF

Haﬂaban Group,,they are separated by the\Al Amar Idsas

fault.» However both groups of rocks are petrographlcally

- \

51m11ar and’ the Badrlyah Formatlon is 1ntruded by ga br01c,
- m.
dlorltlc and granodlorltlc rocks 51m1rar to those clttlng

i h

s

W g b s

"

3 ﬁuzp}’f}-:#’.&-g x
PoSaei N
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- : 7 If the Abt and the Abu Sawarir Eormations are coeval,
- # o then the’ Badrlyah Formatlon -may be older than both and is

perhaps stratlgraphlcally equlvalent to the Meherga forma—“

-
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©.3.1.1.1. Petroéraphy*

-

E are composed of plagioclase, hdrnblende, chlorite and minor
'3 ; ‘ ) . .. -
i amounts of. biotite, quartz, sericite, epidote, sphene and

'llmenlte. “Andesites‘ are'composed of the 'same minerals

as the"basalts’ but'also'have calcite and hematite.\ Im

s . . . m M - v . N . -
contrast to the 'basalts‘ the 'andesites' contain.l%ttle

?

if any blOtlte. o S

L]

- K ) ' ‘ - L
‘Plagloclase occurs as euhedral crystals of andeSLne and -
RN . = veE .. i;? . ) .
labradorlte, about 1 mm long and 0 5 mm w1de. _The tw&n . )
‘ Sy ‘
nlng is of alblte type. The plag;oclase crystals are’
~ wcn. ’ ) L R

sometlmes zoned nd altered to serlclte, epldote and/or

calc1te espe01ally at thelr centres.: Flne gralned plaglo— )
,: '; ;ﬂ; .clase makes . up about 25% to 60% of theamatrlx bf the ba— ;;1 8
BRF 1salt and andes1te<respect1vely. Tlny crystalsgare some—. Yy
é N g ",‘tlmes %olded and tw1sted 1n51de large‘crystals of quartz ) . '

-

(Sample 246, Plate 1 E), 1ndlcat1ng,that some’ of the quartz -

E ' '\crystalg are. porphyroblastlc, Spherulltes about 1 mm ln T

o . : = . R
z \ . T . : . \

P e ' L R » . oL T

i *THe petrographlc descrlptlons in th;s thesis’ are the o -
result of the study of many thln sections. The minerals \ '
described under this chaptér and theésother chapters are - .

not necessarily to be assoc1ated together in the same
thin section. :
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\ .\. . : ‘ " ) PLAT'E-]-‘ . . . '.v ‘(

i . , .
. . N o~ s o . ‘ .o
f~ " A - Bmphibole schist of the lower Halaban Group (Meherga
- formation). N R R
- N “ . ‘,' . . - l. - \"43" .-. . ; »
. B’:-Handepeodneh of the amphibole séhist:-'The,grainé,are
) ' oriented.inuone direction. . P . . R
’ g 1 - — ’
C - Vesicules in a handspecimen of basaltic andesite. The - ]
vesicules are pure. white in'colour when filled with T
. ’ calcite. . - - - - N, \ =~ T
‘ . ‘ . - - \\ .-
Y . ~ . L.
D -~ Basaltlc ande51t1c unlte of the Meherga formatlon con- )
. . . .
. taln abundant of ve51cules (south of, the ‘hammer head) . ) -
- A .- L. . A . e . - .
. . . ’ . . . % » .' N . .' .:‘ ", % ’ J ‘ ",
o E - Flne to medlum—gralned.chlorxte (CL) sc¢hist.  -Grains - . L
o S ' P
of plagloclase ‘are enclosed by large crystails of,qgartz T e e \
T L (D) in the southeastern corner of the plcture. -
' F —fFlne-gralned chlorlte (CL) schlst w1th spherplltesl . .
/ N . L /. : )
,about l ‘mm in radlus and made up of plagloclase (PL)
’ »@ * . T s // s B ' “.
and quartz (QZ) - o A s oo
\ . . ) o . .
" :
A

g;:!
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. pyroxene ‘are present’ in the matrix. Most of the.pyroxene .

\ ...M

i,

: laths or clots p0351bly replac1ng hornblende.

‘e
.\ v . \

~ . 3

B )
\ . . [
. N . . f e

'raéius are naae'up QﬁwplagioclaSe and quartzy(Plateﬁl-Fl.

_‘The Spherulites fmay“be formeé by fast crystallization of

feldspars and quartz around nuclel in a’ viscous magma be-~

fore 1ts eruptlon as a flow (Wllllams—et al., 1954 .p.

- « \ 4 - -
24) ' ' % .
Hornblende crystals are anhedral to prismatic-in shape&

about 2 mm -long and 0.5 mm;w;de; They are light brown to

-

greenish brown to light green in colour and exhibit two

y sets of'cleavage kPlate 2-2). 1In sample (283) , 'the horn-

blende - has evidently grown at the expense ©f pyroxene.

Hornblende shoWs subophitic”téxture (Plate: 2~B) , and sone-
tlmes 1s partly replacea by magnetlte.\ R
\ ,
Pyroxene occurs as anhedral to subhedral crystals of

hypersthene,—gbout 0.8 mm in dlamEter in both 'basalt' anrd
'andesiteﬂ (Sample5'228'\181). ‘They have a parallelf -.?b

extlnctlon ahdnsllght pleochr01sm. 2 few flne gralns of o

v

\ crystals are altered to chlorlte.

-

ﬂeb

Biotlte tabular crystals oﬁwllght to dark'brown biotite -

about 0.7 mm 1ong and 0 4 mm dee are common’ in the 'ba-

salts' S .- - >
- . : 1
chlorlte is very abundant and~forms prlsmatlc orlented

Quartz occurs both ‘as orlented anhearal med1um~gra1ned

B . -

crystals about 0 4 mim 1n dlameter, 1nvaf1ably exhlbltlng
R
undulatory extlnctlon, and as 1nterst1t1a1 flne -grained

\
-,

N A
crystals about 0. 1 mm in drameter (?late 2~ -C) . “The latter

- -
N . N ' ~
P

G

L

U

‘ Py S i

RN
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y : ' R ' ‘ ,ﬁ 29
are ﬁhought to have formed by metamorphlc recrystallisa-

o tlon of the former. The quartz gralns for@»about 2% of . -

- -

_the constltuent of the basaltic and not more than 10% of

N

2 L N . B -

the andésitic rocks. . - , s -

‘ M N

3 . Ca1c1te crystals are subhedral,

/)

. .

. \ . .
about 1.2 mm long and

(T Prq e e T

LT

FeY

', co%posed déominantly ‘of rhyollte. Downwards, the rhyolites

0.6 mm wide.- They are products of altered plagioclase.

Egldote is present as anhedral crystals w1th1n the plagio- - -

‘.

clases about 1 mm to 0.5 mm in dlameter.

Sericité is verggﬁlne—grarnedlkhas a high birefrengences,

and is usually*present in the cores of plagioclase
crystals. ** R T )

~
[y

Sphéne, ilmenite, magnetite and hematite occur as

- *

minor components of both 'basalts' and 'andesites’

3.1.2. Al Amar formation ' . S . O -

)

_% * The Al Amar volcanic sequence is about 5 km thlck and’ .

. N C- [

: are intercalated with andesitic rocks ‘'whereas upwards, the

- “ -

rhyollte passes into agglomerates, pyroclastlcs, volcanic .

- -

breCCLas (Plate 2-D) and 1solated beds of conglomeratef‘%_

~

’The Al Amar rhyolites are absent_from the area rorth and 4

: ~

sOuth_of Jabal Idsas as a result.of'deformation,ahd/or

! erosion.

1

:In the northern paAF of the thesis area,

-rhyolltes are flne gralned massive and 301nted

the

Where

weathered they are brownlsh to black in coloﬁr,but on’

fresh surfaces they are buff to plnk In the so'thern ‘-'_

- I . -t

part, the rhyolltes are often sheared and in. man places

- - §
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o o - 1

_éonﬁaine abundant disseminated pyrite. In ?hese cases
they are gray to light green in tolour on both weathered
and fresh surfaces.

o

. . 4 . N v .

-~ The rhyplitic:aﬁd andesitic units of the Al Amar

formation unconformably overlie the Meherga férmation and
. L& ) . )
- o associated gabbro-diorite-granodiorite intrusions. Local- -7

e ~

A~ Iy, in the northern pagt of the thesis area, rhyolitic =\

rocks rest uﬁconformably on diorite-granodiorite plutonic N
rocks. In the southern part of the area, andesites of_the

Al Amar formation uncoqformably overlie gnessic ' grano-

2 -

diorite.

.. - A conglomeratlc layer Jt the top of the Al Amar
L -

\ , formatlon contalns clasts of the gneissic granodlorlte of . .

>
Lo
11y

- the baSement complex and of the Halaban Grodp and associ-

) abed‘pldtonic roéks, including pebbles of gabbro, dlorlte, . .

granite and magnefite. The conglomeratlc pebbles are - 3

} about 0. 5 cm: in 51ze, but locally boulders of gne1551c' N _: T
N ’ T

granodlor;tes up to 10 cm achi%Eare present (Plate,Z-E), . .

. o, ! L e N . . T e - c. . .. . ) .
The conglomeratic layexr is .usually sheared and its matrix -

. '~ isg .composed of chlorité and ealcite. = o A K

3.1.2.1. Petrography. B

\ - : ' i Toa . , LT
. -ﬁhe Al.Amar.rhyolite which is thevdeminant rock type

in the upper Halaban Vblcanlcs is soda rich (Na O0/K,0 == R~
a

;_1.8 wt ratlo) and 1s compoeed of quartc, plagloclase,

and’ sécondary chlorlte, epldote, serlc;teh.21rcon, and

-
-

e e U TR ERT RN RN T e v e




_hematite (Platé 2-F). ‘ T o - -

"ly as fracture fl??ings w1th1n the plagloclase crystals e

tures in" the matrlx and phenocrysts.

o matrlx. -

Plagioclase occurs as ‘euhedral crystali;bf\oligoclase

(Aan)- the crystals are ahout l'mm'long and 0.7 mm wide

and’ commonly untw1nned .and zoned. Quartz occurs frequent—

!
which are commonly partlally altered to epidote aRd seri-
. x . ” *

cite. Fine-grained plagioclase makes about.50é of the

-y

rhyolite matrix. -

. L. ) - - - ' - o

Quartz is found as euhedral to subhedral phenocrysts often
N -]

exhibiting corrosion features. L . The gr%ihs are about 0.8
mm .in diameter and lnvarlably show undulatory extinction.

Locally as a result of deformatlon _they are crushed and"

have sh@rp edges. Flne-gralned auartz makes up about 40% -

¥’

of the rhyollte matrlx. Small velns of quartz £fill frac-

‘. L

Chlorite is present’ as- prlsmatlc crystals about 0 6 mm ~
. R4 ! -

long and O.l mm wide . fgese crystals are grav1sh green

to dark green in colour. The shape of chlorlte crystals

.

1ndlcatesthatthey formed at the expense of hornblende* o .

Flne—gralned chlorlte crystals are also. present in the

.
R . Q

groundmass. - : . - SR o o

\
Al

Egldote occurs either as anhedral crystals about 0. 5 mm

1n\d1ameter replacding. plagloclase or as fine grains 1n the<

LY

iy .

Ser1c1te 1s very flne-gralned has a high blrefrengence'

-

?nd occurs as an alteratlon product of about 10% of the

o~

o L . R ;-* ~
plagloclase. . S % :
N g ) . . - -
\ﬁ;“ . . N N i ) v
A P ) . . .-
N e e Lo o o
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PLATE *2-

‘A - Xenoblastic cryséals_of hornblende (AM) in the;amphi—
’ N . ¢ -

S il . .
“wmwgbole schis€.

The crystals are about 2 mm long, 0.5 ‘mm

wide, and,characterige& by two sets of cleavagé:® . .
~ =
B - Prismatic crystals of hornblende (AM) show subophltlc‘
© texture. The hornblende crystal grow partially at
‘the expense of pyroxené (PY[ﬁ o ‘ -t .
. @
Fine-grained recrystallized Quarbz (Q2) .
- Outcrop ‘of volcanlc brecc1a. The fragmenﬁs are angu- | e
lar and about:2 to 5 cm long. v AR . .o _ (
- Outorop of conglomerate. Thegpebbles are about 0..5 cm .
across. -West of the’ hammer head a pebble about 10 cm " -
is present. ’ IR ' - o s . ' e
‘Meaiumwgrained quartz (sz of the rhyodacite of the o .
Al Amar formation. The quartz crystals are euhedral - : : _;;
'to‘subhé@ral in shape. ; ’ ' U N o
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‘ 'Halaban Group, the orlentatlon of the two domlnant §ystems - o o

_ N 5°-10°E; the younger set lntersects the older fault at

3.1.3.

folds«plunge 10° to 30° to the ﬁorth s ..\‘ S f?;x'

related to the, Al Amar-Idsas faul

) angles ranghng from 40° to. 60° and strlkes N 10° 20°E. AV

\ oo o 4 *
. ‘. < N ? .
-

I HERN

ercon occurs as~very small éuhedral crystals enclosed in ) .
quartz gralns‘ . . T
Iron ox1des are developed by alteratlon of mafic . - tee

S

minerals. & :

/’g: ' l ) . . ' < -

Structure , . T,

in his study of thé area between Al’Amar
AT RN T o St e

in the west-and Al Quwayiyah in .the east found that the

- ﬁebert {1970)

structure of the Halaban Group wag,laréely obscured by . -~ *~ - e
extensive intrusions o“f"gr.ani_t:i'c‘roé].c.~ In the Mizil and

other areas, howeyer, plots of bedding aﬁd'a}%§l~planar

B < ' . X
foliations revealed the existence of three, sets of comple~

mentary tlght antlcllnes and syncllnes trendlng north and

northeast.}MIn;the cores of the antlcqugga granite is

always preeengﬁ whereas basic igneous rocks fnvariably . R

occupy the cores of the svncllnes (F1g él; The general

Strike and dlp of Jthe foliation in rocks of the Halaban o .

Group varies between N 20°W/70°W and N 20°E/72°E and the

Three well deflned fracture systems oceur in‘the'

belng N 42°W/51°NE and N 68°E/7LP i Other fractures»

strike N 63°W/36°SW ‘Twe sets o@wfaults are present in K
* . A

thes southern part of ‘the thes1s aIea. The older set. is %

and strlkes malnly r

,'.:{l’ w.l'"‘vh !
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{ J-Quoternory -~

3 Permon Xhott Formotion~"
B Postorogenic gramite ’
ggyrmoq:nw gronite

D ¢! Tphic DOSIC ig
#ocks”o! Holohon Formotion
{23 Meromorphic tocks of Halobon Formatiod

+ Antichine axis

-+- Syacline oxis

[ L] 3 .
1 H ML)

.t Westera® Synchene 2 Westera Artichae
3 Centrel Synchae 4 Costern Antichne
S Eustern Synchne
Polar dusgrams show poles to .u&d-u. 4
feustion plones

CoMachve Conovi fiograms shen B ons,
«.circla end cenivures pales to Dedding

0 ot toncnen siomes
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branch of the Al Amar—Idsas fault passes through the

;ﬁ’.

gne1551c granodlorltes of the basement complex and appears

,ﬁm

‘to dlsplace a dlke cuttlng the granodlorlte, southeast"of
\ -

Jabal Idsas,‘for about 1. Snkm.\ The younger faults dls—

place the older fault for about 3;km in the-southern part

S~ ‘e

‘ . }_ - -l Y
~3.1.4. Chemistry f . A

\' Chromlum content of basaltic rocks 1nvar1ably de-

-~

- _creases with fractionationm "Taylor (1966) showed that the

>

‘chromium content of ultrabagﬁc'rocks is 2000 p.p.m., ba-

ke .
.

- salts contain approximately ZOO'p;p&mv, and andesites

usually less than 50 pP. p m. ,Chromium'crystalizes early

-

as chromlte, andfls also contalned 1n pyroxene\and to a

.
- « .

~ﬁ§: much lesser extent 1n 011v1ne. Nlckel z;rconlum, yttrlum, %%

. ARS

\‘?‘ z

.3 Yes \
‘R - -
-t ,a os.

qukel de- a

; : il .-:'
\) .

Cr trend 1n the H la n Volcanlc r0cks~1s therefore con*”“

. - ,.\,' - \
. X \J’cv XY .‘ . s ‘ -‘ (
i 34

51d red towbe a prlmary 1gneous,var1atlon.

3% Y

W'vPlots pf 21rcon1um, tltanlum, phoéﬁh

<&

Al
»
3 t ') ny +

......

*All Varlatlon dlagrams 1n this’ thesms are. < Y
l) plotted”on natural logarlthm;cﬁ.gales-because thlw.

plays\the real fractmonatlon tréhds more clearly;
2) major ox1des are recalculated to lOO% (anhydrous) o

"theéHalaban volcanlc rocks .
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k)

-anomalous |
from the groups.

Plot of Cr agalnst Ni,
Y~of thé Halaban. roc¢ks.

z,

S ome

TiO

!

and

o:.nts are

. and therefore they were excluded
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groups* (Flg’ 75'

Group A - maflc rocks of tlie Halaban Group dlstlngulsh—

L

ed_byﬂa'tendency‘for titanium to increase With‘fractiona—z

o : -
Teion. L s e
\ ) . <o . : - . ‘
[ ﬁg*'Group B - méfic rocks'of the Halaban Groug_character—
?‘1 A

- One of the most common diagrams used to distingulsh

1zed by high values of yttrlum and zirconium.
g - A
?/ - Group C - mafic rocks -of the Halaban Group with- low.

- " N - TN -

values of titanium, nickel, yttrium, and zircdonium and

high values, of phgsghorousgrelative to the volcanic rocks

of group b.
\

~

w1th trace element contents 1ntermediate*between groups B

‘adﬁ C.

Il
3

!

\ .

4

.

i

e

et

“Group D_- mafic focks Jf the "Badriyah ?brmatiGﬁ“

W

B
There are no obVious trends in the plots of barium,
o~ L I - 2

strontlum, and rubldium against chromium (Fig 8)., proba—

Y

"bly reercting the mobile nature of”’ these-elements during

low: grade metamorphlsm and alteratlon.

basaltic rocks is the total alkalies versus silica-

.-

ever, problems arise-in the use ,0f this diagram when the
Aeta-'

rcumstances, most major elements

rocks being plotted havefbeen subjected?to ldwhgrade

‘morphism.

.

v

n' »

Under the

&=

[

-

"IV

“s

" and many trace elements are mobile during alteratlon

o

\-

-~

k-

H

3

5

a

s~

vHow—

’

*The trends of all variatigQn diagrams .in thlS the51s are |
not based on statistical technique or¥ regression equation.
They are 1nterpretations of the data as eleménts behave
durlng a normal fractionation process and also based on . \.
grouping together the samples that belong to the same
unit in the field. - .
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(Cann, 1969). However, trace elements such aS‘phosphorﬁ'

- . -

S ‘ous,-titanium,ﬁggrconium,:yttrium and nioBiumvaﬁs cone -
. .'." ) " . S . - ) -‘ . .v . e . .
sidered by Nrcholls-et al. (1971) to, be relatlvely 1m—‘ T 1.2
" . oo .

. - moblle durlng alteratlon, a p01nt of view also subscrlbed . %:

v

-

to by Cafin (1970), Hart (1973), Pearce (1975), Wood et al. . L

- . - A

(1976) , and Coish (.1,9{77)\ R

- ‘ " To~test “the mobility of various elements of the
. ) - ) ] -
‘Halaban Group, the trace and-major element concen;ratfgnsg_»/gs'* h

of the Halaban intermediate and basic'volcanips‘have'beén

% ' . ' ' . T . - - e
F, \

] an : plotted against their Zirconium content in'Figs. 9, 10, k. .
: ! P t

3 - ll add 12. Chromium, nickel and tltanlum tend to, de- -

i oL s o

crease whereas yttrium increases with’ 1ncrea51ng’21rcon1um

: '\_ -zs% (Fig. 9) as woéuld be expected ln fractlonal crystalllza— -
3
tlon.?ﬁFlgure 10 reveals no obv1ous trends. There i's no ;

marked tendency for 5111ca to Vary w1th 21rcon1um in any .
» ; s . ' .

. of .the four grou?s w1th the pos51ble exceptlon of Ehe

= R i

- o ) rocks of group D (Figures ll 12). ”Total alkalles tend C s t_ ‘-i

A

# to increase w1tH 1ncreasrng z¢rcon1um in groups'B and C : : -
. ) - :
\ ' ) whereas -overalil contents of alumlnlum, total. 1ron maAgan . \
. C P \ .

) a— -
ese calc1um, and magnes1um tend elther to- decrease or )

- -

.show. .no systematlc varlatlon. Although the trends for S : C

~

e most major elements 1s;not-very'clear, the drV1sion of

the Halaban Volcanlc rocks 1nto four groups is neverthe-

../ Z - . -
~ .

. less Stlll ev1dent. o : - , } e

RS R Plots of major ox1des«versus s;llca 1nd1cate that . i

. e — . H
e total ‘ironm, magne51um and ca101um decrease w1th increas=-

. c . : X . L~ S
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ing silica; whereas total alkalies show little change -
. e TN ST T : . .
;o (Fig. 13).- - L. S .

. . . . - -
. . . PR - [
.

Rubidium is one dflthe largé cation elements which
i R - . « -
tend to increase with fractionation (Taylor et’al., 1969)% :

- ) " Rubidium enters preferentially the potassium position in

Lo . - . -
‘mica first’, and K-feldspars .second  (Taylor, 1966) . Fig-

Jre 14A reveals a Strong covariance between paqtassium and

K]

rubidium.’ o T T T

‘Barium tends to°conceritrate during the late stages‘of
fractlonatlon due “to its large size. Barium enters K sites

i
i

- of pota551c feldspars and therefore tends to covary with

¢

L "rubidium QFlg. 143).

S Kuno (1966) ?lotted‘total\alkalies versus silica

-oxide to divide basic magmas into three tyfés: alkali

basalt; high alumina basalt; and tholeiitic basalt. Fig- '
. ' "ure 15 indicates that 'basalt’ Sambles (group A). are- -
. )

: l
" . located in the alkall basalt’ and hlgh alumrna basalt fields

_ the same as the rocks of group D. Groups’h and L. both are

&

located w1th1n the field of tholelltlc basalt except for
o . '_one sample whlch lS located in the fleld of hlgh alumlna d
. R~
baSalt. The value of this diagram is however doubtful due

- .77 - _to the altered nature of ‘the rocks. 7_‘?';/1'~ " ;J R -
= The dlfferentlatlon 1ndex, used ‘as a measure of rock *

- - -
R . Lo P

| i ":‘ ' baslclty (Flgure 16), reveals that srirca increase’s w1th

..,/ ~

dlfferentlatlon. Hutchlson 61974) stated that average ,H'”f
K rock types haveathe followang dlfferentlatlon ind}ges :"’ |
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Halaban Group plotted on an, A-F -M,dlagram (Flg. l7 A -

) .- total alkalles, F Terz é ﬂ?%‘b998 + FeO M= MgO) co—

o 'J

1nc1des with the ceneral trend of the calc~alka11 sultes.k

e“ -

. The volcanlc rocks, exhlblt llttle lron enrlchment reia—'

tlve to; magnesxum w1th 1ncreas1ng total alkall and 5111ca

Ly * . "n .

- content “-0n Flgure 17 . one rhyollte sample (zn 253) plots“

A N . Ea . .

well away from other rhyolltes.<.It is characterlzed by

- T

;’ high values of 5111ca (78 17y, total 1ron (4.74}ﬂ‘mangan— fV

es'e 0.20)," calc:Lum (5 08) and phosphorus (0.65).,‘and a 10_w

i o

et v, .

.Ai - value Sf alumlnlum (8 32) Thls sample 1s 1ocated on an

east-west fault close to a body of maflc 1gneous—rock.,. o

’
had PR

T;O is plotted agalnst PeO /MgO on Flgure 18 for the
e

'volcanlc rocks of the Halaban group. Group A'of the.

@FA T 'Ha}aban rocks,*characterrzed by a«well deflned trend along

. [N
' . . 4¢' -

whlch titanium lncreases w1th 1ncrea51ng Feo /MgO Group .

e = - " e, RV

a : - o Sl

B marked by increase of tltanlum then very sllght decrease_ga

I il . %»4. o - . r

'as FeO /Mgo lncreased Group&C starts w1th 1ncrease ln e

™

tltanrum then rapld decrease w1th 1ncreasmng Feo /MgO

Group D is characterlzed by decrea51ng batanlum w1th in-

. . - e

crea51ng FeO /MgO - e ?\_ T
%l .. . P . Y 5 \'k<~ .
- Jgf_;' Average abundances andlranges of major ox;des,.mlnor
_ elemenés, and CIPW norm values of the Halaban Group “are >

ﬁ-' —py = E_:d
glyen in Table 3.‘:ChemLcal analyses:of rockvsamples belong

- . )

M‘ "\

.

]
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to \Haldban Group are given in Appendix 20wy
‘ . 3 ’
@, P J ww s
’ . ' . = B
. ' . 3.2. Metagraywacke units . . ; N

. .o . - - ety . . ~

‘ . ‘ A... . N ) ’ "':\ .— _: . T - t ,ﬂ' ' = '

R 2 1. Abt schist SO

The Abt schist as: descrlbed by Bramkamp et al. (1956,
Map I- 212A 1958, Map I- 207A 1963, Map I- ZOGAL»and

Jackson et al. (1963, Map I- ZLlA) is composed of serlclte-

¥ chlorite schist, defived mostlytfrom sedlmentary rocks,
. K . « S : .

and minor amount of marble. The name Abt*%chlst first
appears on geologlc map I-270A, scale of 1:2, 000 000, of,

the Arablan Peninsula published by the U.S. Geol, Survey

‘f?

and Arablan American Oll Company (1963) The same unit‘ .- . L

mapped by ‘Mytton (1966) on Mlneral Investlgatlons Map "

g— -

* Ty, A
MI 4, ‘scale of 1:100,000, as "sc" Ts descrlbed as con- '
Ead

. sisfing‘cﬁiefiy'of‘quaitZHbiotite scn;et,.cnlorltejbio— i
m'wtite eohist and.Sericite*biotite‘soh}st.with abundant
™ pinch and swell 1ayers'of quaftz*lying within ch region;,
ai foliationt Nebert (1970) ‘mapped the Abt SChlSt .as W ll

follated paraschlst strlklng between NNW*and NW and dlp—-

it

plng steeply 90° to, 60° east or west Al Shantl (1973)

- ,Qmapped the Abt schlst as. tlghtly folded chlorlte SChlSt

e . .
' § w1th beddlng and follatlon mostly dlpplng to the east.-
' o

. E .
o B’

)

- .t i i - . .""7.;""

LT <Y 3.2, 1 l. Geology'and pé?rography '_-_'. ' xm”%u4 ’ - .

.
N N .« -

. ' - " The Abt SChlSt in’ the the51s area forms a belt of } .
\\iiffki\:" '.low hlils, about 30 to 40 km ‘wide and 200 km long,_v ’ _ )




) « < .. t“.'-- . .
locaté@.between the Al.Amarzgdsas‘fault~in.the east’ and a
- s T : . > .

belt of'post—tectonic granitesuin the west (Fig. 5). The .

aAbt 5chlst reaches a, max1mum w1dth of about 40 km in

e L

the central part/of 1ts outcrop area and a mlnlmum of 3 km

in’ the southern part = Sedimentary features such as cross
- T, w
bquing (Plate 3-A) are sti legreserved. To the north,

the "Abt schlst is separated £rom “the Halahan Group by the \ e

Al?Amar-Idsas fault, while‘i the central part, it appears t K
o -

to be in tectonlc contact with volcanlc rocks of the.

. - gy

o,
Badriyah Formation (Overstreet et. al., 1972). To the )

norghwest, the Abt schistsmared underlain either strati-

-graphically*or tectonically by| the Ar Rada@nyah formation,

I

an_ eastward dipping succession of quartgo-feldSpathic*"
- 'rong‘and-calCareous units,'in'luding.marble, £tharacter-

isticrogjshore,line facies (Al éh%nti, 1973).. : i

- ~ ° v

: The{western and,southwestern parts of the Abt SChlSt

1 ’ : : " ‘are charadterizéd by a -higher metamorphlc grade in the - -

- « « « Mo

‘vicinity of larée, elongated post—tectonlc gran1tes; Three

PR AT

et

. metamorphlc zones d@velqped fro ,west to east, they ‘are: . B
o L i - R

a - blotlte—hornblende .schi Lst: A medlumrgralned dark

.;~$ . [

e green ‘to brown coloured rock, composed of plagloclase,

blotlte, chlorlte and epldote. Quartz occurs as anhedral,

o
1
]
. R S ”

orlented gralns exhlbltlng undulatory extlnctlon, and as
‘. 1nterst1t1al flne gralned crystals formed by recrystal— o
;iiéation-of the forgerm -Hornblende‘oocurs as_subhedral“‘, -
. + . e . '. i ‘\ :' L . - N
o %,IJ‘ . w”*:A - - o

Y

.~ <o PFDRCHRIORAVATT X BRI KA T S W b oot o i S i

3
’
t]
e L
{

. crystals, brown to brownish green in colour ; ‘some “horn= L% ‘
!




’n:. blendeSmeppear to have grown at. the expense of pyroxene.

dﬁ-

Anhedral crystals of garnet are locally present and

\~almen1te and hematlte are found as opaque mlnerals (Plate
*--"w- . - A
‘. 3-B). ) . v . ) ' -

b —\chlorite—blotite schist: Fine to mediumﬁgrarned—

light green7to.light‘brown in colour; composed .of quartz,

pBagioclase, epidote, chloriteh‘tabular,crystals of light

.

to dark green hiotite and accessory ilmenite and sphene
i~ o gaen : Lo .

- -
°

(Plate 3-C). - . . -
. . c - ser1c1te chlorlte schist: A very fine- gralned
llght gray—to llght green coloured rock (Pla?e 3 D) com-

.

posed of quartz»exhlbltlngfundulatory extlnctlon, chlorlte

as. tlny orlented laths, ser101te, epidote as equlgranular -
! : g p L

crystals, plagloclase as altered‘crystals; calcite'eitheFJ
. . . @ %
. as grains or tlny velnlet, ana 1Imen1te as an accessory

\ 5m1neral. . e ' N ST LT
= - . . . . oo . e v

W N Lo . - = SR
. -Some biotite—chloniﬁé rich kayers.of theﬁAbt.schist'
. ~~ ) ey
in the central and nOrthern parts of the the51s area. may

. -

have begn orlglnally maflc lava, and the numerous quartz—

k3

Lo
)

e ffaceous marl- (Plate 3 E)..- o= L .

~ ) Ak - D _ » ’ )
abu Sawarlr Formatlon' . : . .

In the southern part of the thesis area, Overstreet'

et al. (4972) recoéhlzedsa weakly metamorphosed to un—

»

metamorphosed, medlum to coarse-gralned graywacke and

[RY -

calcareous graywacke, gray;sh green in colour with sedle

L v R R M

oy

I

I3
-

S calcite ser1c1€% layers may ‘have been calcareous shale and'




fopr
.
-~
~

o ' : mentary features such as cross beddlng and graded bedding™

Stlll preserved Qverstreet et.al.*(1972) called this -,

T

unlt the-"Abu Sawarlr" Forﬁation of the lower Bir Khohtina .
* 'Y . = L -

. Groug*junlt .89; Flg 3)
o Bois .and Shant1 (1970) correlated the Abu Sawarlr S .

'Formatlon w1th +the Abt SChlSt in.the north (unlt hc ~/

“Flg. 2). Thekalr (l976),'1n the area south of.Jabal * - -

P L M{nassa, correlated the schist sequence east of the ultra-
e ) - “e e
A : -~ mafic belts, mapped as unif sv, with the Abt 'schist (unit =
- < it ~

1. -
~

sc; Fig. 4).. - - : o ' _ .

- »

- o - * , ’ -« . . . "' )
? . . . L ~ % . * . ' L
‘ 3.2.1.2. Marble units - L. . . : 3§:
3 - - Eiﬁkelboom et al. (1966) mapped these marble unlts as -
- - . . ESSPY)
maklng up the upper part of an unmetamorphosed volcanlc ‘ . .?
\ ~ . -
T gequence located along the Al Amar- Idsas fault. " Kahr et LT

o

al. (197“) 1ntroduced the term Fawara Formatlon“'to\ln—"

» B

. .~ clude llmestonep dolomlte, marble .and 5111c1f1ed cigbon—

,“ates although they admltted that ndt all of these carbon-

ate rocks are SLmllar. =~ o . ! L

v

The carbonate rocks were subseqhehtly.dividéd-by

.o Thekair§41976)'ihto three grodpsi“ohe group,,which he

de51gnated as the Slhalllya carbonate, he con51dered to - o &

" be sed;mentary The two other categorleé&df carbonate ; *
- - rocks were refetred ‘to as the Halaban carbonate and the. - . .
. Shfgran“carbonate. The- latter are altered ultramafic

TLs 'rocks arid will be«dlscussed later.- ";\yj S SR o

_fﬂ'- o

£ ' .. ' Thé Fawara Formation (Sihailiya carbBonate) are blackvt<ii—;

K]




. \
;blue, and brown™ marbles of ‘sedimentary orlgln which 1n the

3

-_central and southern parts of the the51s area separate

graywackes of the Abt sehlst WAbu Sawarlr Formatlon) from

L-

the volcanlcs of the Meherga formation (Badrlyah Formatlon)

-

- The marbles form isolated lenses and rldges of varlous

i

= 51ze and shape. The thickness of"the“Ienses ranges from

v

IR NT wTT £ TR TSV AT AT

1 m to 1 km, the1r length from 20 m to. about 7 ‘km and thelr
~ ~he1§ht from~ 10 m to about 200 m aboge the plaln level.
o The contact of the marbles with the surroundlng country
rock may- be‘sharp or gradational. )

- . - : . »

In thé”bentral_and southeastern parts of /the Al Amar-

Idsas'region, the marbles have sharp contacts with amphi~-

'bole schistiand'calcareousrsandstone beds respectively.
i y - =3
fIn the southern part, gradatlonal contacts are found bev )

\ .

. tween the_marbles and surrdundlng calcareous clastics and

tuffaceous rocks of the Abt‘schlst (Abu Sawarir Formation).

«

. ' ’ At Jabal'AI Badr Al Ahmar . in the,southern part, the nmrbIe

-

',_ - . is. underlaln by a thin bed of conglomerate (Plate 3-F)
R !
\whose 1nterst1ces are fllled by carbonate materlals. These

Ty . N -
Ty o marbles are’ reddlsh brown in-.colour’ “on both fresh and

-, weathered surfaces. They are medl;;\;;\2153>g )

ained,
hlnly bedded andwgently folded. Coarse~to meZ:\\\éralns
\\\

north of -Jabal Al’Badr Al Ahmar, the marble is black 1n.~‘

i @ . B ) - ) . . . . ’ . ..5 7

- ing the spaces. At Jabal/Al Badr Al Aswad, about 7<§m o =




. v - ) . -
- K B . .
- PDATE 3..: .\ g " .
l’_‘i . ) ) ‘.
et co . . > ) L \ .-
) .* A - Graywacke of the Abt Fogmation contain cross bedding, : ‘
PR IS L . v ' T e ’ © < ¢ T
. - — . ¢ Jr P A\ .
- ' ” a sedimentary feature. ' '
) ” N . \
. s . ST . ; - .
™“B - Biotite-hornblende .schist consist of biotite. (B), .o
1 ) . . . [} L. . \ R . R . , ) : o
F hornblende (HD), chlorite.(C/Lk sphene (SPH) and ~ «
) ) w— . ’ - .' . ) . . '
s - ilmenite. - . i - - ) o7
. 8 , . . = g
- s C s ' . N ’ NP oo, ‘
# C - Chlorite-~biotite (B) schist consist of quartz, albite,- - o
- “- - T ‘ - - .
.chlorite (CL); epidote and ilmenite. The grains are , .
3 ‘o 1%" . . - N *
) very fine. . . s e

- . - °

v A
£ $o - -
ki =~ . . « - . .

4 D - Handspecimen of tﬁé'chld}ite—serig;ké”gchist with tiny )
' . e LT : :
4 ve1n&ets~of’éa;é1te perpendicular to the foliation vo
s . - . ' - - ) e
: ‘ planes.- o ’ 5 ’ :
. : , . e L et
5 R D . - . . K - . . -
_E ~ Handspecimen of folded calcarecus .and quartz layers of . -
e : . - Qe
the Abt Formation. '/ ~ - 9 .
F - Conglomeratic bed underlain ‘Jabal Al Badr Al Ahmar ) -
. marble. The pebbles are cemented by carbonate mater- ' —
- - < : T - )
- .~ ials. T R . Do -
™ e o Cwml :ﬁz <
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L

.

. colour .off weathered surfaces but‘dark gray to black—blue ‘ .

o
-

of Can t aAe w.

[]
,
‘A
TN

‘
,
[« 2.

Q

‘
:
:
1
A
e

colour on both fresh and weathered surfaces. ihe marbles

B

which are-&ocally folded are thick bedded (about 2 m) and

% ohloglaety g

‘very fine-grained (Plate 4—A). In the centrg} part of theu

tﬁesis area, the marbles "are buff, pale brown and gray in’
- ., «‘ - ~

N w )y

*

- o [

in colour ‘on fresh surfaces. ‘The marbles of the central 7

A b

¥ pogtiivay

part are,massrve- although locally -theéy are bedded gently

“we o

folded and contain-abundant calcrtervelns. .
P _* 4 - L 7 PN M ) -

2 : A s
~ #

X1l the marblés are composed of very fine—grained i oL
calcite'and)variable amounts of secondary crystalline' )
. . . ’ T . %
re . .
qUartz. Thekair (l976) found using x-ray diffraction
-

«

e r

W&N‘W"" CWGR) AT v, ‘»1.' K4

methods that dolomlte is .the predomlnant component of

these marbles. : ' .o .
- \ N ot (

Table 4 illustrates.the average and range-of chemical

.
-

.oy

};At‘h

composition of five marble samples.  The variation in

""x.
5111ca, magnesrum and, ca101um content reflects .the degree

of hydrothermal act1v1tymalong the fault plane at the base “

- .

of the carbonates.- Chemlcal analyses of 1nd1v1dual samples ¥
- of T ’ - n
- are. glven ih Appendix 3% R L . oe T8
Qg} , . ig . s . . h/’

The Abt SChlSt 1s tlghtly folded béddlng and folla—‘ Tt

~

>tlon boﬁh dlpplng steeply'east or west. The general strike

.

of the follatlon varles between N 10°E and N 30°W and dlp ~-" ,

between 55° east or west, and 90° (Plate 4-B) There are * -. :

B s -c"’.‘
AT,

three fracture cleavage systems in the Abt schlst Forma—

o
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- The'oldest.quartz Yeins are those strlking'no;th~south
para11e1 to-the foliation. 'They:areirefolded the sane as
the SChlSt (Plate'S -E and 5~ F),ryounger quartz velns how—"‘”
ever cut across the follaiaon and beddlng surfaces.*“The
quartz veins vary ;h thlckness between a few miliiféters

\

and 1 m, and in’ length from 0. 5 to 300 . Pods of quartz
“ R T
are also.present*(Plate'§4A). Most,of the,quart%;veiﬁs_:
are’white,in eolour, cleag'and‘hiﬁﬁy quartz veins beinﬁ"

Ca101te veins are less common than,quartz veins. but

> .

-rare.
1n many localltles both quartz and calcite are present "in

, the same veins (Plate‘GEB). .

- ‘ ) . . - ’ . Fow.
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Average abundances and ranges of ma]or ox1des,~m1nor
eelements, and CIPW norm values of the Abt schlst are glven g.

T . »‘ ¢

1n_$able 5. Two of the amphlbole schlst samples (269A- oo

. or
>y - :

“276) are‘basaltlcﬁ
\

tltanlum contents w1th*the TJ.O2 values comparableﬂnumerl—

cally to thelr FeO /Mgo ratlos. The remalnder of the N

V.

< * K

3&
samples (249 5\3\\\78AL are charactef&zed by low titaniuf

<

contents relatlve to FeO /Mgo and appear to be low pota551c

O
. v

calc alkallne—mocks. ’The more 511;01c rqcks (Slo2 ; 62

wt % to 733wt g) are low in tltanlum relatlve to FeO /MgO
~ - B A ~
but appear to be enrlched 1n nlckel and chrom;um relatave

6 A \

p———r—"
to 1sland~a c andesmtes from,Tonga (Ewart et al., 1972)
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PLATE 5

Illustrate different scale of folds inwthe
: o N . ) )
chlorite-sericite schist of the Abt Formation.

VA oo o
Quartd/ alblte, an@kégi;zzzelcrystals deformed

. -
and Folded™ Ln “a"thin section of~ qudrtz- ser1c1te

schisé.of“the Abt:Fbrmatien. .

4 .

Quartz veins azre abunda?t in the chlorite SChlSt

of the Abt Formation. 4 = - - -

.
" B . . o
3 =

Quartz veih deformed and folded‘w1th1n the Abt

“Formation.
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to strontium’and.enriched in ,total 4Aron, manganesej'magnesium

¢« -ahd calcium.

‘ . . . O

alkafzes, F =

Fe203

There lSnllttle iron

;diagram (Figl 20;.A' X 0.8998 +- FeO,

M = MgO) is of calc alkallne type.

.alkali 'and silica content.
. . AR

dlagram, was collected from an area whiclr has beé
AY

P -~

by an east-weést fault, and as a result may have been

’

pleted\in aluminium,'total aﬂkalies, Parium, niobium and

[4

- -~

- I4

-

: Chromium content.of the Abt sohist is plottéﬁwagainSt

Jthein'traoe element concentrations in Figures 21, 22, 23,

‘and 24. The“mwowmafic groups are butf&ned \'in‘the thole—

11t1c basalt group (samples«269A 276) there are no chang—
es in’ thenoverall trends except that strontlum 1ncreases

. and total alkalies decrease with fractlonatlon. In,the

-

calc-alkali’ basalt groug (samples 249 '7283; .278A) tltanlum, .
e h o

1

yttrlum, 21rcon1um, barlum, silica and alumlnlum increase -

RN . - -
w1th fractlonatlon but rubldlum and magne51um decrease K : ‘.

r g

wIth fractlonatlon, whereas nlckel phosphorous, total . B

2 P - [] -,

1ron, ‘and manganese show elther no or very~sllght varl— L

‘e M A

ation w1th fractlonatlon. Compared w1th the mafic calc

' alkallne rocks, the Abt metasedlmentary sthist is- enriched .

, e o ;:'tf;i
in 21rcon1um, yttrlum barlum, rubldlum, total alkalles . -

) .c.

and 51llca and depleted 1n total 1ron, magne51um, ca101um, \ R
. - | -
manganese, phosphorous and p0551bly tltanlum. The enrich-
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aggmnsthxﬂgw A1203, Fe0+

Mg of the- 1fferent gr‘éup‘s
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3 \\\\\\ : o 2
: ’ \\;' ment of the sedlments 1n slllca, 21rcon1um, yttrlum,
~ ~ = ] o .
rubldlum, and- total aIkalles relatlve to the calc—alkallne .

~ L
~ ~ N
N .

. maflc schlsts poss1bly reflects m1x1ng of materlal from - -

. . N ~ -
- - R both rsland arc and contlnentab sources. S
§ ‘_- .:\"__‘_*ﬁ_-_ﬁ . e ." . : ) o .‘ | L,
) =T . Major oxidés of the Abt schists are plotted.agaiggt\\\\\\\ .
_ ' their silica content~1?ig,~25). Alumina increases in the

.

. ‘-

ba51c rocks with lncrease in silica. On the other hand,

- - alumina decreases in the sedlmentary rocks of the Abt

. SChlSt w1th 1ncrea51ng 51llc Iron and magnesium’ decrease

in both, the ba51c and sedlmentary.groups with-increasing

Y

silica. Calc1um does not vary w1th silica increase in the'
3 \ ; ~

~ -

'baS c rocks whereas 1n\the sedlmentarx rocks, calc1um

~N

(varies.widely. :Total alkal{es tend to 1ncrease ln the .

ba51c rocks of the. Abt Formation with increasing srllca.

-

P . \ ) The gap between the ba 1c ‘and 5111c%c/rock§/kﬁ/£erms

of 31llca (Flg 25) suggests a dlfferent source for the . . -
. metavolcanlc aﬁaﬁaetasedlmentary Abt schlst,groups.

i ) s ¢ emlcal analyses of rock samples from the abt - g

, ) ST Formatlon are‘glven-in Append1x~4,~. . . N = . '::
S . ‘ . ] E

.L*\\; - R TR e C S
‘ '\”\\\\ 3.3, ‘Shigran carbonatgs”’&_ C S e e

. F’\ The Shlgran carbonates were mapped by Eljkelboom
\\\(\g

» 1966 A 12) as beds or lenses of”brown 5111c1f1ed marble
~\.. i N 2 A

5 ' occurrlng in assocaatlon w1th ultramaflc rocks located
along the Al Amar-Idsas fault.’ Eljkelboom (1966<A 14)

con51dered the brown marble to be of Sedlmentary orlgln

7y,

S
*
i

[
Y




.
»

_Thekair (1976) into three categories:

03.3.1. éeology :

) SChlSt.. o S S ¢

y o - ‘ Koo
YL Tl T e 18

“and compared it:with Ehe'T%nida marble of the Murdama

i

Group‘ 3015 and Shant1 (1970) 1nterpreted the.Shlgran

<

:“carbonates to be the dolomltlzed and 5111c1f1ed pafts of

serpentlnlte and pyroxenlte bodles whereas Kahr et al. .-

11972) and Overstreet et al. (1972) included both the

brown marble assoc1ated w1th ultramaflcs and the cle&rly

'sedimentarymmarblesMoverlaying the Halaban Group within

4 single lithostratigraphic unit the "Fawafa Formation".

The carbonate rocks of,this unit were .however divided by
- a-— Halaban Carbonate of sedimentary origin,
b - Sihailiya Carbonate of sedimentary origln,'

¢ - Shigran Carboﬁaté ofhmagmatig origin. - oL

‘3

The term "Shlgran" (1ntroduced by Thekalr, 1976) was
.deklved from Jabal Ashlgran~1n the central part of the

thes1s area, The most obv1ous feature of the Shigran

»carbonates is their allgnment along the Al Amar—Idsas fault

and, 1ts central and southern branches.. In the northern_
‘pagt, the carbonates,are found between the’Volcanio rocks
of the Al Amar fqrmation to the_east'and the sediﬁéntafy
Abt-schlst to "the west. .To‘the south thé éarbéné?sé are

found not only along branches of the Al Amar—Idsas fault

.
/ T ° e
Ce

(e g. Shlgran fault) but also occur w1th1n the .Abt

«
‘e

!

The Shlgran carbonates form 1solated, elongated 1enses

i




a ' '~..', . | | ‘. ‘_ 79 )

and/or sheet—Ilke‘bodieS rialnq.abqve plain levél (Plate

| I~ s -36263;, The carbonates-vary in size ftom‘lo'm to 1.25 km !
l,#i long apd 20°m fo 200 m thlck: Shigran carbonates-age"
yfia ',abundant in the central part oflthe'al‘Amar~ldsas :egion' %
. .between Marjan village. and Jabal Ruéaan, and.are less
( . ' frequently encountered to the north of Marjan v1llage and

3 . w s
: to the south of Jabal Rugaan. ‘ ’

Bois and Shant1~(1970) and Xahr et al. (1972) spec1~'
ffcally pointed out the spatlal relationship between ‘the
brown mar le and the ultramaf;c rocks west’of-Jabal Batran.

) Thekal (1976) reported that ultramafic rocks are associ-
— -J ;.‘ : * - - : - )
’ ated w1th Shlgran.carbonates only south of latltude 23°

L3N - :

-
.

In'the northern'part of the Al'AmariIdsas‘region} the.-

Shlgran carbonates are in contact w1th pyroclastlc rocks

C (Plate 6- D) and/or conglomerates along thelr eastern 51de oL, N~

2

and chlorite- ser1c1te SChlSt ‘on thelr western 51de. ‘In )
the central part of the reglon, the_carbonates*are in’ g ' ) ', , %ﬁ
. . contagt with conglomerate -and/er pyroclastic ‘and ultra- ' -~ - . - 7

mafic rocks on their eastern side, and'chlorite—sericite,' .o

~ Bl -

. - R
,'schist along their western side. Occa51onally, shlgran ' . ;.

carbonates are entlrely enclosed w1th1n the Abt. §Chlst.

Thekair &1976) found the contact between Shlgran carbon-.

'e . -

.:ates and the ultramaflc rocks to be gradatlonal. Eurther? ’

more, he found that the carbonates contaln smalligatches

of serpentinite as well as veinlets of serpentin€gabout
: " , P

'




lemm-to 1l ¢ém thickr The contact of "the Shiéran carbonates
' o .(Plate 6=E) are frequently brecc1ated the breccra zones

P

e ranglng ln thrckness between 5 cm and 15 M. The brecc1atedq*- .

o

zone west«of the carbonate con lStS of crushed and sheared

i
%

i chlorlte ser1c1te SChlSt Shlgran carbonate, quartz, and

calcite. On‘the other'hand the brecc1ated zone alonggghe

€astern margin of the carborate consist of Shigran car-

bonate, serpentine,'rhyolite, conglomerate and/or pyro-
clastic materials. ‘

>

% o

Calcite veins are abundant in the Shigran carbonate.

They vary ‘in size and shape but some are ev1dently frac—

. o
ture fillings about 5. mm to 7 cm w1de and 10 cm to lm

" long., Otherw15e, calcite occurs as- lenses ‘or pods.
-Quartz velns, which @re also’ common, cut aéross each other
’1n all dlrectlons, the domlnant vein type belng parallel

» " 4 S s,

. to the long-axms of the Shlgran carbonate lenses. Barlte

lvelns are also present 1n the northern ‘part of the the51s

Gpree

. area about 10 km south oﬁ Margan VLllage. Where,associ-‘

P o . ated w1th carbonates, the barlte velns ‘are about 5. to 10.
~ em wide and,0.5 tord m long. Some.veins haye'good crystals: -
" - o0 . r’”“‘ = N oo v

&£ ) - : -

-
e w0 f s ot

4

3

LA i

’, . N RPN

developed :along one side.

S Thékair (1976) found that Shigran-carbonate-consists

. .

_'of carbonate quartz, serpentlne, magnetlte, chromlte,

‘ chlorlte, talc and sulfldes. He also 1dentmf1ed u31ng

x-ray dlffractlon methods, magne51te dolomlte, ca101te , o

" . ~

and antigorite, . . -

n
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oo " 'PLATE 6 A . N
k _ & - Pod of quartz about 15 cm wide, 7 cm thick, and 25 ém- e
S . long. - T . : T
B — "Quartz.vein between two calcite veins in the Abt\ - :
. A e RN “ ~ -
. . Formation: ) . L - '
’ ) C - Isolated lenses of Shigrah carbonate along -the Al ’
! o ' e Lo L .
) Amar-Idsas -fault. ’ L ,' ) )
D - shlgran carbonate in contact with pyroclastlc unit o
. = below (at the hammen héad) and c 'or1te—ser1c1te Zchist
: . J i
) . on top. o - .
P 3N v L . : ” - B
LT e ' ST a#
G E —-Typlcal example of 311101f1ed Shlgran carbonate. - :
) : SeveQal veins of quartz,, calca,te,'and .hemat'lte are' x .
to- ) «spresent. .- -
, . .r . . _\’
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The average chemlcal(comp051tlons and norm values " of e

Shlgran carbonates are glven in Table 6. For tbtal rock -

LT analyses of Shlgran carbonates and barlte velns, see - .-
B - :_Appendlx 5. Ll Sy R )
; e T~ f

‘e L o - - N (

3.4. Ultramafic-.rocks.

- s . The ultramafic bodies of the thesls.area have been
studied or commented upon bQ: Schaffneé (1955;e1956b5,.
Maclean‘kl958a; 1958b), Directorate General of~Mineral
Resources (1959), Kahr (1962) , Herness and Kahr (1963);
Eljkelboom (1966 A 14 1966 a 15) , Lambolez (1968), BOlS

.,and~shant1 (1920), Kahr-et al. (1972), Overstreet_et al.
K . (1972), %ﬁukandy'(l975)' TH‘Eair (l§i6),-Zubelr’61976)
f3 ' and. Al Shantl and Michell (1976) The most conprehensive .c%?
- descrlptlon of the ultramaflc rocks lS by Bois and ShantlA" - :
(1970) who concluded that the ultramaflc rocks associated

) w1th amph}bolltlc gnelss, gabbro and; altered green SChlSt

B i 208 e

in the southwestern part ‘of the area formea part of an R 5!

,g;:' - Opthllth suite of rocks.‘ ' . t”*‘ R %“
o S : . ©l s ot

! . ) PR - ’ T . ‘ o = '-jﬁ : ’ Q -
P oo ‘ . oo ; & <
5 . 3.4.1.  Gedlogy ‘ 3
k. ] .o . S . ) Z
— *éﬁ S The ultramaflc bodles are malnly serpentlnlte and to 3

"

?"4' . . lesser extent pyroxenlte and/or perldotlte {Plate 7=A).

'i ‘ T They are mostly located south of Jabal Mlnassa along the . : 7% '
- Al Amar Idsas fault and 1ts branchlng faults¢ North of - -

Jabal Mlnassa, 1ntru51ve complexes of gabbro and dlorlte 'ip
ﬁ . . . are-common,/but'ultramaﬁlo_bodles have not been reportedr

. « N . - ‘ .,
. . B R . . L,
. . . ~ . T . s ‘ JJ‘—' =




T o _‘ - , g . . . -84
-In the area between Jabal Minassa and Jabal Rugaan ‘exten-

- 51vely developed ultramaflc bodles vary in dlmen51on from

| - - ' 10 m to 4 km Iong, 21m to L km wide and 0.5 to-5 m above

.plain level. Few ultramafic bodies are expos€d in the

hounﬁainé north of the magnetite deposit of Jabal Idsas.

+ Ultramafics associated with Snigran carbonates tend to lie

- B . ~ -

{ ~ . . .
- east of the c%;bonates. ‘Howéver, many ultramafic bodies, -

are enclosed within the Abt.schist about 20 -km west of
Jabal Rugaan and withput any—relationship to Shigran : -~

: carbonates.

N

The serggntinized rocks are chally carbonatized and

- silicified (Plate 7-B) along fracture and fault zones

~

where most of the serpentinite'bodies are mylonitized and
crushed. At Jabal Mlnassa unaltered pyroxenlte is pre-

seérved in the cores of serpentlnlte rocks. : .

2‘ ’. - e . ‘ !
Magnesite veins are present in the southern part, .-

v

. : north of Jabal Ahaamer (Plate 7—C) and occur Ln associ-

ation- w1th ultramaflc bodles.' The velns are notable for

the caullflower-llke “form of the: magne51te and they are

about lO to 30 cm w1de and, 5 to 100 m long. .

N

-~

.The.average bhemical‘ébmposition of the ultramafic o
) i

»

K_rOCkS‘lS glven in Table 6, and tdtal ‘rock analyses of the

- . } ultramaflcs, pyfﬁxenlte and magneslte are given 1n

Appendix 6. - . T . Ny v

i M ’ .
I - .

3.5. 7 Al Amar—Idsas fault . -‘_ ’ .

W - <

- . The Al Amar-Idsas fault has long been recognlzed as’

.
[




Table 6 « Average and range of chemical composxtlon and

L)

CIPW norm values of the Shigran carbonates

) and ul;ramaflc rocks. ”
N\ . . e,
? n -
. Shigran Carbonate ‘ Ultramafic
- Ave .'I Range . Ave. I Range u’
. ( 510, 32.91  24.25 7'41.48 33,57 15.18 - 41.69.
Ti0, .05 .02 - .13 .12 .05 - 21
. ) AlL,0, .89 .23 - 1.93 3.49 .60 - 10.81
R Fe,0, 1.96 1.88 - 2.15 2.34 1.95 - 2.76 -
= FeO 4.10 3.41 - 5.80 7.67 4.01 - 11.29
Mno .16 .09 - .19 .15 .08 -~ .22
MgO 21.75 . 6.64 - 35.19 26.39 5.49 - 39,22
A cao 10.54 .58 - 24.07 . 10.93 .02 - 35.57
Na,0 - ) K 03 .0 - .1
K,0 .04 L0 = 22 .04 .0 -+ .11
P,0g - , .06 .0 - .50
- L.0.I. 28.08 21.81 - 33.53 15.99 '6.37 - 29.30
. Total 100.48 100.78
. Feo' /MgO .27 .37 ]
A .
’ . i . ) Norms (CIPW) .
. \ @ .30 0 - 2,91 :
LT, or 09- .0 - .68 - 29 .0 - .69
’ ) ' ab ‘ ‘ .34 .0 - 1.62
an 2.76 -1.38 - 6.69 10.54. *+11 - 31.82
cor ’ ’ . 22, .0 -. 1.10
3 R i 33.06 - 12.67 - 68.67. 7..84 .0 < 17.13
¥4 hy ~8.51 .0 - 32.15 ' 17.14 2.72 - 3750
L - ol 23.90 .0~ 56.60 59.52 27.14 - 85.22
3 . mt 2.92 3.71 -~ 3.97 3.92 3.57 -~ .4.36
: ' il .11 .07 -~ .33 .21 .13 - .31
ap - ' - .o
- .
- * Trace elements (P.P.M.) -
‘ . or 2273 1598 - 3886 1869 409 - 3019 .
; Ba - ™ 235 . 0'-'1552 . 85 10 - 296 il
3 Ni g 1553 ’°=;7§7§9\§:;i 1256 205 - 2729
i Nb 8 . 0- - 6 0- " 22
, ir 1 0- 9 - 2 0~ 7 W
F, Y 1 0- 3. m o~ 0~ 73
S 33 -325 38 - 533 126 3 - 404
. ‘ Rb 4. 1= 9 . 2 ™ 90- 5
; I = 8 samples. T 11 = 8.sérqples".

s o

\




an 207a) con51dered the fault t6 be a normal faul% but ° ('

» -

»
L]

an 1mportant tectonlc boundary althoughﬁthe nature of the
' fault has been the subject of wldely varying. 1nterpreta—

"tlonsu Bramkamp et’al. (1956, Map’I -2123; 1958, Map I-_

-

Bramkamp et al. (1963, _Map I- 206A), Jackson et al. (1963

L]

Map I-211A) and Bouladon (;968) represented the Al Amar-~

k

Idsas fault as a thrust fauit: Eijkelboom (%966 A 12,
1966 A 13.;§d 1966 A 14) interpreted the fault as normal
fault with recent movehent along the }ault plane. LaterL
Eijkelboom_et'al. {1970, Map 5;-18) postnlated the fault
to be a thrust»fault involving eastward displacement of

the Abt schist over the Halaban, followed by block fault-

\Aing to give the present differencesS in elevations on

either side of the fault. Mytton (1§66, Map MI-4) repre-

‘sented the fault as a major fault extending north-south,

B01s and. Shantl (1970) found that‘the fault in the southérn—

most part of the area is lntersected and offset by’numer—
v

ous secondary faults. Nebert (1970) considered the fault_-

wto be a deep normal fault Whlch has“been;reactlvated
F
several tlmes, the latest phase of moveménts taklng place
K

durlng Quaternary tine.’ Brown (1970) po;nted out that the

fault toward the north appedrs to be a dextral str1ke~

g slip fadlt and to have a displacement .of about 60 km.

e -
b T . hY

On the tectonic map of the ‘Arabian Peninsula however

Brown (1972) represented the fault as a thrust_fault..

Kahr, et al. (1972) described the Ai'aﬁarfIdsas fault in*"
N ] . {

1 \




v

-

+ LN
to the east. ?ﬁ%, o
. * .. l - i:"‘ ,’.?( * ‘ :‘;‘
¢ - P »:' .. - } S .. L E
« - . k ’ "(.‘ .i- . . ‘. . - ’ )
3.5/1. Observatlons $’§ e \ : P PR

—-_."The Al Amar—%dsas~faﬁlt is a‘weli—defined'topographic

P - ¢ L
‘ ' 87 {
the Jabalvéatran éhadrapgle-as an;imﬁriCate overthrust :
fault con}isting of three imbrieate bloeks thrust.westWard( k
‘over the Abt SChlSt In the southern part of the Jabal : l . .
Batran quadrangle, they (Kahr et al., 1972) found the ,:[ g._..;"f .

overtlirust fault graded lnto a' southeast strlklng tear

2 < e

fault. - Thekair (1976) stited that the fault started as a-
thrust fault 1nvolv1ng eastward thrustlng of the Abt

SChlSt but later was reactlvated as a strlke -slip fault‘jﬁﬂi ]

4

Al Shanti and Mitchell (1976) considered the- Al Amai-
Idsas fault to be ‘a major tectonic.line markiné,the boun-.
dary hetween two plates. Moore‘(l976)’coneiuded-that-the

Al:Amar—Idsas fault is a strike-slip fault oﬁ'Proterozoic. _— o,
origin,,reactivated and dislocated by\iater sinistral

. LI ¥
strike*slip fauiting during development of the early -

B A IR AL

-Paleozoic Najd fault system. Moore (1976) -also p01nted 9
out that the fault is a "copper—lead llne" dividing a-

+ o

"Pb- Ag"'prov1nce to the west from a "Cu—Zn—Au" prov1nce g e i

feature that can be seen clearly on. aerlgé photographSwandm.

ERTS 1mages (Plate 7-D). It is eXpOSédilﬂ the extreme
eastern corner of the Arablan Shleld and extends approx1m-

ate;y for more ‘than® 220 km before dlsappearlng to the

north and south beneath the Permlan Khuff Formatlon (Flg.




: ‘ ' ‘ A \ ‘ e - -
X "¢ > . 5). North of Jabal Minassa, the Al Amar-Idsas fault is o
?'.'.'i well.defined.as‘q singlé boundary line whereas, south of
:5Tjj?:;,:. . . Jabal Minassa; the fault is splayed (Fig. 26) . , T e
) The strike and-dfp of Al Amar-Idsas fault changes o LW

\

along a north—south‘llne as follows:”

- @t latitude 24! 20' striké N 10° E dlp 75° NW,-° -
e at latitudé 24° 05' strike N-S dip 70° W S )
G 3 - at latitude’ 239 55' strike It 25° W dlp 56° SW,

~ .

at latitude 23° 157 strike N 30° W dip 85° NE,
at latitude 22° 50' strike N 35° W dip.67° NE. o ~
P

: The -fault cah be divided into three segments . (Fig. . L
- ' U . - ‘ . : ' £

. 26) - ' . T " . T
":1 ? o ‘ 1) north of qabe%'Minassa the.fault sharplyjsepérates
}% ik‘ T S Haiabaﬁ‘uolbénic-rocks to theleast'from hbt schist -metas )
i;,. S _ sedlmentary rockslto the west- . h " -

}- '.JZ a . 2)vbetween Jabal Mlnassa and Jabal Ehamer, - the fault

’... .splrts south of. Jabal Minassa 1nto two parts, one the-
i::‘. T ’ Shlgran fault pa551ng through the Abt- schlst the other, :_‘l ’ \ ':3
S : ) - ‘ 2
N& ”i?: ‘ representlng the main fault, cuttlng the Halaban vo%canlc ' P
i .' t. ' ’.rocks.\ South of Jabal Idsas,.oneubranch of the marn 4

-

"fault strlkes southeast through the volcanlc and igneous
‘rocks: the other branch sgf“kqng south‘%eparates the

volcanic rocks to the éast from the metasedlmentary rocks

>

to the west; - \‘L A ~

"
- .

3) south of Jabal Ehamer, the fault changes strlke

.

. from south to southeast and separates conglomeretlc,rocks

< ) N . - s - I N e
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Fig. 26, Sketch
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" of the;Shlgran carbonates.

- 3.5.2.

"« Yocus, of strihe—slip faulting. )

¢ T . . . o
- . . . 3 R N
. . . . (
L. - . M
. . ] . - .

to the east from scattered eﬁposures of the Abt schist

(Abu Sawarir Formation of Overstreet et al.,

the west.
-

’
.‘\ ’,

Surf1c1a1 depOSltS and Quaternary sands exten51vely

.

*

cover areas through whlch the fault passes 1n the south

-

'central part of the region.

~

) The Al Amar-Idsas fault 1s the locus of occurrence

Sl;cken51des.occur in quartz.

veins along the Al’hmar—ldsaS'fault plain (Plate 7=E).

“

:;nterpretation ~ N

The Al Amar-Idsas fauit.is here intefpreted as ‘a-
yesterIQJdireéted' fhrust '
, ' _The diréction antithetic

-

. to,the dip of the fault plaln cannot be con51dered to

represent the'thrust dlrectlon.’
'\ ~ -

-"with reglonal deformatlon 1nvolv1ng foldlng of,the Abt

metasedlmentary rocks and ‘their conuérSLOn to ser1c1te—

chlorlte schlsts. N .
) , .

1
-

_The- 'shape and nature'of the Al Amar—Idsas fault. waslﬁf

-

- compared by -Thekair - (1976) to other major strlke—sllp

’

o famlts such as- San Andreas fault of Callfornla and the

~

Klpine fault of New Zealand _— .

Reactlvatlon of the Al Amar—fdsas fault over a pro+

‘longed perlod of tlme 1s indicated by the relatlonshlp

'S

'between-d;fferent types:of veins and;the'sllcken51des they‘

R Ty e L NN TN AT

'1972) to - ¢ -

faultlﬁhich later became the -

Thrustlng as assoc1ate3lu.
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i . . PLATE 7 S i : .
- - R ~. '53 . [N
. A - Ultramafic bodies of serpentine and pyroxene are ° -
4 ) ’ R ]
slightly altered. .- ) .
B - Serpentlnlte body highly carbonatlzed and silicified )
< N
partlcularly along fracture .zones. % :
. C - Handspecimén of magnesite vein north of Jabal Ehamer-
D - Al Amar-Idsas fault as it appears on the ERTS images.
1 ‘ , ;. - . = .
E - Slickenside occur in quartz vein at e bottom of the
3 picture and to the east of the-hammér arm. . =~
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Com 1) gneissic granodlorlte, the oldest unlt
-M‘

SR - . ‘
o | , 93
" bear. Moore (1976) stated, that the fault was reactlvated

gggdurlng development of the Najd fault system, wh’%reass

i,

1]

»

Nepbert (1970) suggested that al Amar- Idsas fault may havej~

A .

.
-~

undergone reactlvatlon_even during Quaternary time,

3.6. Plutonic rocks
w

3.6.1.- Classification
On Streckeisen's diagram (1976) the plutonic rocks of
the ‘Al Amar-Idsas reégion are located within the gabbro-

diorite, tonalitek.granodiorit%mand~granite fields (Fig.

-
=

27) w.
-The Al Amer~IdsaS'plutonid rocks can be considered;on

the basis of element abundances to form four groups

l) a low KZO gabbroic~dioritic group, 2) a hlgh KZO )

-

dioritic group, 3) a.granodlor;tlcrtonalltlc group, and

-~ 4) a grénitic-adamellitio group.

In ‘terms of fleld relatlonshlps, however, the plutonlc

TR

rocks of Al Amar Idsas region fall. 1nto four groups:. ' ?‘J

RN
.

- I

2) gabbro dlorlte complexes pre-Al Amar formatlon,

3) syntectonlc‘pranodlorlte, pre—Al;Amer.formation, -

and .

- - . < Bacs

N - . '. . . .. - =
< 4) post—tectonio granite represenfing'the youngest
suite of intrusion in“the Al Amar—Idshs'region.

"

¢ - ) - ': ' QY'E;J:?}

¥
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‘ N a polydeform ,gray, massive hornblende—blotlte gneiss - i
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3.6.2. 'Gneissicugranodiorite : .

,- e .

(1972) and Overstreet et al. (1972) con-

- Kahr et al.
51dered the gne1551c granodlorlte of the Al Zmar.area to K

be'the'oldest-rocks in the theslgmarea. They mapped it as

~

w

hlghly varlable 1n terms of its mlneral compOS1tlon grain
“”““””slze an&*texture._ Bois and Shanti (1970) descrlbed the

e 2
gneissic granodlorlte as large 1ntru51ons of laminated,

coarse—gralned hornblende biotite. granodlorlte containing

-

inclusions of mafic and metamorphosed sedimentary rocks.
The main foliation has a north south trend and, dlpS

steeply elther to the west or east

; . . . N . e

3.6. 2 1. Geology ._: ST

~

The gne1551c granodlorlte underlles parts of the area

«

east of the Al Amar Idsas fault (Fig.

both large and Small hllls. When a gne1s51c structure is

R not»well developed 1n the rocks, follatlon is the promln—‘

. ent "feature (Plate 8—A) &The gnelsS1c granodlorlte seems.,
P L. ’ M \ ” -
to form the.land surface on whlchsmheflater Volcanlc and

N

sedlmentar? rocks of the Halaban Group were dep051ted. :< e

Small whlte or plnk aplltlc dlkes 1ntrude the gne1581c .

granodlorlte and - tend to grade into fels1t1c and/or quartz

mmﬁh velns.: To the contrary, dlkes genetlcally related to the.
s

gne1551c granodlorlte have not been obsexved to cut young—

zer rock units.

dl@rlte contalns a dlverse set of 1nc1u51ons of meta—

: . . .l . . '
.« . M "é‘_' -, B v

£

L

5) where lt‘forms .

East of Jabal Batran, the gne1331c .grano- | .
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e

'sedlment considered by Kahr et al. (1972) to-be thé oldest

. sediment in the area‘(Plate.SLB). -Rb/Sr isotopic age data -
XBrown in Ozerstreet et al.,‘lé}Zi indicate that the

gneissic.grahodiorités.east of Jabal Idsas are..as o0ld asA

&
1010 my: :
. i :E. ‘ ﬂ""""" >
" The gneissic granodlorlteuhas three sets of 301nts

.-.N.30° E/40° SE‘ﬂN 05°7W/15° WJ and N’55° W/63° NE. The-

‘gne1551c granodiorites are cut by at least two sets of

faults. .The older, a branch of the main Al Amar-Idsas. .

..

fault south of Jabal Idsas, strikes southeastward; the-

younger, whlch dlsplaces the Al Amar-Idsas:fault to the

south of Jabal Rugaan, strikes north south. ° - | &?«E
- . ~- . R R N " - i
3.6.2.2. ‘ng“ography '._ ) ‘ -qér o Coe <

The gne1551c granodlorlte varies in compos1t10n from -
blotlte-gnelss to hornblende-gnelss~and locally to horn—‘~

\
They are medlum to coarse—grained

t

-blende~blot1te gnelss.

rocks, composed of about 45% feldspar, 30% blOtlte, 20%

' quartz, and 5%‘hornblende.'

E 3

) & N M- "

N

The texture of the gne1551c granodldrlte 1s hYpldo—

o

’ nmrphlc_granular, medlum—gralned (Plate 8-C)-.

R

The mafic

mlnerals, feldspars, and quartz exhlblt a, dlmenSLOnal

('preferred orlentatlon. N L , R .

Plagloclase crystals are euhedral 1n shape, about l Smm -
long and 0 8 o wade._ The tw1nn1ng is of alblte type and

2!

some of ;he crystals have normal zonlng.

v

The oentral partf

S : - o

-




Ll

o

. s X D~ ‘. . - s
- thin sections.and the’ orthoclase sometimes

':broﬁn,‘euhedral crystals, about 1 mm long and 0.5 mm wide,

i

of the~plag;ocfase'is eommonly altered to ser%cite. .

ef‘plagioclase.

Biotite is the characteristic maficlﬁineral of the

_times present in the biotite.

‘Hornblénde crystals are\prismaric, éﬁhedra; to subhedral- . .S

ibng.

T 97

[ -
mm in diame-

-

Orthoclase‘forms subhedral crystals, about 1

terl A few small_prystals of perthite are present in some

-

réms crystals

In general the orthoclase is altered to_

- -
-~ =.

)

kaolln o I ’ : : ) .—- - .
Quartz forms anhedral gralns about 0.8 mm in dlameter.

The quartz has undulatory extinction and occupies .irregular

spaces ggtween the other const;tuents. Some grains are

broken and filled with calcite mineralst The quartz~

! . - . N . - ’

crystals are locally dusty, and contain inélusions of _ -
T = . .~ .

apatite and‘zircon. - - ) - .

H . " ' En

gneissic granodiorite. It forms uhaltered, light to dark

el . ..
with a preferred orientation. Pleochroic_haloes are some-

v . . . »~

v

=

injshape;'about'l mim ionggand liéht brown t6,light green
- N v Al ' . I -; -,j:tt ’ . hd . .‘ h - - .
in colour. Where alteréd, hornblende has’ been chapged to L .

e .

"chlorite. - o - . ) .-

~ .
H s . PR
. -

Muscovite is present ae,nerywsmall ér§s£ale, about 0.2 mm
They aze found maihly’borderiné quartz crysrals.x

T

ercon and apatlte are found as very small 1nclu51ons 1n

=
e

v ' 5)-’- o Tk
quartz gralns, whereas leucoxene is’ present as an alter-

atlon product of J.lmenlte. . ‘ o o ’ . T
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' granodlorlte samples plot as a serles of points extendlng

ized by low to intermediate silica content.and'highly vari=

hhghorous, aqd zirconium'appea: to vary systematically with

o

- . 98
3.6.2.3. Chemistry ° T : : L

»

Seven chemlcal analyses were: made of the gnexssxc

= » .

granodlorlte (Appendlx 7).

.On a normatlve Q -0r-P1 ‘diagram (Fig. 28) the gneissic

from the tonallte field to the granodiorite fleld On an
A-F-M dlagram (Fig. 29; A ='alkalles,.F = Fe203.x 0.8998 +
FeO, M = Mg0O) the samples define a/curved trend line along

which alkalies progressively increase relative to iron and

magnesium. ) -

,The average and range of composition of the gneiseic

grancdiorite are given in Table 7. The rocks are character-

-~

able calcium content. Barium and $trontium have higher

T

values than do average granitic rocks, while chromium, -

zirconium and rubidium have generally lower than average
5 . . ¥
values.

LN

‘Since chromium is usually a stable element during

’ ¢ . e v . . . e o
metamorphism, trace element contents of the gneissic grano-
‘ * . . '
diorites have been plotted* against their .chromium contdft

(Figs: 3Q, 31).. Taken as-a group, only titanium, phgs—

~

chromium ¢éontent. Nickel, yttrium, barium, strontium, and

. - - ad
» * T,

*All variation dlagrams in this the31s are:
1) Plotted on natural logarithmic’ scales because this dls—

. plays the: real fracdtionation trends. more clearli" . '
2) major oxides are recalculated to 100% ﬁi%yydrous)

N N . . ~

L

. ~
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U
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Tablé 7 - Average and range of chemical’ compos:.tlon .
‘-w-. and CIPW norm values of the ‘gneissic
. granodlorltes.
: ) Ave.l Range ) . Norms (CIPW) .
sio, 71.54. 70.47 - 73.32 Ave. Range
Tio, 0,27  0.14 - 0.32 0 .28.82 24.85 - 33.55
- 1,0, 14.70 13.29 - 16.85 or . 13.27 5.27 - 20.04
‘Fe,04 1.40 0.20 - 1.67_ ab ¢ 40.56 _  38.06 - 46.27
FeO _ 0.83 0.30 - 1.50 an’ 11.73 - 8.66 — 15.92 :
: ' MnO*’ 0.05 - 0.04 - 0.07 _ cor - . -
7 Mgo ©0.70 0.16 - 1.10 di 1.20 0.09.- 2.98 . A
- cao 2.63 . - 1.82 - 3.48 hy 1.65 . 1.39 - 2.95 -
‘ Na,O .  4.76 4.26 - 5.51 he ~ 0.56 0.21 -~ 1.30 "
K,0 2.23 0.87 - 3,34 ° mt “1.21 0.29 - 2.48 _ B
- P,0q 0.08 . 0.04 - 0.10 il . o0.52 0.27 - 0.62 .
Total __ 99.19 . ' ® 91 o1 - 0.za -
FeG'/Mgo =2.99 y S *K,0/(K,04Na,0) = .32 . -
‘. . . Trace element (P.P.M.) ‘ . . . . . -";_«
- . " oer - "5 1 - 16 o, . S
' : Ba  f%781° - 254 - 1408 .- ! : : :
- “Ni 15 -o12.- 17 - -
Nb .~ 9 T\ - 13- ) -
: : 2r 105 60 - 167 L b
' Y : 14 . 3= 31 A\ -
- S .orSr . - . 528 320 g 811 . .
. S - .
- . : Rb_ 44 14 73 N - ,
ST T T e I =7 samples. ] )
" Feot = total iron (I-‘e203 % 0.8998 + FeO). - ; )
*K20 and Nazo recalculated at 5102 65wt. %. )
. » -
. — /
\ ' , ~
N~ . )




or

* Fig. 28. -Or—-Qz‘_‘-—.Pl diagram_of tHe gneissic granodiorite.
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rubldlum exhlblt no regular varlatlon relatlve _to..chromium.

-~ » -

. S Flgure 32 1s a plot of the major oxides agalnst phos-
phorous. = Total iron: and calcium tend to increase as phos—

: ’ ' " ' phorous é&éntent 1ncreases, whereas silica decreases. . Total .

-

'alkaifes‘ﬁndicate little change.

- : .

Plots of major oxides against silica content (Fig. .

x .

F ' 33) show that calcium and alumina<Eend to decrease slight-

- .

ly with increasing silica. fotal iron and total alkalies

]
’

give no recular patterns.
Plots of calc1um, barlum, and rubldlum in the gne1551c
granodlorlte agalnst poEa531um content (Flg.‘Bd) reveal
‘ -chat calcium decreases as pota531um lncreases, 1ndlcat1ng ..,,- BN

' ’ that plagloclase decreases as pota551c feldspar and blO-

S - tite 1ncrease.' Barium and rubldlum tend to 1ncrease wrth
N Mt
~ . . . 30

- : .pota551um Barlum and rubidium tend to substitute for

.ot S

% ) pota551um Ain pota551c feldspaf’and blotlte., ‘ o,

. . .« - . JOTen
. <

w ° M ~

x o ; )
3.6.3. Gabbro-dlorlte 1ntruslves - , - .

= ,,;-. % . -

Gabbros are cdﬁmon 1ntru51ve rocks in the southern
- * . W }
' ’ part of the thesas area where they form large c1rcu1ar to .’

LN
e - < o

ellaptlcal bodles (Plate 8- D) They lntrude the gnelSSlc

1@ er——— T O]

- - granodlorltes ‘of the basement complex and Meherga forma~ ( )
N\ £
tion .but they do not 1ntrude the Al .Amar formatlon. The - ’ 1.

i . o :
' §

e

g : F# Agabbros are- coarse gralned rock black to greenlsh gray.
§ ‘_ h ‘in colour. SOme(of the gabbros exhihit layering anfl.are - )

: fd ’ clearly cumulates (Plate 8—EL..'The layers%are made up of

-

~ e

,
X%
e
B =

gabbro and norlte in the lower parts of the 1ntru51ons,

L ¢

—
5%
R,

4

c e
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s ite (Zubeir,'1976). Inc1p1ent serpentlnlzatlon of olivine

%,

'::8~F)'. k . - - ; * ) RS ’ . ™ : _'
_;yroxenei_orthopyrorene (hypersthene) and clinopyroxene%g&be '

_(aiopside and augite) are present only as mifior oo:itltu~ ‘%%

. ent of theAEumulate'rooks. They are more abundant in the
-"normal gabbros . a -.-\3 o
) o éﬁwwﬁﬁrnblende is browr in colour and occurs.usually as an

- . finterstatial mineral or sometimes &% a- réplacement of . -
i' P ": pyroxeheu o I _.~ : - ;i L . T

. - .- CoA . . -
< S » *108

;// ﬁ%ereasylayers in the upper parts are composed of olivine

[

- . gabbro and peridotite (Zubelr, 1976).

. o The gabbros- are composed of plagloclase, olivine,-

3

pyroXxene, hornblende«and opaque mlnerals.

- . Plagloclase occurs as tabular, euhedral crystals and make’

¢

up more than,GO% of the rock. Plagioolase separated from-

the cumulate rocks, range . in composition from An

¢

93 at thé

; . base to An78 at- the top (Zubelr, 1276)

Olivine is the second most 1mportant cumulate mlneral (25%).

It oc¢curs as medium to largé euhedral crystals of forster—

EN . ° -~

~alaong cracks and around 1ts marglns is w1despread (Plate
A

¥ ‘ . ™ .
T . Opague minerals usually interstitfal},include magne-
e, ilmenite,-and'Secondary:HEﬁatiteh, o ) .

v

" Diorites are more abundaht in~t§§ central'and north.
ern parts of the theSlS area and form elther lar§Eﬁelon—
o gate bodles trendlng northwest—southeast parallel to the

LN

al Amar—Idsas fault (Plate 9—A) or sem101rcular bodles

s

~ - . . L
& - . < »

b e
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: A~ Gneissic granbdiorite,-weathered, altered, and locally
: ) . \ )
- foliated. N )
’ # ) . : .
B - Zenolith of the-old metasediments in the gneissic o DT
) granodiorite. . ) )
' C - Thin section of the gneissic grdnodiorite consist of
ﬁ o guartz (Q), albite, (P), biotite (B), and muscovite. )
; § . . ) . - )
F ~ . ’ . - '
3 D - Eliptical. to circular bodies of gabbros in the Al
3 Amar-Idsas- region. - . . : . ) - -
B - ’ ) . & I
. e 1 . 4 N . A .
E - Cumulate gabbro- exhibit layering. -The layers are niade N St
up.o agioclase, 6livine and/or pyroxene. .
" eﬂ . ' . . S ) o, , . - . < ) -
F ~ Thin section of %g:pegtépized olivine of the layered _' .
.\ - ) . - " - " . - o ..-’. - p -
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;associated with the gabbros,\vThe diorites are coarse to - -

- - - N - ! - F
" medium~grained rocks, grayish.green in colour. They are L

°

follated along their borders but have massxye cores. The

dlorltes are composed of plagloclase, hornblende, blotlte, o =

&
quartz and seoondary minerals chlorlte, ser1c1te and epi--
. N - - : o
dote (Fig. 9-~B). Opaque minerals include'ilmenite and
hematite.. -

The gabbros and diorites contain xenoliths of the

-gneissic granodiorites of the basement complex, and rocks

of the Meherga formation. Rocks of the al Ama} -formation

have -not, however, been observed as- xenoliths in.the

gabbro—diorite rocks. -

< : e

\.The‘average ohemical composition of the gahbros and

leﬁlteS 'is given in Table 8, and analyses of 1nd1v1dual

: . . :
samples. are presented in Appendlx 8. o s

.tw - (

3.6.4. Synte&tonic .granodiorite

Pluténsnof syntectonic granodiorite are~found‘
scattered throughout the area east of the Al Amar-Idsas

fault (Flg 5). These'plutonsv although 51mllar toﬁthe

e .

R

gne1551c granodlorlte mlneraloglcally and chemlcally, are, ™ -

hot gne1531c. .mhélsyntectonlc granodlorltes are gray in

~colour, ma551ve, coarse- gralned 1n the Center, but medlum—

g

gralned llneated and schlstose at’ thelr marglns (Plate

9 C)** The border zones ‘are also rlchervln mafic mlnerals. .

Along thelr contacts, the syntectonlc granodlorlte plutons'
. . ,

- L

\ -
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_syntectonic granodlorltes are also higher in chromlur%‘z

113

tend to exhibit flow banding‘and develop narrow metamorphic

contact'aureoles in the Halaban metavolcanics and meta-
P . .

.-

sediments.

Inclusions of gneissic granodiorite, Halaban meta-

°

volcanic and métasedimentary units occur in parallel:

A

alignment and have trends parallel to that of the country

rocks (Plate 9-D).  In thé southern part of the thesis

area large inclusions of gabbro and diorite are present in-

¥

the granodiorites. A
. =
Fleck quoted in Greenwood et al. (1975) reported that

-

syntectonio granodiorites in the southern Hijaz quadrangle
range in age'%rom ?ﬁO to 600 my. * Also, Bro&n quoted in .
Overstreet et al. (1972} stated that the quartz dlorlte of

the component plutons east of the Al Amar—Idsas fault has

a K-Ar age of 604 + 12 my. )

-

The syntectonic granodiorite is hypidomorphic in tex-

- ture and generdlly composed of 30% plagioclase, 30% quartz,

20% orthoolase, 13% biotite, 5% hornblenée,.and less than

1% zircon and'apatite (Plate 9-E;-9-F). -~ -

Chemioally, the syntectonic granodiorites are similar

to the gne1551c granodlorlte of the basement except that

the syntectonlc granodlorltes are rlcher .in total ifon

reflecting their greater concentratlon of blOtlte. The

nickel, zircon, yttrium and rubldlum than the gnelsslc'

granodiorite but lower in barium and strontium. .

\
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PLATE 9

1]

{

Large elongafed_bodies'of diorite .trending NW-SE

parallel to the Al Amar-Idsas" fault.

»

Thin section of the diorite consist of oligoclase-
™ a

andesiné (PL), biotite (B), hornblende (AM), aﬁa

qﬁartz (QZ):

General view of the syntectonic granodior!te.
. LI -

Syntectonic granodiorite c'or}taining inclusions .of - -

2 o
diorite and gabbro. T

<

Thin section of the syntectonic granodiorite consist

of_plagioclase‘(PL),'quartz, hornblende, biotite,‘and

ilmenite. - S

‘
.
»

Hahdspecimén of the syntectonic éranodiorite éomposed

of plagioclase, guartz, amphibole'aﬁd'opaque minerals.
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The average chefical comp051t10n of the syntectonlc

3

. granodlorltes 1s glven in Table 9,°and 1nd1v1dua1 analyses
som N .-&' . \
:;3‘,~ : aré presented 1%AAppend1x 9.

LORTEE

. . . mr'. ) - o

~ J ) U ~ | . s, T

o ) ’ 3.6.5:" Post-tectonic granite .

S\ _‘ - o - . ) : . o L e N
. Late to post-tectonic granites underlie a large part

L of the westerh sector of the thesis area but are present
(\ o only as small scattered circular to oval plugs in the

eastern part (Fig. 5). .They are medium to fine—graiged,
pink to red in colour., massive, and unaltered4 , The pogt-

tectonic granité have’a well_developed metamorphic con-
. 1

“

.

. : ~ . Cm : AY
and often contain iffcdusions of diorite, meta-andesite and
oI ¢ ez ( S .

|
: \ tact aureoles where they intrude metasedimentary rocks,
{

- K . 9 s . i s -, '
“ serlclte chlorite schist. The. granites are cut by two
L - N

e L sets of fractures, N 10° E/80° E and N.80° E/70° W, “the
T ) AN < ° \

RS flrst set of which provmded channel—ways for solutlons rlch

-

in lron, as 1ndlcated by the deep colour of the Eractutre
CE, A . ’ R . PREERS

‘..:’r \ surf‘ace_'s ’ (Plate "lO"A) . o

v

N : RN "% . .
. L The post tectonic granltes are equLgrahular .and con-
o R AN \ '
’ ’ sist of 50% orthoclase and/or perthlte, 20% quartz, 15%

b3 R . plag;oclase, 10% blot;te,"B% amphlbole ‘and less’than'2%_

- <
. - -

. \
. T apatite and/or sphene. Some of the ppst-tectonlc granites

contaln phenocrysts of white feldspar up . to 1 cm long ' N

’

(Plate lO B) whereas others are poor in quartz and are

A

syenltlc.

4 : ' S . e -t . :
' : The postJtectoniq_grahites have strong. scintillo-

et . ‘ - .
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enriched in

&y

- -

- ' radloactrve elements. Even whepe granltes are covered up

CS e P N e

TR

oA
R

&

ot \
= Y

by sand or gravel/ a sc1ntlllometr1c anomaly may st111 be

detected. The most radloactlve granltes are also ‘the mosto

ST
i

o -“p“‘*‘. e

- ’ deeply coloured rednﬂ Lacombe and Latalenet (1970) report-

TrTp——
3 R RS

N

ed’ that the radioactivity ranged from 100- to ‘450 c/s. .

3 \ 7 The average chemical composition of the post-tectonic:
. . granites‘is presented in Table 9. The post-tectenic gran- =

&

ites are enriched in silica and potassium and impoverished

in titanium, "aluminium and calcium compared with the .°
gne1s51c granodlorltes and syntectonlc granodlorltes. . N
x - \ ’&,
. Average chromium, nlckel, 21rcon1um, and yttrlum content
-

of éhe granites is much hlgher than that of the syntectonic-

granodiorites which however have higher barium and stronti-

. . - < ; '.- . l .
um values. - The scintillomeéter ;anomalies may reflect en--
1». . - .. , ‘> . - . . B s . . ~ Al
i .ricnment in zirconium and yttr{um°of the post-tectonic

)

1

. granltes. o c R ‘ _
T ) . N ) o N
Chemlcal analyses of post tectonlc granlte samﬁies
are glven in Appendlx 9. . ]
| ) . ) \ . PR . : .

\ . .
Vo On\a calcrum—total alkalles versus 51llca dlagram,

g .. e N - \ s
Vo the Al Amar Idsas reglon plutonlc rocksaform two groups:
L o . . oo e

a) a c¥1c1c to calc—alkallc group whlch 1ncludes the

%

"

: ‘\. gabbros and dlorltes (Flg. 35) 1n addltlon to the. gne1ssmc }
g ' ) i
%' granodiorites'of the*basement and the syhtectonic granb; ' \ 0

.dforites'KFig. 36) intrusive into the Meherga formation;

b) a‘calc—alkaiic‘to alkalic group consisting of the\

A
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’ .9 ’ ’ ' - * - i ) - ’ N o R “.
i , - ) . ‘ . R B _ . 1 18 >
T , . s ‘ ‘ ' '
- VoY - .
A ’ ! * . .-—"‘
¢ h - . ’ : oy
} . a ) - B N . o o . -
o b Table 9 - Average and range of chemical composition
S and CIPW norm values of ‘the syntectonic
. granodlorltes and post tectonlc granltes.
’ \ Syntectoni¢ granodiorite : Post-tectonic grapite .
: . s ) . ave.l . - Range . ’ Ave.ll . - Range *
; sio, 71.57 . 70.10 - 73.46 73. 34 66.41 - 77.75
i ¢ Ti0, 0.32 0.24 - 0:49 0.23 . 0.07 -: 0.67
AL,0,  14.22 12.66 - 15.62 13.30 ° 11.97 - 13.91
Fe,0, 1.36 0.28 - 1.68 . 1.02 0.50 - 1.98,
Feo 1017 L 0.44 - 2.40 1.46 0.53 - 4.36
D MnO . 0.05 0.03 - 0.08 10.05  0.02 - 0.13
: N ‘ Mgo _ 0.78 0.16 - 1,69 0.24 0.00 - 0.67
¥ cad 2.54 1.98 - 3.46 1.13 0.54 - 2.02
3 - Nay0 4.23 3.24 - 5.64 4.06 3.74 - 5.05
'K50 2.15% 1.53. - 3.33 . 4.33 3.02 = 5.40
N XN 0.29 0.03 -* 0.63 : 0.09 0.04,- 0.24
Total _ 98.68 ‘ ' 99.25 ‘
\ *K,,0 -7 I ~ 52 .
- . o K080 - N . o
’ . : . Norns (CIPW) . .
Q 32:81 25,13 - 41.03 © 30,21 21.12>- 35.67
. or 12.68- ' -8.50.- 19.92 ,25.76 17.87 - 32.19
- | C o ab, | 36. 34 27.75° - 47.86 - 734,57 - 31.92 - 42.78
‘ R an, 9.81 - 8.68 ~ 10.49 4.68°  1.08 . 8.39"
. i ] con%:% 0.64 ~  .0.00 - 1.58 .- 025 T .0, - o0.87
E ' - . 0.33 0.00 -~ 1.48 ‘ 0.33 0 - 1.06 i g
: ‘ hy 2.97 . - 1.31 - 6.63 - 2,10 - 0.47 -~ 7.19
) ol . - S ' - - . ’
, mt 1.80- - 1.44.= 2.47 - 1.34 T0.073 - 2,91 s
. N SRR 1 0.62 £ 0.45 = 0,94 0.44 0.13°~- 1.29 -
£ " ' ap . 0.66 70,07 - -1.51 7 0.3 0.10 - 0.90 e '
2 e I hm _— S v e.12 T lo - o0.58 o
3 _ . - ' - . ‘Trace elements (P.P.M.) ) b .
S L R 16 ] 2. s10 S 257 0%~ 670 I
3 . o B "¢« 602 8 - 1066 o 388 83 - 788
- \ S Ni - 48 L7 - 1940 - 115 . 11 - 266 \
T 12 10 - 14 ‘i T 15 - 24
' : o, 157 . -109 - 238 .. 268 129 - 355
- Y -2 0 0% 4 44 135~ 62 - 329
- sr 378 . 56 - 709 . 83 . 21 - 188 . \
. Rb . © 55 v 47 - ggﬁ : 156 o233 L
3 : ' , *K20 and"Na,0 recalculated at SlO = 65 wt. %. . - ’ .
4 . "\\ ( B =5 samples \ - R II = 5.sam;l~e‘§~“;‘$
A . \
' ”W’*"“z»'*r;w T N :

m:, o ,,'
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Fig. 35.

Peacock‘s dlagram applledvto the . .
gabbio- and ‘diorite of the' AL . .
Amar-Idsas region. ) Co
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‘represent different granites as follows:

CE . ‘e ) . oL % oL
“values of rubld;umf pota551um, barium and }fow values of
“yttrium,

- o)

' gneissic grénodiorites bf:the basement "and can also be
) e { s 3 . o o7 .
alkalies, Etrontlum. barium, and normative or,ab

"*. 3
tive or,

i 'east of the Al Amar-Idsas fault, is 51gn1flcantly 1ower in°

120
36) .

. -
post-tectonic granites (Fig. ®

. The gneissic granodiorites of ﬁhé basementxpossibly

a) samples 154, 159, ‘ands225 are calc-alkalic -

[K,0/ (K,0+Na,0) = 0.25 to 0.41] and have Shemically high

calcium, and total iron;’ / i

sample 147 in contrast is 5

and

caiéiq [KZO/(K20+Na 0)_

0.16]). and has high values of yttfiﬁﬁ, total iron,

»

calcium and low values of rubidium, potassium, strontium,

=
=

barium, and aluminiumj;

3

;and 325 Qith intermediate character-

- -

istics liebetween group a.and group b.

c) samples 204,

The syntectonic granédiorites are very similar to the

-~

-

divided -into_two -groups: . \ . : ’ - ) .
g *. ..
. a) samples 152, and 161 are high in aluminium, total

and an;:

L3

b) samples i?2J 175, and*275 are characterlzed by low

strontium, barlum and. horma-

A\ . . - . . . 7 =

ab, and an. ‘ SR

The post-tectonic granité sample 188, collected from

;ﬁ!g

po

K20 and hlgher in Nazo when compared w1th§§he post tectonlc

granltes whlch intrude the Abt schist’ west of the Al TAmar-.

Idsas fault. R ' ‘ ' "f . oo

The dlfferentlatlon index (DI) of the Al Amar- Idsas

.‘l.
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plutonlc rocks 1ncreases generally w1th rpcrea51ng 5111ca

(Fig. 37). However, there are _two breaks assoc1ated by

siigﬁt'shifting in the plutonic rocks trend,-the flrst'at
. about'DI‘4O and the secoﬂa at DI 65. ThlS may 1nd1cate

that the plutonlc bodles were emplaced by several pulses.

N

- i -

On a plot of MgO versus TiO, in the plutonic .rocks;
M o 2 ’ .

’

(Fig. 38) ) it 'is evident that the diorites form two Qroups:

-

a) a high K,0 (Ave. = 1.27 wt %) high silica diorite

group characterized by MgO values 1ess.thah,4%;
N ° \ . S - . e
¢t b) a low 520 (Ave. = 0.72 wt %) low silica diorite

‘é’ v . s *
groupfcharaCterlzed by MgO values more- than 4%.

*The low K,0 diorites have similar MgO-'I"iO2 character—
istics to some of the gabbros and may be gentically,ree
.. N

lated to thém. The hlgh K08 dlorltes may be gent;cally
related to the syntectonlc granodiorites. :The gneissic

granodiorite ﬁnd\syntectonic granodibrite geochemical

o

trends are 51mllar whereas geochemlcal trends 'in the

.o

' post—tectonlc granltes are qulte dlfferents

i

3.7« Khuff‘formation g o N v

*‘t

o The crystalllne and metamorphlc rocks are .uncon-

res

formably overlaln at the eastegg borders by the Permlan
\

A
Khuff- Formatlon (Flg. 5) ~The contact betWeen the Khuff

Formatlon and Precambrlan rocks -ifs marked by a Cllff the»

helght of Wthh does not exceEd 50 ‘m . (Plate lO ). The ,
- .

lowest un1t of the Permian strata, whlch dlpS gently 5°
. @“ .
S \ : . ’ ) \ Lad

N

o, -
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due east7 is composed of coarse- gralned and heterogeneous

cross bedded sandstone (Plate 10-D) The upper unlts ‘are

malnly formed of 1mpure llmestone (Plate 10- E) and/or

~

dolomlte contalnlng some gypSLferous horizons.’ :

Chemlcal analy51s of the Khuff Formatlon 1mpure lime-

stone are glven in Appendix 9. , .
. e . ~
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- Handspecimen'qf the'impure limestone of the Paleozoic

N . . PLATE 10

2
’

C-"Major fractureé surface. in the post-tectonic granite “

<

serves as channel-way for .solutions rich in iron.

v

B .
o -\ *
)

- Thin séction of the post-tectonic granite consists of

-

perthite, orthoclase (OR), quartz (Q%), and plagio-

clase (PL). = -« ". _ -

- .

- Géneral viéw of th® contact relationship between the .

N . 5\ -
Precambrian rocks (g) and the Paleozoic bngp (LSs) . :
-

~ Cross bedding jin the:sandstone of thé_Paleozoic'cover

north 6f the Al Amar-Idsas region.

cover ‘east Of the Al Amar-Idsas régien. -

s
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.aIteration processes.

~#w  CHAPTER 4 . - ' e

- -
COMPARATIVE PETROCHEMISTRY .= - \

: . }
" One of the main problems encountered in this study of

the volcanic rocks of the Al Amar-Idsas region concerns

the effect of chemical.mobiLity during weathering, alter-

ation_and metamorphism in modifying the original compo;7

sition of the rocks. The results of an eXperimental in=

<

vestlgatlon concernlng the reactlon between seawatenhand

o 2

basalts ‘indicated that’ silica, -iron, magnesium, calcium,

sodiun, and\potassium are infariablyfgoglleielements
(Bischoff et al., 1975; Seyfried et af.s%/1977_)_.

Since the Al Amar-Idsas volcanic rocks- are altered
and contain volati;es up to 7.7 wt % (e.c.

N

clearly the p0851b111ty'ar1ses that their bulk chemlstry

sample no:#l93f,

may have undergone mbdlflcatlon as a result of secondary

For this reason, in the following ,

~ <

dlscu351on of the orlgln of the Halaban rocks 1n terms of

theix tectonlc envlronment rellance is malnly placed on

-
-the comparlson of relatlve variation 1n content of sup-

- . -
posedly 1mmob11e elements. ST N
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.Otner ‘than sampLe 84 in which TiO

" In terms of 5111ca content and u51ng .the 5111ca
classrflcatlon of basaltic rocks of\Brygn et al. (1972),
tne.volcanic rocks: of the Halaban Group incInde:

basalt , samples 84, 104, 16“4.,", 165, 180,

S 257D} )

basaltic andesite ‘samples 181, 182, 193, 205;

7 -

andesite . samples.49B, 2062, 207, 308;
c'iacite; ] ' : saméles..19, }lOC, %.83’,‘ 2544, 254}.3,
_ 255, 304; :

and rhyolite ) samples 109, 139, 253.

>

The groupcA Halaban volcanic rocks all have silica

_ contents less than 53 wt % and are therefore basalts.

, = 1.95 wt 3, the basalts
tend’ to have low T102, Cr2 3f and'NiO- content and exhibit

a relatlvely low rate of incréase in T:LO2 relatlve to

FeD /Mgo durlng fractlonatlon."The Halaban’basalts (growup

A) are coqparable\ln these respects to basalts from Eua

. Ct -

Island of Tonga (Bryan-et al.,*1972; Ewart et al.;,19ﬂ2)

3

but are lower in $i0,. Total alkali -content is. highly

Varlable and is therefore not “considered to be of any use. -

A

for comparatlve purposes. ) '

Groups B,"C, and;Dfare low:titdninm high silica calc-
alkaline rocks. Groups C and D have hicher silica contents
relative to-'FeO /MgO and Crzo3 than groug%% rocks, whereas
group B rocks are p0551bly ‘even ‘more . 51llceous and similax

to the low TJ.O2 and EeO /Mgo and hlgh Cr2 3 ande51tlc

rocks of Andes— zone A’ of—Lefevre (1973) }

N G
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Group E rocks are rhyolifes with silica contents .
. ) . R ‘ A o o . .
. 7. . xanging- from 70.25 wtf%_to 78.17 wt 8. F 7 - L T

- Q

/

> h
v

Wi Nt

& ‘THe metavoléaniéerocks of’.the Abt schists include -
o —; - . -

S . . bBoth hlgh and low tLFanlum types. - -

o
~

L | The hlgh TJ.O2 basalts (group A) are‘relatiuelyl

ik e 2
. pY
12

‘ fractionated ® tholeiitic .rocks which are similar in Tibz,~ \
C e . A . '(' . . i . N - . -
\ “Feot/MgO and alkali characteristics to the fractiona!gd ~

- . “a v 2
. Galapagose basalts {Byerly Melson, 1976); the later

PR T
b
—

u'a 5 “ however ‘are slgnificantly fiche; in gilica. They also,. " ~\
. \ . ) .

: : e ‘ . : .

L W T " other than hav1ng 1 wt % less Slo2 and a lower Ti0, con-

- tent relatlve to FeO /MgO, closely resemble thegﬁld—
Lo Phe o : \

- - Atlantlc Rldge tholeiite (e q. sample A 150) descrlbed by

Shldo et al. (1971) The hlgh T102 basalts resemble some

S basalts of the late stage Korambasanga volcanlcs of the ° >
L0 )

Lau Island of the Eua-Tonga Feji arc system (Glll 1976) .

o

A o Inﬂtﬂ!,l W 'I‘J.O2 basalts (group B),\the more frac-'

-

‘: ; T 3 tlonated basa‘t ggample 278A) is comparable to the

o

R oceanlc ;sland arc tholelltes of . Eua (Bryan egxal., 1972) ,- ‘ ) R ?a

':whereas the less fractlonated agaln resemble the late

\».
1 A »

- i : j!] 'stage basalts of the Korambasonga volcanlc group of the o
' oo . S )
. \ .
: Lau Island (eiil;. 1976) - o -

vt b4

ISR . The chemlstry of the Abt sedlvents ‘seems to, be domln-

' »:2 . antly of oale—alkallc type. -However, relatlve to chromlum : é;
RS ;';'anand titanium they seem to-be enrlched in silica and zir-. 5
T conlum. The hlgh 21rcon1um content reflects the presence SR #:‘

.of well deG@igped crystdls of zlrcon, and 1t is concelv—'
s ~- ".‘ .‘.' . . : "-: R ‘_ .-t-:, . ) ¢ —~
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able “that the Abt Hlst contalns zirconium and quartz of

o’
'contlnental derlvatlong )

. . : v .
The ultramaflc rocks are relatlvely enrlched 1n iron- ;/
A i
(Table’B) \and appear to be cumulates rather than mantle N

’rocks. \Whlle they could represent the cumulate part of a

dlsrupted Opthllte, such a conclus$ion is far. from certain.

Similarly the(gabbros are cumulates, relatlvely iron en-

riched (Table 8), and could have been derived from thole- ' "

e -

iitic or ‘calc-alkalic source rocks. The Al/Ti ratios of

-

,

clinopyroxene of the gabbros also indicate a tholeiitic

L4

. OF calc-alkaline souroe for thes§, rocks. . B

-

. . \

bn a Qz-Or-Pl plot of‘various plutonio.rocks;o% the

N

> ~

western United States, Alaska, and westernsSaudi Arabia _
v \ . . . i}
(Fig. 39), the plutonlc ‘rocks of the Al Amar—Idsas region..

are almost 1dent1cal to those of northwest Oregon and the

southern Callfornlaﬁbathollths They ’ character—

» . - ~

istically exhibit low ‘I‘-iO2 relatlve to FeO /MgO and. low -

P AR

Nb lndlcatlng that ﬁhey are of calc- alkallne orn“orogenlc"
oy R o A

character.“
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'\ P Hp0 = 5000 bars:

1)
(2)
(3)
= (4)
(5)
{(6)

Al Amér-Idias‘plufonic rocks ;Saudi Arabia, 1978.
Plutonic rocks of NW Oregon;U.S.A.(Bateman,1963)
Southern california batholith;U.S.A.(Bateman, 1963)

.Sierra Nevada batholith;U.S/A.(Bateman;1963)

Plutonic rocks from AlgskaéU,S.A.(Batéman,1963f .
Al Hadah granitic rocks;Saudi Arabia(Marzquki,l977).

: . N
' \Fig. 39. Compgfison between the Al_Amar-Idsas
- . plutonic focks and other plutonic
S _Focks from Saudi Arabia and U.S.A. .
on the Or-Qz-Pl diagranm. : o
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) CHAPTER 5 .
i \ - : h -t~ . - -

HISTORY OF IDEAS CONCERNING THE EVOLUTION - .
OF THE ARABIAN SHIELD )

j . : - >

\ 3
To understand the Precambrian tectenic history of the
-t
Arabian Shleld we should look to the tectonic hlstory of ~

Afrlca 1n general and to the Pan Afnlcan event in. partlcu—

lar because untll recently (30 my ago Coleman et al.,

g3

1972) Arabia was part of Africa. .

~

—
e L

)
REE

‘Greenwood.. et al. (1975) have suggested that. the

[

Arablan Shleld formed durlng two stages of cratonlzatlon - \~
,--= \ Y
of an intra-oceanic island arc in southwestern Saudi

Arabia. The first stage began with deposition of calcic % . .

- - oy

to caﬁf—alkallc basaltlt and dac1t1c volcanlcs and«am—

mature sedlments that were deformed metamorphosed and .

Y e
1ntruded by dlorltlc bathollths, the Séecond stage of

.

cratOnlzatlon, lnltlated about ‘595 my ago} also involved
. ~ S

volcahism, deformatlon, low grade metamorphlsm, and

‘1ntru51on of granltlc bathollths. Greenwood et’al. (1975)

¢

proposed a northwest trend for the 1sland arc and north-

the polarlty of potass1um varlatlon trends 1dent1f1ed by
. \ L o
» A N . \ . -

NI S el
WQW <.:'"
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Greenwood and*Brown (1973)

.

- Garson and Shalaby‘71976) also used a plate tectonlc

~model to describe the evolution of thnged Sea region from
. ™ - T . S ’
\ * Archean to lower Cambrian times. They suggested that the
\ o
development of the Arabian Shleld involved subduction and

-~

~

- o sucoe551ve opening and c1051ng of a series-of intra-
A

continental marglnal basins developed 1n response to

& - -, ’

¥ . oceanward mlgratlon of the prlmary arc system. Garson

T T

and Shalaby (1976) claimed that this process™explains the
existence of five ophioWite zones in Egypt and Saudi -
. . . , ] : -

- Arabia as well as the Najd fagﬁé system. Shackleton (l976)'

* nowever concluded that -throughout Africa the geologié

history of c¢ratgnic regions and. their circumferential

B

‘ tectonic Belts is very. similar, ard that-there is no evi-
dence either for crafonikation processes involving oceanic
. . - ' : \ " -
‘ . . island arcs or for large scale plate wotions. ~ ' \ ' .

~ - F A -
P . e . .. ;

According to Brown and Coleman\(l972) and Akaad and
T vy .

Noweir (1972) the ultramaflc\rocks of Saudi Arabla and

. . x
L % the Eastern Desert of Egypt trend NNW- -SSE..” Akaad and : /,

-

g‘ . N Noweir (1932) suggested that the ultramafic bodles were
. . . ) ’L

h
formed as peridotitic crystal mushes cOmposed_mainly of
. . ) e - -
olivine and pyroxene lubricated by water vapour .extracted S

-

\ el N et . ;
’fither from geosynclinal sediment¥ or nearby granites. 1In
: Saudl Arabla, ultrgﬁafic.rocks identified by several R

o workers (Bakor, 1973 Larry, 1974; and Neary, 197%éroccur
: ’ k .%, = . .
in linear zones, %kfeature which' led Burke et al. (19?7) m

s . . . [ . . g = -~ o

T SRS AT T LY 2 S S ey
s
A

1
3
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. to suggest that plate tectoric Processes have been opéra-
- 23X . - ) .. ¢ )

" tive throughout the last 2500 my. Kaner.(l976, 1577)
S " concluded ‘that piate tectonic models fail to explain the - -

T 3 o . N < e T
evolution of- the Precambrian linear fold-belts of South

;
2
~
-

s andﬁEast'Africa. $ R : S 1;
. " - ~ -~ | .
Neary et al. @T976) postulated that the granitic
i o rocks of the Northeast*Sudan and of "the Arabian Shleld

were formed in an ;sland arc environment above an oceanic \ -

subductlon zone, and, 1nterpreted the flve ultramafic zories

of the Eastern Desert of Dgypt and the two ultramaflc

& 5 .
.+ Tzones “in the Arablan Shield" as relicts of oceanic crust . .

between 1sland arcs. However,-Neary et aT“ (1976) sug—- -
» - 2

ges®ed that 51nce paleomagnetlc ‘data 1nd1cated Africa has . T
*- R N Le
been»a‘unlfled contlnental mass for.the last 1500 my*

[ Ty

(Piper’ et al., 1973) the oceans between the arcs must have N

been closely'spacedn‘

’ .

- ' \dlfferent plate tectonlc model was suggested by
Al Shantl and Mistchell (1976) for the eastern edge of- the R
e Arabran Shleld They proposed that the Al Amar-Idsas

' | - fault marked the site of an eastward dlpplng subductlon

-

.zone, separatlng a volcanlc arc system represented by the

Halaban volcanlcs on the east from ocean floor sedlments
\

- . e . e
‘ . - ) fe 3

-represented by the Abt schlst to the west R

B

»
o »

The plutonmc rocks of the Al Hadah area in the west —

A3

of the Arablan Shleld were 1nterpreted by Marzouki (1977)

o as hav1ng formed in'‘a contlnental margln subductlon zone e
- . i . ) % _

"




-,

136

LanTa

environment.' The‘ultramafic zones'in the Arabian Shield . \

\

\
*Were cons1dered Qy Marzoukl ‘and’ Fzﬁe (1977) to regresent

_-sutures marking the 51tes of smafT closely, sPaced ba51ns,

- - . whose closure involved contlnent—contlnent co11151onu o

’ 3 - . '\ < ‘ . . . . : -
S \ R Y ’ '
L, S Nasseef and Gass (1977) and Gass (1977) report that’
- . . ) ' . : Wy A oA . . . ]
& all of. the Arabian Shield granites "bélong to & low Rb,

;- . Nb, Y provence'when compared to the African granites else--

Y

- u"where." On the basis of the - suggesition by Pearce and Gale
- - *‘ ke N - +
(1977) that all granitic rocks formed above active Benioff™ .
\ . B . . i g:;_ . .
zones have -Nb contents. below 15 é?p.m., Gass JL§57) con--

cluded that all calc a;kalic granites. of the Arabianlghield ) -
F "+ 7 * formed above & Proterozoic~§§ﬁioff zone. . Based on the'

- ) evolutlon of K O/(K O+Na. O) variation. in suppdsédly 1og£
2 S - \
3 - omy o%d granltlc rocks sampled on an east-west traverse’

-
. cL icross the Arablan Shleld Gasé and Nasseef (1n press) -,
F . *:Q- - .
o fu;bher concluded that the early granltes of the Arablan

Shield evolved above four 1ndependent arc systems. e N . :

R : Erlsch et al. (1977) 1dent1f1ed what’ could be the . i

largest ophlollte belt 1n\the central part of the Arablanj
. 3
3 . T Shleld (the Hulayfah—Hamdah ophlollte belt) and concluded

- that the Arabman Shield is bullt up of several closely
spaced“volcanlc arcs of 1ate Proter0201c age. According

to these\\uthor51¢he trench sedlments between these volvﬂ~

canic arcs have,been squeezed out as a result of colllslon.

v
;_ﬂ_“‘ . . . 1
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Fons

-to rhyolite,.gsd which are calc—alkaline.‘ e )

volcanic” rocks from Abt Formatlonemetasedlments. ‘ghe
‘fault is'a_Westward<directed"thrust fault along whichh

.later movements were of strike-slip hature. e S

= — L4 ‘.
{ . - \. -
. = M
\ - T o ' 0
, ] 3'1» e S
= , i — . -
S CHAPTER 6 ] '
-
5 o
‘ ' CONCLUSIONS ;
. | S . . )
} ' . - -
The Al Amar-Idsas region is characterized by the
presence of: . - o .
; B ) , ) L.
1 - gneissic granodiorite basement east and west of \ T
. £ a . . -
the Al Amar Idsas fault as old as 1010 my (Rb/sr) R . )
- o “,. o,
Q -

2 ~ volcanic rocks rangin n- compos1tlon from ba§alt
ging {

. . \
3 - schists (Abt Formation)

a\mixture‘of tholeiitic ) o X

and ‘cale- alkall volcanlc rocks derlved from a volcanlc arc

. * o
to the east and calc~alkall sedlments perhaps in part de— o -

rlved from a contlnental source._ -' ' . L
) 1 - - ‘ '.~- . l \
4 - a major tectonlc dlscontlnulty,@the Al Amar Idsas

- ‘ -

fault, awdlstlnctlve linear feature sepanatlng Halaban .' "

-

o -

e ’sp . -;'i,

5 = ultramafic;rodks (seqpentine, pYroxenite perido;

.. .

.

tlte) and carbonate (Shlgran) occurlng mainly along the
Al Amar-Idsas fault or nearby, bmt ln places w1th1n the -

. ”

Abt metaSedlments or Halaban volcanlc rocks. ) ' o0

e . " - - 1.1&,,, Y RT AR ST
‘ ' \i);;y 'f&“’}z‘?ig
ST S ARG
SR

Voo e [;ﬁ@ et
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granltlc rock of which the K3 @/(K O+Na O) values
gg_ . ) z

A
“®€

. 6

-

. increase from east to west. L : - ..
\ ' . « . -_- - .

The geology of the. Al Amar- Idsas reglon cgh“be inter-

preted in terms 0of " the ex1stence of a westerly dlpplng

subductlon zone east of the Al.Amar Idsa? reglon (Flg 40)

respon51ble for(the development of the oﬂder (Meherga)

~

formatlon of calc~ alkall Volcanlc arc rocks and a marglnal

'

ba31n in whlch the Abt metasedlments were dep081ted as
\ e ~

mlxtures of tholelltlc to calofalkall volcanic rocks and

v immature se¢diments derived in part from a continen‘t’gl

off z -

e, s

'source. Closure of the- smallf;yean ba31n along an easterly

lncllned subductlon p0551bly esulteg‘ln the formatlon of

£
. -

the Al&Amar formatlon. Even\later, transcurrentwfault - €.

-,

movements took place along the Al Amar—Idsas fault
Flnally, I would like to empha51ze that both the -

‘qéologlc work and the proposed tectonlc model in this’
' v .

tthe51s areLthe results of a reglonal study df the

& -

« Al Amar-Idsas reglon. For a better understandlng of

.‘ ' )
. . S #
thlS part of the Arablan Shield I would llke to’ suggest '

2N

the follow1ng . . .

.K.A A detalled stratlgra;hlc study of the most southern -~ { %-

7

part of the thesis area to flnd the relatlonshlps o ..
between the metavolcanlcsiand metasedlments.-'f e

l,ﬁ,‘Completlon of a collectlon from both the Meherga and
{ T

Al Amar formatlons for pegrographlc and chemlcal analys1s\
{ .

to further understandlng of the, volcan1c1ty of the area. -

CL,Age determlnatlon of 21rcons 1n'the metasedlments of .
\. e Y] . * .
the Abt Schist. o S " o) s
‘.. . :' :;’3 i 3& t .

Lo Ly

.
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i : Appendix 1 ANALYTICAL PROCEDURES

METHOD
L

Chemﬁcal analyses were determined using the Philips

. -

LA ' * PW 14590 AﬁP fully automated x-ray fluorescence spectrometer,

at the University of Western Ontario. Samples (about 500

e

pRolal ey o

gr.) to be analysed were crushed to- a fine powder (less

& than 200 mesh) in a Bleuler Mill. ' Powder pellets and
3 i

fused dlSCS were made from the powder of each sample

\ o according-to the method of-Norrlsh and Chappell (1967)

and Norrish and Hutton (1969), respectlvely Pellets and

.

dlsgs were then loaded -into a sample holder and auto-

- matically fed to the machine. Counts were determined for

both the unknown samplés and the U S$.G.S. standards. The/'

B

standards used were: FS72 (for all major elements except

Na), GA (for Na), AGV-l (for Ba, Sr and.,Zr), GSP (for Rb),

< VSN (for Y), and bTS (for‘br‘andﬁNi) The- data were |
\ - 0 .
printed on a teletype and punched on a paper tape whlch .

L] i . -

was then used to generate computer cards. A computer px0r

‘»

gram, obtained from Dr H. ‘Hunter of the UnlverSLty of

v

PR

Western Ontarlo,,applled the necessary cor{sctlon factors ;.

B3N
. . 3a

N ' ) to the raw data.‘ The calculated chemlcal comp951tlon (1n h-

<

‘wt %) of the sample analyzed was punched on cards and,these

2 : i

¢
.

were run. through a second program Wthh calculated the

y . I
i . - ~ N X Ca e B
\ -

. CIPW ‘moleculaf norm. ; .
% ; o ~ The analyses areﬂaccurate to w1th1n l% of the amount ‘

i

\ L4

\ d . present for major eleﬁbnts exceptrNa and to w1th1n LO% of

\ - -

. “ - ’
, : : oLt .
e ST TR S




. the amount present for trace elements and Na. In general,

there is close agreement between the analytlcal (XRF) and’ .’
&

D

U.S$:G.S. standard acceptable values for T102,

cao, Nazb, K,0 and P,0g. Values determined for Si02~are

MnO, Mgo, *

L sLightly greater, and Alzo and total Fe as Fe are

293
slightly lege than. the U.S-G.s. standard valueSq The

. small standard deviations calculated from multiple analy- °

ses of the standard samples indicate a hign degree of ére—

1

' . cision for the analytical method "used.

DETERMINATION OF VOLATILES
The totel volatiles for all the chemically analysed
b . i . ’ e
samplés were determined using the method gf loss on

ignition (LOI). About 2 g of sample was weigheq, ignited”

at. about 1100°C in a porcaline.cruciple, cooled-in .a

‘desicator and reweighed. The weight loss was assumed to

be.que to volatile loss (= LOI).
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- © "Appendix 2 - Total rock &nalysés and.normative T
: values of the Halaban rocks. .
. - \
hY . 4 .
. - 2 A2 A3 Ad A5 - A6
164 14 0 165 193 257D 84
. sio, 46.05 . 50.59- _ 49377 48.38 47.60 46314 )
Ti0, 0.58 0.68  0.78 1.06 1:10 1:83
. AL,0, 15.16 17.28  -19.80 16.44 17.40 13.05
. . = Fe,05 2.40 2.39 2.22 2.37 2.63 2.75 o
F&o \ 8.10 7.90 7.50 7.76 10.69, 11.08 i 4
%no 0.26 0.20 0.10 0.24 0.19 0.30 ,
ugo‘ 9.52 7.29 3.33 ‘4021 4.22 4.03 -
cad 14.20 10,59 - 9.28 . 6.47 €10 12.48 .
4 Ra,0 © 0.90 3.00 2.98 "3.29. - 2.28 1.31
- \ K\0, 1.06 ¢.06 2.01  * 1.68 1.00. 0.15
\ PO, 0.65 - 063 ¢ 0.25 . 0.60 . 0.53
- L.0.1. 1.10, - 0.79 7.70 6.65 6.35 -
Total 99.98 , 99.98  99.93 99.85 99.95 ~ 99.97
~ : : ’ -
rool 1 T 1.37 2.42 2.35 2:95 3.36
" n Hg0 N
= . - 489 249 - 556 597 431 415
: ) . 357 Dol . .
Ba 23 80 14 35 26 7
Rb o
° - : -~ E SN
o < . . Norms (CIPW) . . «
T \ Q - . - - - 6.01 6.30 L
" mapen or 6.33 - 0.35  11.97 10.77 6.90- 0.91 ’
. ab 7.69 25.13 - 25.42  ’ 30.20 20.60 11.83 .« i
an 34.55 33.72 34.99° | 27.26 28.34 . 31.27- s
.- cor - T - 3448 . A
i ° ) ai 26.30 15.47 5.82 ° 4.82 Zn- 26.24 - *
o hy_ 6.19 16.58 7.98 © *18.94. -27.2 14.27 < :
o1 . "12.75 | 4.04  17.46 1,45 0 - -
. mt "3.52 3.43 3.24 3.93 4.09 4.26 :
- i1 1.11 i.2s 1.49 . 2.18 . 2.24 “3.72
. : - ap 1.58" - 1.62 0.64 1.62 7133
\ s : ’ '
P . Trace elements (P.P.M.) § .
- / . cr * 307 - 125 51, 17 z 3g 14 X
Ba 410° 160 - 428 697. 543 21 . |
) . *Ni ‘g2 2 32 16 9 - 5
Nb o, 5 4 R 2 v =, -
2 ’ i > 20 3 35 % o, 94 . 61
. Y " .10 6 18 27 f 17 28
‘ sr 197 356 - 300 591 320 ! 253 B
.- - Rb 18 L2 30 20 21 .3
¥ . . .
R Feo® = Fo,0, x 0.8998 + FcO ‘ A
"" ‘ . Lo \. . N , )
. .,?‘., ] . ; MA
N A ’f\. ) ! i
. . . : -t -
’ - A
) 3 . )
B \ ¥
I R S R T - i
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. Appendix 2 -~ Contin. . . o Cor )
PR PRI ' " - - d I -
: J: < . ‘ el - P ! ¢
M N e . e . ' -
. . \. - < < - . & N —* =y . N -y S ~
. . . . Bl Y] B3 B4 B5 L. € .c2 c3 c4 Lo e >
. b — -, - .
: - 06A , 205 19 207 - H0C ] 498 304 254A gy 255 . e .
. ’ : $i0, 61.29 54.42 64.67 57.95. 64.21 55.18 62,79  63.17-%57.49. ) -
* . N P Tio, 0.67 . 0.83 0.63° 0.63 0.54 . .40° 0.37 0.30 : .
3 . "7 AL, 14.48  14.57 05 +714.69 15.09 15.88 ° 8.58 . 1%.58 14.11 .o, S
E . Fe,05 ° 2.40° 2.49. 1.8 1.86 ©  2.34 1,68  2.10  1.89 9
] Fe0 8.09  6.82 3.03 3,24 6.93 1.60 ' 5.20 3.49-
R ~ Mno 0.1 " .20 0.16 0.08 0,17  0.17 0.13° 0.10° '~ .
L MgO - ,3.40 5.7 ' 2.57  1.96 5.65  2.15 3.22 1.800 . -
i S . . - i
Cad 2.28" * 8.30. . 7%87  3.23° 5,01 12.27 7 5.95  6.10 .
g o Nay 4.68 2.9 3,56.. 5.38, J3.14 0 T 2,10 2.48 2.79
¥, R0 0.07 -8.69.-% 0.52  1.36 <0.39 0.49  0.15  0.98  D.64
. 2 ; . o/ . - g -
5 ©L_By0g T 0.17 708 0l14  0.47 014 ' 0.66 0.35 0.6l  0.06 - p
: - N . 2.0.1.° 2)/7/.0?91 +3.05 “5.90  3.73 - ° ' 17.56 0,25 1.25
P - - - = - . — —
o et = . lotal 99.96 99.98 99182 100.01 99.9% ,99.99 100.01 100.04 100.02
* ry - g !
g - , . W9 - \‘) o T
- % ) ) ; ° ) . o . - \
f Feo® . } Sy oy a : . L
113 . s ‘ﬂEO—‘ \3.01 1.93 1.03 3.‘81 2.51 1.60 1.45. 2.20 2.88
N R - T . & L . . . o
;- : N ; - ' ) . - ; .
- L.. . . ; ] B ) _lifd . 441 480 . 235 324 1017 242 . ‘"407 443 . -
- \ P Ba - . . ’ .. .
: - . ‘ 22 60 . 18N, e, 10 13 . 5%, 1i 19 - 25
L . - <« T L N ) 4
P30 ‘ - R i ' " R - . . :Norms (CIPW) A . K R .
> V Q 19.27% 6.06 17.61 15.50 21.17 7.3 33.16 25.80 32.80
3 . ) ‘or 0.42 441 . 3.18 -8.53" f.w ) 2.89 v.96 5.80 3.83- 7
¥ . a 40,53 25%27. 50.54 - 31.9% 47.31 Y. 26.5b. 19,29  21.62  25.90
- ® an *_ 20.45 ,24.95° 14;04 21.37 15.7) 27.82  14.70 _25.62  24.38 .
. . v . ceor 3.03 - & - 0.29 - e ' 107 - \ A
- ' L di. . n13.5§' .10.88  13.7¢ - ' 910.347  15.65 - 4.86 St
v : ~ A . . . . -
oo . hy . .21.01 "3.24 ‘= - 3.63° 8173, 19.18,, - 15:49 6,73° - -4
L0 mt 3.56 ) 3.64 ‘0.48 2,08 —iwep 38 . 2.64 3.0 2,97 % R
B e i1 1.30° -.2.59 1.04° 1.27 1,24 ¢ . cT1.02 0.43 0.70 0.58 . N
N : e ~..apse  0.41 -Q.19, ".0.34 .1.18 0.3 - 1.56 0.90 1.9  0.1% o
» . » g . “a . PRt
v 2 i ' T MR ) S
* e ," LR : ) B ~ §.
) _— ] ». . s - s . Trace .elements (P.P:M:) . , P
% « e " orer 624 273 221 86 o AR § & . 1 25 "6 . . &
b \ Ba -t 119  23) 73 456 126 .. 215 54 371 ‘298 o 3.
E - - "N - - 192 78 9. 3.~ 34 . 3. 17! 4 g R ,
. N . - h Yoe. . . , i %
* ’ T ) @' i T "b A . 07\ - '0(8 N .‘:.'.:' 9,‘ * “6 12 7 ! 4 7 ' 3 N * a R
: 'y N 96 - -84 164 173 . 194 . L4 0 a2 46 63, ~ - :
- R TeoyN t.290 31 0 6B 75 7 29 L N4 16T, 18 16 3
. R : . " . 2 : . . o 1Y
= . v O % igs 207" 206 437, 226 ¢ 253 177 233 240° . - 3
e N S LA 3.0 13 9, (48 10 7 vhwes - 4. s 20 12 A
2 “~ . ‘ . .t . “ \»40 Al N at ® “t '
'- t ) - . ¢ - i
7, . . . .Fe0~ = Fe,04 x 0.8998 #4<FeO " PR A PR . ¢ b 38
A - . T 8 .- o o o N
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\ x and ¥ wcxo omitted ‘trom varxation

Ni..

d"iagram; because thg'y do, not co\r'rtgin Cror

"

- ef e § - ‘ 2 -’ . "3 . “ . -
\ . -
. : ) -
had . t ¢ v -
: L 145 '~ .
\Aﬁﬁenq{tx’i %2 - Contin.
& . - e N . , °
oL - b2 Dp3. D4 £l E2 .. E3 X .y
0 g = n res T n R “
e . A0 18y 182 183 T 109 "u3 253 308 2843
s +5i0, 49.95 54.12 52.78 65.99 69.55 776.17  78.17 54.87 63.53
Tio,  0.43  0.70% 0.87° 0.57 0+30  0.21,  0.4% 1768 0.43
M0, - 15.53 16.28 18.10. 14.24% 1471 11.86  8.32\_ - 15.74 14.62
Fe,04 . 2.19  2.21 2.31 1.79 1.83 1.7  1.80 2.51  2.315
Feo 6,22 6.34 7.29 2.55 2699 1.54°  2.94 8.16  6.33 -
MnO 0.20 0.25 084 0.08 0:14_.0.14  0.20 0.33  0.22. .
¥go 8.56 5.55 5.39  1.43 0.73 . 0.55  1.91 4.55  1.66 C e
. CaQge 11.47 .92  3.64  3.46 1.48  0.62 - 5.08 _ 4.01  6.43
| Na,0* 2.61 5.16 3.5 - 3.95 6.60 ‘6,48 0.0 ’  5.19 1.51 . -
o K0 0.65 0.45 3.13  2.49 0.66 .07  0.51 0.16 0.40 .
" P,0g 0.33 ° - «0.22 0.15 0.0f 0.0Y 0.65 0.99  0.65 ) -
L.O.I. 1.38 'l 2.64 ° 3 29 ) 0.90 0. 61 ; 0.10 1.72 1,99
Total $9.92 99.98 99.97 o998 99.91 ;w ‘92'/200.02 - " 99.91 99.97 *
. 3 ‘;-* . ) : ‘,;;3::*:" \,,..f“JJ gy M.-—-L./ N(cf:. ) L
Feo 0.9 1.50 1.74  2.9% 6.35 5.53 2.39 2.29) 4.93
F50 . . 74 2.9% . . .39, 29, 493 ; )
W 59 f1s. s 400 .~ 59 29 302 268 369
Ba I L. N :
22 20 21 7 18 18 ., 41 32 % 17 . 48 2 -
- . > ‘\
o e Norms (C1P%) , ,
o - - .822dus9 3.08 35.71. '62.57 6.68 135.17 :
or - 3.89 | 2.65 19.01 15,22 3.82 _0.42 . 3.01 ' 0.96 2.41 o
ab 22.40 43;33 30.04 ,34.56 56.40 55.21 _ 0,08 44,70 13.03%. T
an 29.09 19.87 47.08 14.73 7.15  3.03 .20.98 13.73  28.25 -
cor - - 302 - 0.57 0.02  0.06 -  2.12 1.58 . .
ai 21.28 “19.83 \2‘- 2.05 - - - ’ - = ) ; :
"hy 11.25 7 - 4.36 . 5.17 5.62 '2.75  '8.32 22.47. 13.96 ) B
ol 6.3\ 9.55 - [ - - . -t - - .
., ;t 3.237 3499 3.44 2.3, 2.68 2,44 2,60 ° 3.70° '8.18 Rt
i1 1061 1.46  1.69 1.12 0.58 0.40 " 0.82 - 3.25° .83
ap 0.80 - . 0.55, -0.37 T0.20 0.02% . 1.54 2.3 2.57
s 0 el . - - N <.
C Trage elemgnts AP.P.M.) ] - . ’ .;‘
cr 436 183 115 21 NS SR S - -- :
Ba 180 190 86l 785 - 285 63 234 239 193 .
<N 121 LERERE 9. % LR - -
.. Nb 3 7 6 6 1112 .1 o5 6
- 2 7297 42 77 7 23] 318-317 - - 103 - 148 18
" 26 26 19 28 8- 79 « . 27, 35, a4
*osE - 37 c26% | 387 437 86 82 . 277 _° 181, 240 - .
"gb h 9, 9 48 .44 7027 - e 5 9 . -
Foo® i F¢2°3 % 0.8998. % Fé0 . S




LG

e
AT

"h
%

ek

x

A

g ged

Rt

z ) ; y
- - " “v. 1
w & - )
v < e wem
- - -
Appendix 3 - Potal rock analyses of the marbles. z
.. | .
. Ny - =] .
A 198 2652 265¢C 268 2818
$i0, 2.30 13.39 17.05 3.88* w30, 43
Ti0, .07 .09 .07 409 SLoL.02
A1,0, .22 .55 177 1.06 .06
Fe,0, 210 1.60 ' L1300 .12 1.64
FeO lle?L .82 .19 .17 .30
MRO 02,0 23 ‘ .04 .02 .02
MgO 22.41 14.36 19.28 .59 14.50
Ca0 \ 32.69 33.46 27.73 54,22 =~ 22,97
’ - - - - R & -
Nago \ , , . .
K,0 .04 - .04, .10 -
P,0q .05 - S .01 .06 -
L.0:I. 42,44 36.92, 36.30 40.45 30.62
Total - 100.49 101.43 101.01 ~<100.72 . . 100.43
\ Trace .elements (P.P.M.J
‘cx =0 5 _ 1 6
Ba 30 81 a2 .21 1l
Ni Ty — - _; ;“:‘i\—‘ . % 5 8 - . l
* . L = . v -
Nb . 2= 8 - T2 5 S
Tzr 5 o 5 5 17 -
‘ . ) s . ~ e -
st . 114 .= 165 53~ - .1808 v ob.
/ . et » .
Rb ;4 4 L33 6 6 - 1
: S - ,
. AL,
- . s B , . h' -
N - V* ‘. . ~ -
[ ' \ ¥ *'#ﬁ?
5 AR i
: T ) -
* \
:
. v
Y -2
L#»; ws:‘& precy “"'“‘":‘i‘?f&" Ty e e 8 o -
(;’,'v‘ < ‘:}' 2y v\':%ts%ée i’i%"‘"‘«" < K > ' # . o
¢ 5 i«;\;kt‘wi&\%(‘?’*”w‘*;'m A — wip Y
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. Appendix 4 - Total rock analyses-and norma- -
. -tive-values of the Abt ‘Forma- - .
e R tion. . . = ) e
- . |
- = U s U 2 By
. N - ’ N e Taeve . B N - ’
. : . . 2694 276 ' 2788 # 283 .249, .
..W \S.\Oz 47.33 - ,45.75 . 49,63 46779 a‘40.24
y Ti0, - 1.92 2. 08 " 1,09 ° 0.98 0.62
Al,0 e * 14.19 - 14.73 - 19.4c 17.71 -, 11.87
: ' ) . Fcz 3. = 2.87 2.89 2.3 ©° 2.5¢ 2.16 ( S
o ‘ . - Feo 12.25 12.50 ©7.58 9.38 6.62 .
- - " Mno 0.2 0.24 0.17 0.22) 0.20 .
Mgo 6.4, 7.39 Lt 3,67 6.75 - 5.68 -
© cao T 10.53 11.24 10.04 10.22 16.34
. . T Najo = 2.8 | 1.52 2.48 2.39 0.82
R K,0 ~° 0.33 0.17 TC.. 1.0 1.01 £ 0.93
. ) P,0, 0.19 - 0.20 10,34 0.28 0.32 )
SN b L.0.I. - 0.91 .19 1.96 1.83 . 13.73. - ‘ ’
B Total 99.8] 99,30 99.95 . 99.90 99.53
réo” ‘ o ‘
‘ g 2.29 2.0%% 2.64 , 1.73 1.51
K N . -
X 391 . 282- . 761- .- 524 . 270 ;
Rb A o e,
Bafm . . 6 - w .
1 . 3 19 | 13 4 _ 5 .
' R’ o . . : . .
R 1 “x - ~ X LA ~N
. ( Norms ™ (CIRNM* N -
~ - : o - - 1.84° . .-
: P or = - #.97. 1oz - 1.17 "6.08 . 6.16 H
- ' . @b 22.06 13,02, ° 21.41 %" .20.61 0.70. . . ;
. any 26.44 33.28 39.22 35.28 30.25
4 - di 20.89 18.12 7.79 12,00 . 50.58 . T
L ¢ 11.27 2027 16427 .48 - . . &
: ) i ) " o1 W 1.8, - 1561 T 227 SR .
3 mt S, 4200 L 4024 "« 3.46 7 3.75 .. 3.65. . b
s ’ - B S S . 3.68 4000, - 2211 1.51 137 o o
& R S e . ap .+ 0.45 0.48 . 0.82 . 0.68 _ 0.8 - - .
. s ne . -- - e 3.99 .
d & . N . . o
s .- . . Trace elements: (P:D M ) ) . ) N
4 A _cr Y Y S 47 . . .98 ™" 128 L e
2 Ba . 136 ¢ 90 267 .. .180 . 11 . . .
g Ni” 40 - a7 . 15 12 . -25 . ] S,
; N 3 4 . 2", a - -
i LoooEx s .90 98 . ‘84 - 3% ¢ 29 .
;’- N ot : - - B . . 4 » A
3 _— Y & , 19 R A 18 L o S
: ) s - 174 ¢ - 469 545 7590 = 245 - - \
S, ’ . ‘Rb ., . 7 s 12 . 16 . 26
£ .
: N
\
et
: . .
: .
i &
; : ER

""%""W{m%
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Appendix 4.-= 'Contin. -
»
“ cl c2 c3- c4 el c6 c7 cg -
2 13 . 5% 69 110a 3¢ 130 A3
$i0, - 67.36 61:'37 65.33 64.79 67.61 63.28";,654.72*'- 62.55
“Tio, 0.44 0.64  0.67 0.64 0.60  0.72 0.61  0.63
Al,05  14.49 -13.89 14.06 14.74 13.48  15.17 15.15  14.30,
Fe,03 | 1.77 T1.49 T 1.93 T1.90 1.86 2102 1.89  1.88
FeO 2.41 3.40  3.84 3.64 3.10  5.20 3.63  3.38
MnO 0.60 , 0.08 ©.02 0.09 0.03 0.i2 ‘0.08  0.14
Mgo 1.81 2.83 . 2.72  2.30 0.64 3.55  2.72  2.13
"Ca0 *  2.67 .66 4.12  3.56 2. 3.6 T 2.86  5.72
Na,0 3.14 3.35  3.31 3.57  4.15  3.01  3.00  4.14
K,0 2.41 1.0l 0.98 1.78 0.89  1.00 2.20  0.81
. P04 6.14 0.69 ©0.18 0.16 0:14 0.7c 0.2} .0.20
*L.0.1. 3,19 2,15 2.74 2.65 4.79  2.03 2.92 ' 4.1s
Total 299,89 1200.01 99.97 99.86 99.84 200.02 99,99 100.04.
Fcot 3
oo 1.82  2.05 ' 2.33 7.46  1.98 1.9 - 2.3}
'22,’?‘“20 3 222 3 21 .42 #16
: . : wan NOTmS (CIPW) S
0 31.82, 35.06 28.68 25.39 34.26 29.43 -28.14  21.56
or 14%73 6.10  5.96 10.82 5.53 6.03 13,39 4.99
"ab 27.47 28.95 . 28.80 31.08 36.94 25.98 26.15 36.53
. an 12.76  8.92.-19.82 17,11 12.36 10.98- 13.22 18.81
cor 2,27 ' 4.17 , 0.50 .0.87' 1.46  5.30° 3.23 -
S - -4 - - = 74
7.09  11703wldwél 10.24  5%06. 16.07 11.35, 5.79
2065 © 2.87 2,88 2.83 2.84 2.99 2.82  2.84
0.86  1.24 1.31 - 1.25 1.20 1.39 1,29 .1.25
0.34 1.67 .0.4¢ 039 0.35  1.84 0,51  -0.49
. . -» Tiace elements (B.P.M.)
130 93 178 112 -85 120 147 108-
258 12 251 515, 158" 327 , 581 239
24 0 .35 -38 .- .1 30 35 3
11 13 s Yy 13 9 11 .6
+ 178 191, 183 0 185 182 168 ° 160 . 170
.27 5 28 - -25 '28 38 23 32 27 ..
<1390 244 401 382 177 "248° 422 520
30 8- 29 49 19° 25 65 v 23
'Fe0®t » Fe203 x 0.8998" + reo. - . -

A

\
«
.
-
A
-
.
P
o .
»","
- -
«
»
\
v
.
A -
.




4 - . . \ ’
' 3 ) N
B o e .
) _ . 7 149
- L ‘ L. =
. -, o v \ - - >
' . ) .o S -
e - v
3 S : * Appendix 4 - Contin. . ’
C st R - e o k -
3 5 e :
4 . - R . - - N &
i .. - . - N
3 co c1o0 cli . c12° .- €13 Cl4 . €15 c16 .
; , - 137 166 208 218zl 220 231 - 236 s
3 - $10,  66.64 62.28. 65.50 63.23 '61.43 58.50 64.65 65.08 =
- TiO, . 0.60  0.75 0,70  0.72  0.70  0.72  0.57 0.2 + .
) o . AL,O, 13.16 15.46 15.53 15.24 '15.12 16.03 ~ 15.09  14.83 f
' . Fep03  1.89  1.96  2:00 1.9 2.08  2.17 1.9 _ 1.8
. Feo 310 4.18  3.86  4.18  5.25 _ 5.78  3.10 * 3.63 .
.  MnO 0.09  0.10  0.10 0.1}  0.10 0.14 0.10 " 0.09
’ Mgo 2.36  -3.19, 2.98  2.89  3.83 4716  2.35  2.38 % :
o cao “4.05 ,3.19 ' 2.69  2.74  3.30  3.00  4.15  3.20
' o Na,0  3.76  3.23  3.38  4.24 . 2.94 2.6  3.28 - 3Us5
- K,0 1.07 171 1.87 1.8 la3.37° 1.76. 193 2.14
: ‘ P,0g 0.12 _0.20  0.72° 0.20 0.24  0.48° _0.17  0.18 - -
0 L L.0.1. 3.17 3.79.  0.58 3.18 168 5.01 2:65, 2.41
] v ¢ Total 100,01 100.05 99.91 99.91 100.04 99.93 99.95 99,99 b
3 ' Ead |\ E
Feo® 2.03  1.86 1.90 2.07 1.86  1.86  2.05 2\'34 .
. m" - - i - . . - » > - . T
® ar s .22 .35 .36 .22 .53 .45 .37 .38 - a
3 - "}‘(2—0‘Na20 , P ~ *':_.
§.~ - . . . ) ’ . . K
i'. - - . R .- Norms (CIPW) . L ‘
. . - g . 28.96 24.58  28.63.. 22.82 16.42 25.54 25.42  25.00
. - . - -of 6.53° 10.50 11.12°  7.20 20.24 .11:08 11.72 1296 &
LT ab 32.85 2839 °28.78  37.17 --25.29 19.26 28.52 30.78 ~ 7
; / ' - an 16:39. 15.03 8,74 12.71  15.06 12.53 20.03 15.07 - . e
b oA ' cor - 312 4.79 2,55  1.23 - 6.54  0.48  1.31 "
) e ‘ ai 2.89 S P - . A o
g . Thy ¥ 8.08 1 13.45 11.96. 12.66  "16.76 1919  9.47 10.43 = #
e .- . "-nt 2.83 . 2.95. .2:92  2.98  3.07 ° 3.32 72,85 _ 2.79 i
: i1 1.18  1.48  1.34 141 1.35  1.44  1.11  1.21 ST
1 ] ap’ 0.29 _p.si”"’- 1,72 0.49  0.58 " 1.18>, 0.41  0.44 ) I
o ) . : i ' o ’ Trace ‘eleﬁenpg','a(P:I:.M.) " .,
il ~er ., 141 175 145 120, 287 95 84 101 . &.
L . . “Ba “Z74 625 481 307 765 424, 491 677 -
1 < NP - 34 .44 * 46 47.- 89 ‘62 4 3.
“Nb e §° 7 12 6.2 6 7
i S 2r 152 207 195 182 164 155 137. -.-166  wm
. T Ty 23 . 30 29 29 32 28 <. 26 . 28w 8w
¢ o s 323 301 288 268 243 225 3le 521 R
’ SR . Rb =31 - 46 . 3 -32.° 75 51 53 55 . w
1 . NN . >
% . . V'Pcog n Fcé‘o?‘ xuo.89§8_~+ FeO. o "m v ¢ .. e O e
; ) *K,0%Na,0 recalculated at 810, =65 wt. 3. %~ 0 S
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C Appendix 4 - Contin. ' ] N o .
&, M . ‘- .
I3 ‘ = ’
. . - \ -
: v '*":- - \
14
. . \ C17 ., €18 cl9 | c20  c21 S224. c23 -
Ca oo 238A 242" 243 246 247 273 282a
; $i0,  65.40 62.84 - 65.70 60210 ©65.97 63.13 64.81
e : 1i0, 0.57 0.7  0.68  0.79  0.55  0.63  0.81
o . * U ML0; 13,997 15.58  14.65. 15.38 12,22 13.60 10.6) A .
Fe,0,  1.86 - 1.96  1.96  2.09  1.92  1.98 2;5‘3 =
- Feo 3.25 - 4.16  4.00  5.23 .3.11  4.01 899
PR Mno “0.09  0.09 - 0709  0.56 |, 0.13  0.09  0.35 - -
Mgo & 2,32 3.05 2.78 3.16 4 2.30 3.01 739 /4
- T Gao 3.59 1.99 2.15 3.23 4.65 5.36 6.99 -
T L Mao 3:32 3.22 4.20 0.98. '1.97 2.95 1.08 .
: S . K,0 1.86  S.5g 1.3  2.92 1.98  0.9%  0.42 .
‘ : P,Cq 0.14 0.19 * 0.18  0.47  0.45 0.14  6.29 ’
L.0.I. 3.69 0.68 °© 2.31  4.97 (469 5.08 -
¢ g Total . 190.08 100.07 .200.13 9988  99.94. 100.89 100.34 .
——— < — -~ N
. v e "
e N : l .
e . >t . . -
Fee- 2020 194 2,077 200 192 3.22 p
: - X 0 B . ' ",; . L. . o
¢ 20 .36 .63 .25 .75 . .50 .24 .28
. Ky01Ka,0 ) . W .
. - ; e R :
. f - . ke Q”’ix ~
. - . \ . - Norms (CIPW) e hacd .
- b é . 2nE3 1237 25.94 31.09 35,27  26.79  33.30
, ) : . or 11.40  33.06°" 8.64 18.15 12.25 5.6l 2,47
- R ab 29,14 27.41, 36.33 8.69° 17.42  26.05 9.10 Y
- A .o an 17.54 8.70 9.71, 13.64 19.56' 22,0 '22.77
’ . cor 0.33  1.10  2.77 " .20 - = -
. e © . -
. . ' Y- S - - - 2,59  3.84 “8.35 )
- . . @\D RS X2 9.79 . 12.62, 11,95 16.29  9.00 11.02 18.17 - ;
. . LR mt 2.80  2.86m, 2190 3119 2,93+ 3.00 3.61 ’
- ) [ § ¢ 1.122 1.53° 1.32 1.58 1.10 w»1.25 1.83 ) )
e o ap 0.34 0.45  0.44 ~-1.18 M2 | ag3s 0.68, — -
. ~ " M ' [y . %‘.
. - , . ‘Trace elements (P.P.M.) ¢ .-
o130 1290 - 141y 95 "78 92 - 52 o .
e 520 ~ 707, 502 733 ' 4718 258 44 .
A T M he .. .. . ']
- 10, 4 45 45" m 27 23 ? .
10 8 6 10 8 : 1. -
; . 178, 193 - 171 g 166 I36 151 83 :
) A .29 27 L 34 25 926 40
.- ’ -
366 319 372 .- 147 287 315 13_:;,M:::;UKw
- e 51 69 46 89°. 54 24 5 g € ’
» T ¢ - P = v > R » N
e .FeQ = I{ezow.8998 + FeO. .. . { " .
. N~ ) Y . - - -
. , *K,0d,0 recalcilated at;SiOz = 65 wt. %, S .
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Appendix 4 - Contin.
cfi.” - - ) -
c24 c25 26 “c27 c28 c29
- A = . *
15, 57 2 {Aﬁ s 233
sio, 71.03 68.77 66.50 —%3.01 ~  68.53 70.28
TiO, 0.70 0.56° 08 - o.32 0.50 0.21
AlL,0,  13.61 14.35 13.51 ~#13.10 12.57 15.05
Fe,0, + 1.77 1.70 1.80 1.52 1.75 0.60
"FeO : 2.90 2.87 2.80 1.2) 2.80 0.88
Mno 0.07 0.07 0.99 0.05 0+09 0.04
Kgo 1.67 2.36 1.99 1.19 .. .79 0.54
a0 2.31 3.37 3.00 2.8¢ 2,84 2.57
Na,0 5.72 4.08 . 3.64 6.26  4.30"we.6.89
K0 0.38 1.35 1.56 _ 0.57 0.46 1.04
“P,0, 0.66 0.69  0.26 0.61 0.17° 0.08
L.0.I. - - ¥ 4 - 1.21 1.90
“rotal  100.82  100.07 99.84  100.72  99.01  100.08
*K,0 . - * )
K670 .06 .23 =30 .08 .10 .13
i ' - . -
Norms ~(CIPW)
0- 29.16 30,01 - '30.38 -~ 29,20 © . 30.47  21.25
or - 2.23 7.38 9.65 3.28 2.78 6.26
ab 47.99--  34.48 32.24 5171 37.19 58.37
an - 7.13 12.24 14.49. - 1.04" 13.94 - 7.20°
.cor 1,14 1.79 0.79 -~ " - 7 - -
ai - S - 72,32 7.56 4,30
hy - ,-6‘9'4' "8.94 8.36 2,31 . .3.87 S 0.14
mt - 2.54 2.46 2.73 “2y14 2.59 0.89
1. 1.32 1.06 © 0.95,-  0.59 0.97 0.41
ap -~ 1.55 1.63 0.40 1.41 . 0,41 0.19
. ﬁ* R . .
- - . . . - A
Trgce elcmgnts _(l’.if.M.? .o . .
. Cr 93 I S B - ‘.66 4
Ba nr’ 364 o442 L 183 145 420
Ni- s 45 15 - 22 . 14
Nb T 13 13 3 8 -5 1
zr © 191 140 108 140 97 C72
Y. .28 26 2 . 2 20 - ‘2
sr 244, .295 280 142 . 522 ... 693
Rb .. 8 33 86 9 14 35
*K,0 and Na,0 recalculated it .Si0, = 65 wt. AD . .
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. Appendix 5 - Total ‘rock anaLyses and normative .values of the
X ' ' Shlgran carbonates and the magnesite and barite .
, T . veins of the Al Amar-Idsas region. . .
. ) .
= - Shigran Carbonate
1133 121B-~  208E 3097 312 3138 © 315 .7 316a
sio, 38.38 31,30 32.23  24.25  33.14  25.42  41.48 ©°  37.09
TiO, 13 037 .04 .06 _ .05 .02 “.07 .03
: B0, 169 .54 .44 143 .44 .23 1.93 1.41
Fe, O, 1.93 1.89 1.89 1.96 1.91 1.e8 2.15 3.os
‘FeO 3.86 3.49 3.53 4.14 3.60 3.41.  5.80 4.94
' , MO S S & R & AR 1 09 s .19 .18
2 - g0 '6.64. 26,37 24.74  19.61  28.15  35.19  12.56 20.70
ca0 24.07 5.41 6.98  18.32  '2.47 .58 14.70 11.77
Na,0 - - - - . - - < - -
K0" .22 - - .04 08 - - -
i ) 'pzob .01 - - - - = - -
L.0.I. 22,99  31.27  30.27 -7 31.44 31,04 _ 33.53  21.81 22.25
. Total 100.11  100.30  100.29  100.34  100.97 _180.26 100.51 _ 100.25
reo* .84 .20 T2l .30 19 L. 14 .62 R
MgC o - B - \ - .
i . o Norms (CIP,:!YQ o S P K
-0 - S - ORI A 2.391 -
Or - - - 68, - -
ab’ - = - - ‘- .- -
3 an 5.26 2.13 1.72 - 1.38 6.69 4.93
;:" ai 61;4:7 28.83  37.57 12.67 - 68.€7 55.23
] hy. - 8.38 6.53 32.15 - - 18.12 2.93
] 0l 2,43 56.60°  50.15 “49.03 . - 33.02-
) mt. 3.71 3.97 L 3.92 3.96 3.96 3.81 .
, RS .33 08 . .14 .17 .07 -
ap - .03. -~ - e M - -
L. ' - . Trace element (P.P.M.) .
~ “er 1598 2269\| 1967 ©* 2321 .2079 3886 - 1836 2229
> Ba 54 = e 20 L1552 7 @ 90 130 - 30
- Ni 737 . 1666 1592 1649 1683 2466 1098 1529°
' NbB 9 9 4 s 11 21 5
. or T 9 - e D -
- Y R . § -3
' T osx- 362 263 481 533 _ 288 - R -
Rb _:' .. 9 v 5 .5 Y 2 - 3
. ) Feo® = total irfon (Fe,0, X 6.8938 + FeO) .. o -
Vo : T . R o .
e ’“ e ! - -
: - , e
: - ‘ , 'e\"s , . ’ VoS . /
‘ ) :I\JD LT . . . 4 -
i L e
e T aw", o RS \
S35, o R o s e f‘““’g“?e“ »s:i:» ST
A em T ’?‘:‘tﬁ‘ézf VY, TR e T <7
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‘ %J Appendix 5 ~Contin.
". N . . . " " ; : - s
3 . )
= ~ - - . ° ¥
Altéred Shigran Carbonates Magnesite Barite .
. 110B°  113a 222 272 322 114 .
, $i0,” 53.42  65.78  47.65  -33.68 3.44 .8l -
s > Tio,  1.89 1 .38 .07 .08 .06 wdl’
; Al,0, 15.44 11,03 .59 % .8l .06 4,78
Lo 2 & :
" ' Fe,0, 2,307 #2.07 1.58 2,42 1.67 .04
o ) FeO  .7.20 5.06 .75 8.19. 1,52 .11
‘ MnO 7712 28 ' L07 .18 ,04 .11
f Mgo  Ji.98 .28 «l1.02 7.64 22.78 - .76
]l Ca0 5.61  4.79 a.16.494% 23.2] 30.77 .90 S
| Naj0  4:52  4.10 e - - - &
- . K.,0 .30 .06 .14 .0 .12 .07
i - ? . L ’ 91 ! 0
: - P05 . .85 .12 - .- .02 .89
: L.0.I. 6.14 - 6.12 21.92  24.21 39.85 -
; “fotal 99.77 100.02 100.29 100.50  100.32  *~ 8.88
I ” . i - : . 2
3 s . reo’ 4.68° 23.73 .20 1.36 A13 .19 :
E ‘\ ?190 B .
: s : . Norms (CIPW) b 4
: 0 10.51 . 32.40 16,24 5 -
: . S or Y1089 .38 1766 -
; * c . N s k- g s
' . ab 40.82 36191 - - .
: . - an 22.37  12.25 1.53  2.89.
ai S 1.247 10,79 75.75  65:89 .. :
’ hy |7 13.63 3.00 - - o
ol ~ . - - - 25.16 - .
‘mg - _3.56  3.19 ,2,92 5.22 A
il 3.83 a1 a7 .23 .
“ap  2.15 . 130 - - %
. I . . ’ '1 . Trace elements (P.P.M.r‘)‘ !
‘ - cr - 15 438 821" . 87 -
° Ba - 180 -~ 5166 21 243, 3 (51.88)
! Ni 102 . 113 ¢ 377 .38l-  .151 -
- " Nb 32 12 .13 - 6 9 8 : ;
P ¢ ot g’ N '
zr .. .259 63 16 Y o5 - 69 s
o w
) ENE S Y 14 - - . 68 - ,
Sr 364 235: 2i65 706 892 2703 .
> . Rb 7 2 ‘g 5 3 13
- FeO* = total iroh (Fe,0y X 0.8998 + FeO)™ . T .‘
- . . . \ ‘ L &
\“” ) ‘ - : . A
ket > 3 ‘ g
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Appendix 6 - Total.rock analyses and normatlve values of the '
.+, ~Ultramafic rogks. ) -
-. i x‘ * ‘._ - N
- : = ;
- e w X ’ Ultrama fic . C . -
190 195 °  -260 2808 287 224a -224B  224C
sio, 41.2> 41.69 41.35 . 37:95 29.53 ' 15.18 20,12 4'..‘.18 i
Ti0, .07 .06 o c.1s 109 .05 .21 .15 15
[ AL,04 ) 1.33 1.05 5.89 1.00 .60 2.42 4.78  \10.81«
Fe,0, 2.00 2.24 2.45 2.76 1.95 2.75 , 2.05 2.52
/s FeO 6.06. 6.66 * §.09 '~ 11.29 4801 11.18 * 4.91 9.16
//Mno a3 .14 A7 22 17 .08 41 .18
MgO 38.73 39.22 | 29.52 , .37.13 33.73 5.49° .70 18.62
Ca0 .13 .02 6.12 1.38 - 1.29 35.57 33.01, 9.94
_ Na,O .05 -8 - - - . - -
K,0 .04 .01 a1 .03 .06 - .05 - g
PO, .50 - -. .01 - - - -
L.0.1. 10.66 10.7Y €.37 8.83 29.30 27.56 27.08 7.4
Tatal 100.92 - 101.80 99.33 100.68 100.70 100.38 100.88 100.09 ”“"m

g “peo?’ | .20 22 .35 .37 17 . 2.49 .78 . .61 g
McO o i |-

. ' Norms (CIPW). -~
Or : .06 %9 ©L19 .50 - ’
ab - 1.62 - - -
an J11 0 15.89 2.87 2.05 31.82

< . cor 1.10 - - - - . - ) -
. ai | -~ " 13.00 3162 5.43 17.13
* - hy . 37.50 12.89 - 12.92 2.72 19266
" e ol N 57.54 .51.84 '~ 75.83 85.22 W 27.14
mt Vo - N 4.36 3.96 3.94
. iY 13 .30 .19 .13 .31
- ap T .l T +03 -
; : .o ‘ tL:race ,elemer;"ts (P.P.M.) '
Cr 2603 ' 3019 . 2007 2827 2482 714 409 887
© TBa - 296, 10 13 14 260 210 100 10
Lomic . 2mad 2537 971 977 1950 317 205 359
. Nb - - ) 14 - 9 22 1 - -

; ‘2 2 - 2 3 = 2 Y3 |7 -

° Y - 73 6 2 "4l - 2

o . h "

VR sr . .10 3 w54 24 39 '114 361 409
T Rb 1 1 9.5 2 - 1 - 4 ‘
Feo+= N

e
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- Appendix 7 - Total rock analyses and pormative- values
: of the‘gneissic granodiorites.
< - ‘ '
":‘"
\ ’ " Gneissic Granodiorite (Basement)
- [ 4 -
o ) 98 147 154 159 204 225 325 -
sic, 71.37 70.82 71.91 71.02 71.90. - 73.32 70.47
Ti0, 0.32 0.31 0.27 0.31 0.32 0.14 0.25
a1,0, 14.03 13.29 14.45 14.89 14:78 .14.58 16.85
Fe, 0 1.57 1.67 1.53 1.59 “1.66 . 0.20 " 1.56 "
273 s \ -
F20 0-.59 1.50 0.30 0.85 1.45 0.57 0.56
Mno 0.05 _  0.05 0.05 0.05 0.07 0.06 0.04
MgO 0.69 0.91 0.61 1.10 0.83 0.16 0.63
£ Ca0 2.02" 3.48 1.94 2.76 < 3.02 1:82 3.35
Na,0 4.43 7 4.55 4.63 4.26° 4.58 5.34 5.51
K,0 3.3¢ o.87 3.26 . 2.82-_ . 1.50 2.38 1.44
P,0, ~—70.08 * 50,06 0.07 -+ 0.10 0.09 0.04 & 0.09
= B > -
Total 98.49 97.57 99.02°” -+ 99.75 7100.20 98.61 100.75
*K,0 .43 .16 .41 .40 - .25 3 cw21
RGN0 . : :
¢ . Normsg (CIPW) . .
Q. 128.32  ° 33.55 27.99. 26.37 31.70  28.97 24.85
or '20.04° 5.27.  19.46 16.65 8.77 14.24 - 8.45 .
= “ab 38.06 39.48 39.48 - 39.05 - 38.6%  45.74 46.27
an 8.66 ©13.61 9.15 11.55 . 14.35 8.88 15.92
cor - - - - 0.42 0.01 0.35 :
ai 0.77 .2.98 0.09 1.15° . - - - "
. hy 1.39 1.87 1.49 2.20 1.51 1:56 —
‘mt T1.18 2748 0.35 2.00 0.29 1.20 i
Ti1 o 0,62 . .##0.60r 0.52 .. 0259 027 0.47
g i i .. .
ap - 0.19 0515 0.17 ' 0.24 0.10 0.21
.he 9.80 - 130 £ 0.21 - 0.72 :
A . . Traté¥elements (P.P. i
.Cr 3 “6 Vo2, 16 ) 1 3 Q2
y Ba 985 . 254 927 " 1408 sigs .+ 858 541 . 5
Ni ‘ 17 0 17 14 15 - /14 13 12 %
. . . 4 i - .
- .o A 8 . 7 ®L13 7 /'3. 8 8 i
, . 2r 167 ° 1ld 4 104 107 ;87 60 98 2
o s Y 12 T 31 10 3 .. 15 13 5 P
- 33 438 - 320 605 . 811’ 435 419 668 - 4
T Rb" 13 s 74 58 ~ 34 25 .. 28 -3
e, *K,0 and Na,O.-recalculated at SiO, ='65wt. 3. : .' -
. 2 29 2 = ’ . o3
. e ..\ . . . ‘ 1/ ) ‘Fg;:
- LY \ " . ~ . ::«\
< A ‘ , S y &
.o~ " - ) o
A

R
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Appendix 8 < Total rock analyses and normative values of the -
¢ ‘c}(abbros and diorites. ¢ -
[} ) -, ) R -~
' Gabbro - N - -
T 23 .2 40 44 45 64 sax 97  1sa 2895
$i0, ..  50.80 - 48,93 47.48 49.12 48.23 45.04 46.62 48.00 52.95 49.49
TiG; 1.16  0.86° 0.29 0.65 0.74 0.52. 0.29  0.17 °0.73 0.67
AL,0, 17.95 |17.97 19.64 16.88 15.66 1509 21.84 25.64 10.75 16.33 .
Fe,0, ~  .2.54, 2.80 2.03 2.39 2.88 2.90 1.8  1.69 2.15 2.44 c
Feo - 9.29 ,10.01  4.74 9.06 10.96 .11.30 3.42 ‘1.63 '5.79 9.95
¥no 0.15 0.1 0.16 0.22 0.26 0.23 0.08  0.07 0.13 0.23
Mgo 4.3 4. Q1. 7.97 P07 7.02 10.80 5.39  4.90 4.36 '7.16
cao 10.30 11.19 13.86 11.35 11.15 12.23 14.50 16.15 ° 8.84 10.78
Na,0 2.75  2.85 1.23 [2.51 -2.38 1.12 -1.66  1.57 , 4.33 2.1S.
K, 0 0.56  0.47 0.38 0.14 0.08 0.12 0.26  0.17 0.31 ' 0.2l .
pzo5 0.17  0.65 0.04 0.49 0.63 0.60 0.03 0.0l 0.29 0.47 ~
L.O.T. - ~ 2.11 - ~ \ - 0.99 - 0.40 -
Total _ 99.99 100.00 99.93 99.88 99.39 99.95 99.96  100.90 99.63 99.87 ;
Feq” . 2,68 3.05 .82 1.59  1.93 _ 1.29 195 .64 1.77  1.70
ngo 17 ¢ 24 05 .03 07 .14 T L0719
K,0+%5,0 ‘ - Norms (CIPW) .
‘ 9 1.89 - -, - - - - - 0.17" .0.28
’ or 331 2.80 7 2.30 oﬁ{z 0.45 0.7 1.55  1.00 1.84 1.27 .
- ., ab 23,26 24.09 10464 21.090 20,15 9.47 14.19. 13.28 36.76 18.16 T
"‘W © an 34.99  34.80 47.98. 34,50 31.79 35.78 60.17 62.41 33.65 34.27 ‘ .
ai 12.52 . 13.83 17.69 '14.68 16.05,17.18 9.87 ~13.92 6.95 12.65 , ;
hy 17.84 14.40 14.95 18.71 18.72 13.56 . 4.58  5.35. 15.41 27.18 '
ol -7 L2.85 2,77 4.16 5.75 16.68 6.25  1.24, - .~ - _ L
mt., 3.68 © 4.06 3.01 3.46 4.18 . 4.20 - 2.75° . 2.45 3.13 ®.54 , - . -
.i1 ' 2,20 3.15 0.56 1.24 1.40 0.99 0.56 - 0.32 1.39 .=1.24 3
* -ap  0.40  1.59 0.10 1.48 1.50. 1.42 0.07  0.02 "0.69 1.41
. Ce Trace elements «(P.P.M.) .
* cx < 25 160 154 . 164 89 164 80 267 315 104 ,
Ba © 142 436 76 88 . 79 68 . 119  .146 392  13L- -
CONi 16 27 63 g - - ‘47 M gl 3)
© Nb - =T 5 5- -5 - "1 . 8 6
. - Tor 33 47 10 - 1 &5 T 2°MJ24 - 21" 3
L \ 'E X7 - A7, 5 37 gmlc o2 10 . 5
‘ sr . 297 §50 370 253 198 163 946 1026 981 325 -

Rb. 14 ‘14 3 2 -4 .4, 1) 3 ', 5 5
t s 1 B .
* Fe0' = total iron (Fe 203 X 0.8998 + FeO). ) ’ .
*K20 and Na,0 recalculated at 5102 .65 wt. % ) c hatd
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: o - Appendix 8 - Contin. «. : “ .
3 : :\ - Diorite ; -
‘ ' 20 24 25 33 8¢ - 149- 154 186 ' 301 306
sio, 51.18 . 55.24> 64.48 $4.58 64.52 60.99 60.97 59.68 57.68 62.71 : .
E A o 0.95 1.60 0.69 0-.83 0.63 0.5 -0.29  0:737 WIFTTE2 - ‘
’ AL05  17.73 L 15.77 14.90 18.02 15.93- 15.62 15.57 17.65 17.34 17,07
Fe,0, 2.3¢47 2,22 2.00 2.17 1.85 2.15 2.06  1.90 2.23 .87
. FeO 9.30  8.71 4.T0% 5.84 3.14 5.65 6.32  4.70 6.54 3.30
Mno®. 0.16  0.17 0.09 0.14 0.08° 0.14 0.15  0.12 0.15 0.10
! " Mgo ¢ 4.43  '4.45 2.44 5.01 - 2.7%. 3.40 2.6l 3.14 2.69 2.56
' cao 10.16 ° 8.29 4.85 3.69 ,4.85 6.94, 6.17  5.73 9.06 5.76 - |
Na,0 ; 298 3.19 '3.53 .84 4.18 3.16 3.47 4.43  2.30 3:89
K,0 0.54  0.94 2114 0.69 1.77 0.77 0.78  1.70 0.33 1.41-
] L P,0, 0.70 ° 0.74.* 0.68» 0.15° 0.17 0,11 0.76 . 0.75 °0.20 0.15
: Total ' . 100,49 100.67  99.91 <99.96' 99.89 99.44 99.65 100.53 99.45 99.34
FeQ” - . 2,57  2.41 2.42 1:56 1.73. 2.23 3.13 -2.04 ..3.18 1.95 -
,1?3(2’0" S B SRS I L8 280 327
R—;méo - . ) Norms (C’I-PW)'_ : . - ! -
‘ . 0 . 1.97  7.35 21.72  2.75 18.63 17.99 19.06  9.77 17.86° 17.78 .
. or 3.14  5.46 12,53 4:12 10.47 4.62  4.62 ' 9.99 1.96 8.47 ,
. ab °  24.83 2653 29.59 32.82 35.40 27.16 29.45 37.27 19.56. 33,47 C
2V : - ;an . ,33.43  25.89 18.86-, 29.65 19.50 26.02 24.68 23.12 36.20 24.82 R
; s di..-10.280 852 0.79 0.22 2‘}83 6.8 . 0.92], 0.31. .43, 2.32 ‘
§- - Ry 19.57  19.48 10.72 15.33 - 8189 "13.35 14.97 13.67 12.48 9.04
s - - omt 3.38 3.18 2.90 31§y 2.68 - 3.14g 3.00 . 2.74- 3.25 2,747
O A S 1.78  1.87 1.30 1.59 1.20. 0.98 1.50  1.38 1.78 1.00
E . ap 1.6 L2 '1.60 0. 0.40 0.26 T  1.74 .0.48  0.36 )
o v . elements (P.P.M.) . o
i . e« Cr Y A 42 26 160 ' 62 23°° 13 8 21 13 _
i - Ba 180 229 .464° 436 419 . 243 -1270 _ 537 233 382
. ©ONi 17 1.9 " o27 49 . 13 -1 .. 18 10 14
: i ® s, 5 6 _ - . 5 1 6 . 9 . - 4
ir 26 ° 96 140 - 47 185 49 54 131 58 - 106 -
& A S £ 8 23 . 17 ° 25. .21 21 15\ 23 15
‘ ‘ s "\ 310 257 277 550 470 248 311 - - 639 278 - 552
. Rb .8 23 71 14 47 14 12 33 7. 43
Fe0' = total iron (Fe,0,, x,0:8998 + FeO). R coT
*K,0 and-yazo recalculated at ‘si'élz = 65 wt. %.° .
B / )
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oL T e Ty T _Values of the syntéctonic grano-—r - 5. & v
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TR T - : - ©____and Khuff Forration)' - - &
. o ) t fe. o Syntectonid grancda‘orl'te,s . I -
- —- P N - 2 _ M S N : o 3
T B Tt 152 S161 ¢ 172 175 ¢ 275 S
CE N < ——— v — . —— - -_— \ - y
Tt e e e : sio, 70.18 ©70.10 L7297, 73.46 71.16 RS
S . TiO, . ° 0,31 o 31 . ©.24 0.27, , 0.49° .
s - - o . /\\
B . AL,05" + .15.07 15 62~ -*_\l% 13.70 12. sc/ .
. ‘ : Fe,0, % 1.58 1.64 °° 0.28% - 1.62- 1.68 -
S 3 * ¢ FeO ’ .24 e <0744 - 1.11 2.40 . T
il L e . -MpO’ ,0.08 .'m_ = 0. 03" 20.05 - Q.67 ) . ’
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