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Geochronology and Geochemical Evolution of the Wadi Turabah Felsic
Plutonic Ring Complex, Central Arabian Shield

A.A. RADAIN, S. ALI and A.A. ABDEL-MONEM*
Faculty of Earth Sciences, King Abdulaziz University,
P.O. Box 1744, Jeddah — 21441, Saudi Arabia.

ABSTRACT. Rb-Sr whole rock isochrons and major element oxide data for
the Wadi Turabah felsic plutonic ring complex are discussed. Felsic rocks of
the Wadi Turabah ring structure indicate a complex history of evolution and
consist of gneissic granodioritc-granite suite (GGGS), massive granodior-
ite-granite suite (MGGS), and a ring dike granite. The GGGS and north
trending metavolcanic and metasedimentary layered sequences (classified
as Baish and Bahah) have suffered polyphase deformation and metamorph-
ism in the upper and lower grades of the greenschist and amphibolite facies,
respectively. The ring dike granite is the last phase in the magmatic evolu-
tion of the ring complex.

Rb-Sr whole rock data for six samples of the GGGS defines an apparent
age of 535+ 11 Ma (20) with an initial ’Sr/*Sr ratio of 0.7037+0.00016 (20)
and a MSWD (mean square of weighted deviates) value of 6.6. The age de-
termined on five samples of MGGS is 4169 Ma (20) with an initial S1/#Sr
ratio of 0.704+£0.0002 (20) and a MSWD value of 9.01. The ring dike gra-
nite yields a four point isochron age of 117+0.4 Ma with an initial 8Sr/%Sr
ratio of 0.7089+0.00015 (20) and a MSWD value of 0.01.

Major element oxide and Rb-Sr data indicate that the felsic plutonic
rocks within the ring structure are highly differentiated and derived from
fractional crystallization of magma generated from the lower crust or upper
mantle. The chemical data also indicate that the ring dike granite is fraction-
ated from magma of ternary minimum composition in the system SiO,-
NaAlISiO,-KAISiO, under water pressure of 1 Kb.

Introduction

Geological, geochemical, and geochronological studies carried out by different
workers (Greenwood and Brown 1973, Greenwood ef al. 1976, 1980, 1982, Fleck et
al. 1980, Nasseef and Gass 1980, Roobol et al. 1983, Camp 1984, Stoeser and Camp
1984) on the western and southern parts of the Arabian Shield indicate that the pro-
tocontinental growth of the Shield in these parts, developed as a consequence of
crustal plate tectonism. The result is reflected in the formation of ensimatic island
arcs and active marginal arcs. At least, three ancient ensimatic island arcs are recog-
nized in the western part of the shield with two suture zones (Fig. 1).

* Present address: Nuclear Material Corporation, Cairo, Egypt.
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FiG. 1. Tectonic sketch map of the Arabian Shield (after Stoeser and Camp 1984),

Figure 2 is a simplified geological map of the southern part of the Asir microplate
[arc terrane (>>900-800)]. The oldest subductionTelated volcanism is indicated by the
layered metavolcanic and metasedimentary sequences, occurring throughout the
southern part of the Asir microplate. These layered rocks are assigned to the Baish
and Bahah groups, and described in the literature by different names in different
localities such as Metamorphic Unit 1 and Unit 2 in Wadi Shuqub quadrangle
(Greene and Gonzalez 1980) and Bahah group in Jabal Ann quadrangle (Gonzalez
1973). In the Wadi Bidah region, this belt is well studied and referred to as; Metavol-
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canic and Metasedimentary rocks (Earhart and Mawad 1970), Sharq, Bidah, and
Gharb groups (Jackaman 1972), Jof formation (Greenwood, 1975), Basaltic As-
semblage (Fleck er af. 1980); Phase 1 (Hadley and Schmidt 1980), and Unit F and
Unit E (Ramsay et al. 1981). This belt extends along Wadi Bidah in a north-trending
direction. Some members of this belt are included within the studied circular intru-
sive structure to the north, and outside of which the belt trends north-north west.
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FiG. 2. Simplified geological map of the southern part of the Asir microplate showing Rb-Sr and U-Pb
rock ages and ¥§r/Sr initial ratios.
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The felsic plutonic rocks of the Asir microplate have a wide spectrum of diorite-to-
nalite-trondhjemite, gabbro-diorite, granodiorite, granite and gneisses (Fig. 2). The
geochronological studies (Cooper et al. 1979, Fleck et al. 1980, Radain and Nasseef
1982, Marzouki ef al. 1982, Radain et al. 1986) indicate that the oldest subduction re-
lated volcanic rocks and related metasediments are intruded by plutonic rocks i.e.,
diorite, tonalite-trondhjemite, and quartz diorite, apparently derived from destruc-
tive plate margins. In the Jabal Ibrahim quadrangle (20 E), the diorite-tonalites of
the Bidah and the Thurrat plutons are dated by Rb-Sr whole rock isochrons at
901+37 and 744+22 Ma with initial ¥Sr/%Sr ratios of 0.70246 and 0.70281, respec-
tively (Marzouki et al. 1982). A large batholith and a small stock of tonalite-quartz
diorite occurring in the western and westcentral parts of the present study area pro-
duced Rb-Sr ages of 854=10 and 815=13 Ma (2¢) with initial #'Sr/™Sr ratios of
0.70159 and 0.7029, respectively. An intracratonic biotite granite from the same area
defined an apparent Rb/Sr isochron age of 552+20 Ma (20) with a high initial 5Sr/
86Sr ratio 0f 0.7133 (Radain and Nasseef 1982, Radain et al. 1987). Fleck and Hadley
(1982) reported a Rb-Srage of 83893 Ma with an initial ¥Sr/36Sr ratio 0f 0.7026 for a
tonalite-quartz diorite batholith from the Wadi Shuqub quadrangle. Whereas, Ra-
dain et al. (1987) reported an age of 854+10 Ma with an initial ®Sr/%Sr ratio of
0.70159+0.00004 for the same batholith. A quartz diorite from Wadi Ash Shaqah
Ash Shamiyah yields an age of 85372 Ma with an initial 87Sr/%Sr ratio of 0.7026
(Fleck et al. 1980).

The Rb-Sr age determinations made on quartz dioritic rocks from the Al Lith (20
D), Al Qunfudah (19 E), and Jabal Al Hasir (19 F) quadrangles (Fig. 2) (Fleck et al.
1980) range from 895 to 746 Ma with initial #Sr/%Sr ratios varying from 0.7025 to
0.7043.

The U-Pb ages reported by Cooper et al. (1979), on subduction related plutonic
rocks of the An Nimas batholith range from 837 to 763 Ma. The U-Pb age deter-
mined by the samc author on the intracratonic Bishah red granite situated in the
southcentral part of the Wadi Bishah quadrangle yielded an age of 678 Ma. This
paper reports the geochronological and geochemical studies carried out on the sub-
duction related and intracratonic felsic plutonic rocks of the Wadi Turabah ring com-
plex, occurring in the northcentral part of the southern Asir microplate (Fig. 2).

Geology and Petrography

A simplified geological map of the area (Fig. 3) shows a prominent ring structure.
Reconnaissance geologic mapping of the Wadi Shuqub quadrangle was done by
Greene and Gonzalez (1980). They referred to the Wadi Turabah ring structure as a
circular intrusive structure consisting of a syenite-trondhjemite complex with proba-
bly other rock typcs in the central part of the complex. More recently, Alwashe et al.
(1984), and Divi et al. (1984), carried out detailed geological and structural studies of
the Wadi Turabah area, respectively. The felsic plutonic rocks occurring within the
ring structurc range in composition from diorite-tonalite through granodiorite-gra-
nite. The felsic plutonic rocks of the ring structure are intruded into the volcanic-arc
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assemblage of layered metavoleanic and metasedimentary sequences of the Asir
microplate (=900 Ma) (Fleck et al. 1980, Marzouki ef al. 1982). Multiple plutonic ac-
tivity obliterates the exact stratigraphic order of the rock units within the ring struc-
ture. The volcanic and plutonic rocks are interfingered with cach other along strike
and are metamorphosed to schist and gneisses, especially in the southwestern part of
the ring structure.
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FiG. 3. Simplified geological map of the Waudi Turabah ring complex (after Greene and Gonzalez 1980).



6 A.A. Radain etal.

Granodiorite-granite compositions dominate in the westcentral part of the ring
structure with substantial amounts of gneissic tonalites in its south western part. The
tonalite gneisses are composed mainly of sodic plagioclase {Ang-Anyy) (50-55%),
quartz (20-25%), biotite (10-20%), twined K-feldspar (0-5%), and hornblende (5-
10%). The accessory minerals include magnetite, apatite, sphene. epidote, chlorite,
and opaque minerals. Texturally, the rocks are medium to coarse-grained and show
distinct gneissic texture, Foliation is well exhibited by dimensionally aligned biotite
flakes and hornblende prisms. Plagioclase is highly saussuritized. However, re-
mnants of albite and pericline twins are visible. Biotite is the most abundant fer-
romagnesian mineral, which also occurs in clusters with chlorite, K-feldspar, and
magnetite. In places, the flakes of biotite are bent. Chlorite is derived chiefly from
the hornblende. Two generations of quartz are present. The earlier generation is
coarse, strained, and strongly undulase. The finer second generation occurs intersti-
tially and has a replaccment texture.

The gneissic granodiorites-granites which occur within the southwestern part of
the ring structure are chiefly composed of crosshatched microcline perthite (50-
60%), quartz {20-30%), oligoclase { Anyy-Anyg) {10-20% ), orthoclase (5-10%), and
biotite (5-10%). Apatite, sphene, magnetite, and zircon are accessory minerals, The
large crystals of microcline perthite are characterized by the presence of rod, string,
and replacement perthite. Quartz occurs as coarse grains with abundant cracks filled
with white mica. Plagioclase is commonly sericitized. Biotite is the predominant
mafic mineral and has inclusions of sphene, apatite, and zircon.

The massive diorite and granodiorite-granite suite rocks predominate within the
eastcentral part of the ring structure. All rock units of the group are interfingered
with each other. Sills of granite and granodiorite are interlayered with rocks of the
volcano-sedimentary layered sequence. Xenoliths of the layered volcanic rocks of
variable dimensions are found within the group of diorite and granodiorite-granite
rocks, Diorite rock is composed of 60% of andesine (Any-Ang), 20% of
hornblende, 10% of biotite, 5% of chlorite and < 5% of quartz and other accessory
minerals. Plagioclases have inclusions of apatite and iron ore. Hornblende is partly
replaced by biotite and most of the biotite is altered to chlorite. Granodiorite-granite
rocks are medium to coarse grained and composed of zoned plagioclase (An,-Any,),
(10-40%), quartz (20-35%), orthoclase (20-30% ), biotite and hornblende (10-20%).
Apatite, sphene, and magnetite are important accessories. Plagioclase is partially al-
tered to white mica, Quartz is strained and has two generations.

The massive granitic rocks which form the semi-circular ring are generally coarse-
grained of pinkish to grayish color. They crop out as discontinuous semi-circular
ridges in the southern and western parts of the compiex. They have sharp contacts
and discordant relationship with the surrounding rocks. Structural (Divi et al. 1984)
and age data (this study) suggest a post-tectonic emplacement. The granites are gen-
erally medium to coarse-grained and composed predominantly of microcline perth-
ite (40-30%), K-feldspar (10-20%), plagioclase mostly albite (20-30%), and biotite
(2-5%). Accessory minerals in the granites are hornblende, sphene, apatite, zircon,
magnetite, and iron ore.



Geochronology and Geochemical Evolution. .. 7

Analytical Methods

Major elements were determined by Phillips PW-1410 X-ray fluorescence spec-
trometry (XRF) using lithium tetraborate fusion. Na,O and K;O were determined
by Turner Flame photometer, Model 510. MgO content was determined by atomic
absorption using a Perking Elmer 305-B Model, and FeO by conventional chemical
method.

Rb and Sr concentrations were determined by conventional X-ray fluorescence
techniques (Pankhurst and O'Nions 1973). Sr-extraction was carried out using con-
ventional sample-dissolution and standard ion exchange methods. All strontium
isotopic ratios were measured on unspiked aliquots of the whole rock powders on a
VG Isomass 54 E mass spectrometer with on-line data facilities in the Faculty of
Earth Sciences, King Abdulaziz University (KAU), Jeddah. During the course of
analyses, the NBS-987 Sr standard yielded a mean value of 0.710231 and a standard
deviation of 0.00006. Ali strontium isotopic analyses are normalized to ¥Sr/%Sr =
0.1194,

Rb/Srisochrons were computed using the least-squares regression method of York
(1969). The age calculations were made using a computer program of McSaveney
(Faure 1977) which was modified at KAU to suit the HP-9845 B Desk top computer.
The decay constant used for the Rb/Sr ages is Rb = 1.42 * 10-1//Y (Steiger and Jager
1977).

Geochemical Results

Major elements data, CIPW norms, and some chemical ratios are givenin Tables 1
and 2. A chemical classification of Condie and Hunter (1976) is used to classify the
granitoid complex. According to their classification, granitic or granodioritic rocks
have a Na,Q/K,O ratio of 2.0 or lcss, and tonalitic or trondhjemitic rocks have a
Na,O/K;0 ratio of 2.0 or more.

TapLe 1. Chemical analyses and CIPW norms of gneissic granodiorite-granite suite,

7 Tonalites Gneissic granodiorites-granites
Samptc

A23 A3l A24 A2S A26 A32 A6 A43
Si0, 65.54 5954 70.50 7172 75.65 75.57 60.71 70.46
TiO, 0.20 0.72 0.19 0.22 0.03 0.17 0.67 2.50
ALO; 14.64 20.30 14.41 13.70 12.38 12.52 18.62 14.08
Fe,0, 3.49 2.26 1.61 1.4] 0.41 0.54 1.90 0.93
Fe() 316 11.69 0.90 1.04 (.40 0.57 1.54 1.22
MnO 0.12 0.06 0.04 0.04 0.02 0.02 0.57 0.04
MgzO 2.10 1.23 0.46 0.45 0.80 0.32 1.00 0.40
CaO 7.00 4.50 1.47 2.02 0.49 1.12 3.50 1.90
Na,O 2.56 5.3 4.04 372 3.64 3.20 5.69 3.88

KO 0.30 2.59 4.52 4.40 4.90 4.45 3.95 4.06
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Table 1 (contd.).
Tonalites Gneissic granodiorites-granites
Sample
A23 A3l AZd A25 A20 A32 Ale A43
P,Os 0.09 0.23 0.02 0.05 0.02 0.02 0.21 0.05
Rb (ppm) 5.7 13.9 52.5 53.0 70.9 48.8 17.1 49.7
Sr(ppm) 298.0 916.2 199.2 191.6 37.3 119.6 533.6 189.3
Na,O/K-,0 8.53 2.21 0.89 0.84 0.74 0.72 1.44 0.96
Fe,0; + FeO 6.65 3.95 2.51 2.45 0.81 L.11 3.44 2.15
K/Rb 437 1547 715 689 574 757 1917 678
CIPW norms
q 32.02 5.46 26.37 28.97 33.79 37.55 4.13 27.98
C - 0.43 0.25 - 0.25 0.47 - -
or 1.79 15.48 27.21 26.32 29.32 26.64 23.73 24.11
ab 21.84 49.05 34.43 31.87 31.19 27.49 48.95 32.99
an 27.79 21.07 7.30 7.78 2.33 5.51 13.83 9.05
wo 2,76 - - 0.85 - - 1.0l -
cn 5.27 310 1.17 1.13 2.02 0.81 2.53 1.00
fs 2.83 0.16 0.08 0.46 0.39 0.36 1.23 -
mt 5.10 i3 2.38 2.07 0.60 0.79 2.80 -
hm - - - - - - - 0.93
il 0.38 1.38 0.37 0.42 0.06 0.33 1.29 2.67
tn - - - - - - - 0.06
ru - - - - - - - 1.08
ap 0.21 (.55 (1.05 0.12 0.05 0.05 0.51 0.12
DI 55.64 70.00 88.41 87.16  94.01 89.68 76.81 85.08
TasLe 2. Chemical analyscs and CIPW norms of massive granodiorite-granite suite and granite ring
dike.
Diorite Massive granodiorite-granite Granite ring dike
Sample No Al Al3 A28 A3 A4l A33 A39  A4d47 A4
Si0; 55.60 7286 7552 7629 6222 6417 73.83 7558 7516
TiO, 1.45 011 006 006 08 039 011 050 0.25
AlLO; 18.42 13.50 12,52 [2.28 15.86 1849 1346 1238 13.46
Fe.O4 4.59 0.7 064 067 3103 103 076 08 055
FeO 4.24 0.66 036 029 226 075 093 047 0.50
MnO 0.12 0.02 0.0t 002 009 0.04 004 002 0.05
MgO 2.53 050 012 012 19 035 018 015 0.08
CaO 8.05 437 1.22 087 420 112 070 112 1.92
Na,O 3.98 396 288 376 462 534 393 334 404
K,O 0.96 350 545 460 295 629 490 473 470
P,Os 0.46 0.02 002 000 023 003 002 001 005
Rb{ppm) 14.7 7470 557 1309 693 281 799 424 526
Sr(ppm) 755.7 3721 123 28.1 5576 416  93.0 1304 32
Na-O/K,0O 4.1 113 053 082 157 085 080 070 0.86
Fe,O. + FeO B.83 137 539 096 100 178 1.9 127 1.05
K/Rb 542 389 812 292 353 1858 509 926 745

CIPW norms
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Table 2 (contd.).
Diorite Massive granodiorite-granite Granite ring dike
Sample No A34 All A28 A38 A4l A3} A3 A47T  A49

9.78 2887 354 3543 1409 633 3041 3592 3025
¢ - - - - - 095 047 - -
or 5.65 2064 32,60 27.47 17.73 37.93 29.29 28.20 26.52
ab 33558 3344 2467 32115 39.76 4611 33.64 28.52 33,94
an 29.44 871 520 3.08 1406 547 338 480 4.7
WO 3.07 534 033 051 232 - - 0.28 196
en 6.28 .24 030 030 491 0.8 045 038 0.20
fs 1.80 048 0.05 - 0.35 - 098 - 0.14
mt 6.63 1,03 094 083 461 145 111 013 079
hm - - - 0.10 - 0.05 - 072 -
il 2.74 021 011 01 ez 070 021 096 0.47
ap 1.08 005 005 002 055 007 005 002 0.02
DI 48.98 8295 93.01 9504 71.50 90.36 9334 9265 91.71

(a) Gneissic Granodiorite-Granite Suite

Eight samples were selected for major element analyses from this suite, two of
them are gneissic tonalite and the remaining six are gneissic granodiorites-granites.
When these two subgroups werc compared, the gneissic tonalites were found to have
higher Na,O/K,O ratios and concentrations of CaO, MgO, Al,O5, FeO(t), and lower
Si0, and K,O contents compared to the gneissic granodiorites-granites,

A ternary plot of AFM (Fig. 4) indicates calc-alkaline trend for the gneissic
granodiorites-granites. The iron enrichment trend displayed by the gneissic tonalite
may indicate hybrid nature.
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Fi. 4. AFM plot showing calc-alkaline trend. Circled point = Gneissic tonalite; Solid points = Gneis-
sic granodiorite-granite; Cireled crosses = Diorite; Crosses = Massive granodiorite-granite;
Closed trigngles = Ring dike granite.
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On the ternary normative An-Ab-Or diagram (Fig. 5), gneissic granodiorite-gra-
nite rocks fall into the tonalite, trondhjemite, and granite fields, following the clas-
sification of O’Connor (1965). One of the tonalite samples indicates high An/Or
ratio.

Ab or

F16. 5. An-Ab-Or ternary diagram. Petrochemical classification from O'Connor (1965), and broken and
dashed curves are plagioclase boundaries as reported by Turner and Verhoogen (1960). Symbols
asin Fig. 4.

The normative Q-Or-Ab diagram (Fig. 6) shows that the gneissic tonalite samples
fall outside the low temperature trough and indicate crystallization from water satu-
rated high temperature melts at a depth of about 10-16 km in the crust (Burnhan
1967). The gneissic granodiorites-granites ploy in the low temperature trough (ex-
cept sample A36) and indicate crystallization from a water undersaturz_\led m(?lt (2-
3% H,0) and a lower depth of about 4 km (Burnhan 1967). This variation indicates
wide depth range in which GGGS rocks crystallized.
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A semilog plot of $i0, V8 K,O % (Fig. 7) indicates very low concentration of K,0
(0.30%) for sample A23 of tonalite, which falls in the plagiogranite field. The distin-
guishing factor between oceanic plagiogranite and continental trondhjemite-tonalite
associated with Phanerozoic orogenic belts is still an enigma (Coleman and Peter-
man 1975). The small number of samples preclude any concluding remarks regarding
the nomenclature of this tonalite neither its genesis or affiliation. The gneissic
granodiorites-granites fall within or near the boundary of continental granophyre.
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The K/RbD ratios (Fig. 8) in the two gneissic tonalites indicate much variability
(437-1547 ppm). The gneissic granodiorites-granites also display a significantly wide
spread in K/Rb ratios, ranging from 574 to 1917 ppm (Table 1). The over all K/Rb
values for the gneissic granodiorites-granites suite are higher than the crustal range
(120-480, Taylor 1966, Shaw 1968). Hart and Aldrich (1967), Griffin and Murthy
(1969) and Murthy and Griffin (1970) have suggested that the higher K/Rb liquids
can be derived by partial melting of the upper mantle in which the contribution of
plagioclase and hornblende melt is high.

A possible alternative explanation for the high K/Rb ratios can be derived from the
studies of Sighinolfi (1971), Heier (1973), and Turner (1980) who have pointed out
that both K and Rb contents decrease and K/Rb ratios increase in granulite facies
rocks. The possible depletion mechanisms of these elements in granulite facies rocks
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has becn attributed to dehydration reactions and melting processes. However,
geological studies of Greene and Gonzalez (1980) and Alwashe ef afl. (1984) reveal
that the rocks of the ring complex are in the upper greens chist-lower amphibolite
metamorphic facies. Thus, the absence of granulite facies conditions indicate that
the rocks might have been derived from lower crust (granulitic rocks) or upper man-
tle source.

The oxides percentages are plotted against differentiation indices (Fig. 9) of
Thoraton and Tuttle {1960), DI = normative Q + Or + Ab, in this study. The
DI values for the two gneissic tonalites are 56 and 70. In the gneissic granodiorites-
granites it ranges from 76.81 to 94.01. The MgO, CaO, MnO, and FeO(t) contents
decrease with increasc of DIL. In contrast, K;O and Na,O rise with the DI increase.
With rise in D1, the gneissic granodiorites-granites show an increase in Si0, and K,0
and a decrease in ALO;, FeO(t), MgO, CaO, TiO; and P,Os. A roughly linear trend
is observed for Na,O and MnO. The well correlated increasing and decreasing trends
in oxides suggest that the gneissic granodiorites-granites are probably cogenetic pro-
ducts of a magmatic differentiation process.

(b) Massive Granodiorite-Granite Suite

Five samples were analyzed from this suite, one of the samples is diorite and the
others are granodiorites-granites. The diorite exhibits its typical chemical charac-
teristics. Some of the salient features of the diorite are high Al,O;, CaO, MgO,
FeO(t), low content of K,O and intermediate silica value (Table 2).
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The AFM diagram (Fig. 4) indicates a calc-alkaline trend for granodiorites-gra-
nites. The diorite sample with Fe enrichment most probably represents hybrid rock.

In the An-Ab-Or diagram (Fig. 5), all samples of the gneissic granodiorites-gra-
nites fall in the two feldspar field with low water pressure (<1 Kb) and indicate shal-
low levels of magma crystallization. The dioritic rock falls on the boundary of the one
feldspar field, indicating high pressure and moderate temperature of formation with
deeper level of magma crystallization.

In the ternary minimum system Q-Or-Ab (Fig. 6), the granodiorites-granites fall
both inside and outside the low temperature trough. A high temperature and water
saturated conditions at the initial stages followed by low temperature and pressure
are suggested by the dispersion of the samples. The diorite sample fall in the high
temperature field.

A semilog plot of Si0, VS K,O (Fig. 7) for diorite shows the affinity with continen-
tal tholeiitic basalt. On the other hand, granodiorites-granites fall within or close to
the boundary of continental granophyres shown by Coleman and Peterman (1975).

The K/Rb ratio (Fig. 8) for the massive diorite and granodiorites-granites suite
varies from normal values (292, 353, 389) or crustal range to values >480 (542, 812).
This bimodal distribution of K/Rb indicates that the diorite and granodiorites-gra-
nites suite 1s likely to have been dcrived by partial melting of different parent mate-
rials of lower and upper crustal compositions.

The oxides VS DI are plotted in Fig. 9. The diorite and granodiorites-granites
rocks indicate the decrease of AlL,Os, FeO(1), MgO, TiO, MnO, and P,O; and the in-
crease of Si0, and K,O with the increase of DI values. The trend of Na,O is roughly
linear. The DI ranges from 49 to 93. These positive and negative trends with DI
suggest an origin involving a magmatic differentiation process.

(¢) Ring Dike Granites

Significant variations are not found in chemical composition of granites. Alkali
abundances do not vary much, the Na,O/K,O ratios range from 0.71 to 0.86. Silica
contents vary between 73.83% and 75.58% except sample A 33, which has moder-
ately low silica content of 64.17%. The MgO, MnO, TiO,, and FeO+ Fe,O+ concent-
rations are low.

The narrow distribution pattern of the granites on the AFM diagram (Fig. 4) indi-
cates constant ferromagnesium and alkali contents of the magma.

On the An-Ab-Or ternary diagram (Fig. 5), the granites fall well inside the two
feldspar field. The low dispersion pattern reflects constant pressure and temperature
conditions during crystallization of the magma.

The plot of Q-Ab-Or (Fig. 6) shows that all granites (except one) fall well inside
the low temperature trough and indicates crystallization from a shallow seated water
undersaturated melt.
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On the semilog plot of Si0, VS K,O (Fig. 7), all granites (except one) fall on the
higher SiO, content boundary of the continental granophyre field of Coleman and
Peterman (1975).

The youngest ring dike granites show high and wide variation of K/Rb ratios (Fig.
8), ranging from 509 to 1858. This type of wide variation is observed only in the
granulite facies rocks (Green et al. 1972, Tarney and Windley 1977). However, some
young granites within the granulite facies areas have displayed high K/Rb ratios and
they have indicated their derivation by partial melting of rocks already in granulite
facies conditions (Heier and Brunfelt 1970). Thus, it might be inferred that the ring
dike granite is a product of partial melting of the crustal rocks which were having the
characteristics of granulite facies rocks.

The percentages of oxides do not show any striking variation trend against DI (Fig.
9). The value of DI ranges from 90 to 95 which suggests highly developed stage of
evolution. Such low variations also suggest that the granites might have erystallized
from a ternary minimum composition in the system, SiO,-NaAlISiO~KAISiO,.

Rb/Sr Isochron Plots
(a) Gneissic Granodiorite-Granite Suite

Six samples from the southwestern part of the Wadi Turabah ring structure were
selected for Rb-Sr isochron. A six point errochron defines an apparent age of
535=11 Ma, and an initial ¥Sr/%Sr ratio of 0.7037£0.00006, MSWD = 6.6 (Fig. 10,
Table 3).

Greissic granodiorite - granite suite
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FiG. 10. ¥RbASr VS ¥Sr/Sr errochron plot. Age and initial ¥Sr/™Sr ratio are given at 2 sipma kevel,
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(b) Massive Granodiorites-Granites Suite

Five samples were selected from the westcentral and central parts of the Wadi
Turabah circular intrusive structure. Four of them are granodiorites-granites and re-
maining one is diorite. A five point isochron produced an errochron which corres-
ponds to an age of 416+9 Ma, and an initial ¥Sr/%8r ratio of 0.704+0.0002, MSWD
= 9.01 (Fig. 11, Table 3). If we drop the petrochemically different diorite sample
from the regression, four points define an isochron corresponding to an age of
419=+0.2 Ma (20), with an initial #Sr/#Sr ratio of 0.7038 =0.00002, MSWD = 2.0,
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Fies 11 SRBAST VS ¥SeSr isochron plot. Age and initial ¥Sr/Sr ratio are given at 2 sigma level.

(¢) Ring Dike Granite

Four granite samples were selected from the granite ring dike at different places. A
four point samples isochron defines an apparent age of 117+0.4 Ma and an initial
$7SpB0Sy ratio of (0,70894=0.00015; MSWD = 0.01 (Fig. 12, Table 3).
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TansLr 3. Rb-5r whole rock data (or the Wadi Turabah (elsic plutonic ring complex.
Sample Rb Sr Rb/Sr NMRD/ASr 20 SIS r8r & 2o
Number (ppm) (ppm) (W) (atomic) (atomic)

<
Gneissic granodiorite-granite suite
A-23 5.7 298.0 0.0191 0.0552> 0011 704395080
A-24 52.5 199.2 0.2636 0.7629+.0152 700547 = .058
A-25 53.0 [91.6 0.2768 0.8009%.0160 9723+ .074
A-26 0.9 373 1.9010 5.5205%.0110 145368 +.050
A-30 17.1 533.6 0.0321 0.0930+.0018 04288+.030
A-43 49.7 [89.3 10.2625 0.7596+ 0152 109688 +.038
Massive granodiorite-granite suite
A-13 74.7 3721 (.2009 0.5812x.0116 J07657x.036
A-28 55.7 2.3 4.5190 13.1685% 2634 80848 =100
A-34 14.7 755.7 0.0194 0.0562x.0012 03482+ 108
A-41 .3 557.6 0.1242 (.3394+ 0072 JJOS985*.044
A-38 130.9 281 4.6398 13.5092 % .2702 184912=.130
Granite ring dike
A-33 28,1 41.6 0.6750 1.9539+.0390 T12095=.062
A-39 79.9 93.0 0.8602 2.4902 +.0498 712876058
A-47 42.4 130.4 1.3253 0.9416+.0188 0785100
A-49 52.6 3.2 17.0440 49.7180=.9944 T91382=.076
Granite ring dike
F91 +
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F1G. 12, ¥RB/™Sr VS ¥Sr/*Sr isochron plot. Age and initial ¥Se/Sr ratio are given at 2 sigma level.



Geochronology and Geochemical Evolution... 19

Discussion and Conclusions

Final isotopic age data (Table 4) together with geochemical studies, provide some
clues on the sequence of tectonic and geochemical evolution of the area. The evolu-
tion of the crust started with subduction related volcanic magmatism and related
sedimentation (Baish and Bahah groups of Schmidt er al. 1973). Geochemical data
reported by Jackaman (1972) indicates tholeiitic trend for this volcanic magmatism.
The Baish group was referred to as a “Juvenile oceanic istand arc” deposited in a sub-
aqueous environment with a chcmical resemblance to the flow rocks of an “island arc
tholeiitic series” (Greenwood et ¢/. 1976, Jakes and Gill 1970). Recent studies show
that the Baish and Bahah groups have no stratigraphic break. These rock groups
have inter-tonguing relationships (Greenwood et al. 1980, Ramsay et al. 1981,
Riofinex 1977, Alwashe er ¢l. 1984).

TaBLE. 4. Final regression data for felsic plutonic rocks of Wadi Turabah ring complex, central Arabian

Shield.
, A N T No. of Models
Rock suite Agc(Ma) Ininal Sr/™Sr+2¢  MSWD points  York (1969)
Gneissic granodiorite-granite 535+11 0.70373+ (0016 6.6 6 I1
Massive granodiorite-granite 416+9 0.70390+.0002 9.0 5 I
Granite ring dike 117+ 4 0.70894+ 00015 0.01 4 |

The multiple orogenic events from 960 Ma to 600 Ma {described as the Aqiq,
Ranyah, and Yafikh orogenies by Greenwood et al. 1976) are reflected in the form of
multiple deformation and plutonic intrusions within the northerly trending tectonic
belt of layered rocks that were metamorphosed under upper greenschist and lower
amphibolite facies conditions. The oldest dated rock reported in this paperis 535+ 11
Ma. However, asix point isochron for the Wadi Shuqub tonalite-quartz diorite stock
occurring in the south central part of the Wadi Shuqub quadrangle (Fig. 3) defines an
age of 815+27 Ma and an initial ratio of 0.70292= 10 (26M), MSWD = 1.80. An age
of 854=10 Ma is reported for tonalite-quartz diorite rock, collected along the Hijaz
Highway (Fig. 2), the initial St/%Sr ratio for this suite is very low 0.7015+8 (20M).
The intracratonic intrusive biotite granite from the Gabalat area, situated in the
central part of the Jabal Ibrahim (20 E) quadrangle (Fig. 2) is dated at 552+20 Ma,
and an initial ¥Sr/%Sr ratio of 0.71321+0.003, MSWD = 4.47. All the above agesare
reported by Radain et al. (1987). Fleck and Hadley (1982) also reported a Rb-Srisoc-
hron age of 83893 Ma and an initial *’Sr/*Sr ratio of 0.7026 for the large batholith
of tonalite quartz diorite occurring along the Hijaz Highway (Fig. 2) in the Jabal Ib-
rahim quadrangle, where Radain ef al. (1987) reported an age of 854+ 10 Ma.

The low initial *’Sr/%Sr ratios indicated by the oldest tonalite-quartz diorite rocks
indicate direct derivation from the mantle or lower crust. The Gabalat granite with
high initial ¥’Sr/*Sr ratio of 0.71321=0.003. indicates its derivation from the partial
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or complete melting of highly evolved crust. The undisturbed low initial 3Sr/%Sr
ratio indicate stability in the western part of the Wadi Shuqub quadrangle. In con-
trast, the rock units of the Central and Eastern parts of the quadrangle are highly dis-
turbed by younger acid igneous activities, especially in the Wadi Turabah ring struc-
ture.

Greene and Gonzalez (1980) referred to plutonic rocks occurring within the ring
structure as syenite-trondhjemite complex. Brown (cited from Greenc and Gonzalez
1980) collected samples from the southern part of the Wadi Turabah ring structure,
where the dominant rock type is tonalite and granite-granodiorite gneisses, and re-
ported an age of 550 Ma, without rcporting the initial ¥Sc/%Sr ratio and MSWD. In
this study, a six point errochron from the same locality defined an apparent age of
535x11 Ma, and an initial ¥Sr/*°Sr ratio of 0.7037x0.00016, with a higher MSWD of
6.6 (Fig. 10). Whcn highly altered samples of one tonalite and one granodiorite were
rejected from the regression, an excellent isochron of four points was produced for
gneissic granites, which corresponds to an age of 528+2 Ma with an initial Sr/%Sr
ratio of 0.7038+.0001; MSWD = 0.0002. Thus, the intracratonic intrusion of
granodiorites-granites composition at about 528 Ma into the tonalite, metavolcanic
and metasedimentary rocks, succeeded by effects of deformation and metamorph-
ism during the Pan-African orogeny might have led to partial or complete resetting
of the Rb-Sr system in the older felsic plutonic units. The presence of older tonalite
and other plutonic rocks within the ring structure cannot be ruled out. However,
samples collected in this study indicate that the multideformation and metamorphic
histortes might have obliterated the older plutonic rocks at Ieast in this part of the
arca and resetted with the younger intrusive rock of granodiorite-granite composi-
tions. Thus, we can consider the 535+11 Ma date on the tonalite and granites-
granodiorites as a mixed age of plutonism, metamorphism, and deformation, to
which the rock has been subjected after the closing of the Rb-Sr whole rock systema-
tics. However, there are many cases of “reset” for the Rb-Sr whole rock system in the
literature. A geological terrane having experienced polyphase tectono-metamorph-
ism is always prone to open system behavior, that is, diffusion of radiogenic ¥Sr into
Common Strontium of the adjacent or intruded rock at the time of metamorphism.
The loss of Rb or gain of Sr or vice versa may also prevail at the same time (Roddick
and Compston 1977, Priem et al. 1978, Gale et al. 1979, Field and Raheim 1979, Bec-
kinsale et al. 1980, Cameron et al. 1981, Feiko Kalsbeek 1981, Smalley er al. 1983,
Wickman et al. 1983).

The structural studies carried out by Divi er al. (1984), indicate that the gneissic
granites have multideformational and metamorphic histories. The absence of older
plutonic rocks ages within the studied area may indicate that severe tectono-thermal
events have led to open system behavior. Such behavtor is reported by Black et al.
(1979) who have described detailed multideformation and metamorphic effects re-
setting Rb/Sr whole rock isochron systems in the Georgetown Inlier of north
Queensland, Australia.
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The next episode of cratonal development in the Wadi Turabah ring structure in-
volves the intrusion of younger granodiorite-granite rocks associated with diorite in
the central and western parts of the ring structure. In these areas, it is intruded into
the older units of its own clan and mectavolcano-sedimentary rocks of Baish and
Bahah groups. The age obtained from this suite is 416=9 Ma. (Fig. 11). A combined
regression of diorite and granodiorites-granites indicates genetically related history.

The last phase of plutonic igneous activity in the form of the granite ring dike is at-
tributed to the cauldron subsidence model (Greene and Gonzalez 1980). However, a
Hertzian quasi-oval fracture model {Bahat 1980) suggested by Divi er al. (1984) for
the Wadi Turabah ring complex attains much attention. The complex history of
evolution of the area, indicated by multiple igneous activity, polyphase deformation,
and metamorphism may be reflected in the form of Hertzian fractures at depths, fol-
lowed by horizontal and vertical tension and lastly the development of quasi-oval
fractures and intrusion of highly differentiated magma of ternary minimum composi-
tion (Si0,-NaAlSi0,-KAISiO,). The apparent age obtained from this granite ring
dike is about 117x0.4 Ma, which is the lowest plutonic activity reported from the
Arabian shield. However, this age of plutonic activity is well documented in the
Northeast Sudan and Eastern Desert of Egypt (Hashad and El Reedy 1979). The
high initial 87Sr/%Sr ratio of 0.7089=0.00015 (20) is well above expected values from
the contemporaneous mantle (initial #’Sr/%6Sr C.0,703) and indicates crustal source
origin. The low spread in #Sr/#Sr ratios and the number of samples, prompt further
study of the area. The homogeneous granitic dike has discordant relationship with all
" deformational structures and supports younger age (Divi er al. 1984),
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