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GENERAL GEOLOGY OF THE SILSILAH RING COMPLEX 9

with the alkali-feldspar granite because potassium is
more abundant in the less-radioactive alkali granite
(table 1). The measured increase of radioactivity
associated with the oldest component of the ring com-
plex to that associated with the youngest is consistent
with the radioactive decay of uranium and thorium,
which are systematically more abundant in the younger
components (table 2).

The radioactivity of the Silsilah alkali granite is not
anomalous nor is the radioactivity of the Hadhir aplite
more than one standard deviation greater than the
average value for the granitoid rocks of the eastern

Arabian Shield. The average value for the Fawwarah
alkali-feldspar granite is twice that value and individual
measurements are as much as three times that value.
Measurements made at individual sample sites are plot-
ted according to intensity (fig. 9). The plot indicates that
the radioactivity of the younger phase of the alkali-
feldspar granite is distinctly higher than the radioac-
tivity of the proto-alkali-feldspar granite. Uranium and
thorium contents are deduced to be higher in the
younger phase than in the older phase. Otherwise, the
radioactivity of the alkali-feldspar granite is not dis-
cernibly zoned.

TABLE 1.—Major-element analyses and CIPW normative compositions for intrusive rocks of the Silsilah ring complex
[Major oxides and normative minerals in weight percent. Leader indicates nil amount. Ferrous-ferric ratio adjusted for samples of alkaline dacite and comendite along guidelines suggested
by Irvine and Baragar (1971), prior to norm calculation]

Unit Alkaline dacite Silsilah alkali granite
Benmoreite Mugearite Trachyte Tristanite Comendite
Sample
number 181028 181956 181928 181924 181957 181960 181918 181929 181947  ®Mean
Lat%tude
(26 'N.) 10726" 10713" 06°09" 05727" 09-32" 08°16" 04-28" 07°58" 07°07"
Longitude
(42°E.) 41739" 42742" 45701" 44752" 43742 44754" 44°55" 38-18" 38-22"
Chemical analyses
Si0 45.4 46.6 59.3 6l.4 72.6 75.3 73.0 73.2 70.8 73.0
A1283 14.0 13.9 14.1 14,1 12.5 12.1 12.4 13.0 13.7 12.7
Fe,04 13.9 13.36 7.45 7.65 1.82 1.49 1.64 2.15 1.44 1.71
FeO 0.90 1.30 1.40 1.50 0.60 0.40 0.60 0.50 2.00 0.82
MgO 1.71 2.82 1.02 0.46 .06 .08 .08 .07 0.30 .12
Ca0 6.63 5.23 2.86 2.05 .89 44 .52 .56 1.29 74
Na,0 6.46 3.71 4.25 4,15 4,49 4.02 4.41 4.61 4,48 4,40
K28d <40 f2.01 3.74 4.45 5.30 5.10 5.08 5.25 5.20 5.19
H,0 €5.47 4.39 €3.20 2.55 1.11 .79 .66 .87 <45 .78
Ti0, 3.14 2.92 0.77 W71 .22 .18 .20 «25 .39 .25
P,0g .77 1.43 022 .16 .02 .02 .02 .03 .08 .03
MnO .20 0.17 .14 .10 .05 .03 .04 .09 .07 .06
F .15 .15 .03 .07 .05 .06 .11 .06 .09 .07
Total(-0) 99.07 97.93 98.47 99.32 99.69 99.98 98.71 100.61 100.25 99.84
CIPW norms
Q - 8.1 14.4 11.5 26.2 32.2 28.4 26.1 22.0 27.2
C 2.7 4.7 2.2 - - - - - - -
or 2.4 12.5 22.9 27.0 31.8 30.4 30.6 31.1 30.8 31.0
ab 55.3 33.1 37.3 36.1 35.3 34,1 36.2 37.7 38.0 36.8
an 0.7 3.3 2.7 6.9 - - - - 1.9 -
ac - - - - 2.9 0.2 1.6 1.2 - 0.7
wo - - - 0.9 1.7 o7 0.7 0.9 1.4 1.3
en 2.2 7.4 2.6 1.2 0.2 .2 o2 .2 0.7 .3
fs 6.0 9.5 8.6 11.3 A - - - 2.0 -
ol 6.1 - - - - - - - - -
mt 6.8 6.8 3.4 3.3 1.1 .9 1.5 1.2 2.1 2.1
hm - - - - - .9 .1 .9 - -
il 6.0 5.9 1.5 1.4 A .3 Wb ) o7 «5
ap 1.8 3.6 0.5 o4 - - - .1 .2 .1
fr .2 - - .1 .1 .1 o2 .1 .2 .1
ce 9.7 5.0 3.8 - - - - - -7 -
D.I.h 57.7 53.8 74.7 74.6 93.3 96.7 95.2 94.9 90.8 94.9
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TABLE 1.—Major-element analyses and CIPW normative compo.

sitions for intrusive rocks of the Silsilah ring complex—Continued

b

Unit Proto Hadhir aplite Fawwarah alkali-feldspar granite low-calcium
granitec
Sample
number 181810 181856 181882 Mean 181851 181878 181900 181904 Mean
Latitude
(26°N.) 06729" 05740" 05714" 05°57" 05711" 04749" 04727"
Longitude
(42°E.) 38712" 38759" 39729" 38-52" 39-20" 40701" 40706"
Chemical analyses
§i0, 76.9 74.1 75.2 74.7 74.4 75.1 74.3 76.2 75.0 74,2
Al,04 12.5 12.3 12.6 12.5 12.9 13.1 13.3 13.6 13.2 13.6
Fey0q 0.52 0.23 0.04 0.14 0.55 0.09 0.19 0.07 0.23 0.81
FeO .30 .30 .10 .20 .30 .50 .50 «50 45 1.10
MgO .09 .08 .10 .09 .04 .04 .04 .06 .05 27
Ca0 46 1.00 1.46 1.23 .59 54 .22 .15 .38 .71
Na,0 4.05 3.99 3.80 3.90 4,09 4.83 4.67 4.41 4.50 3.48
Kzod 4.74 5.02 5.26 5.14 4,74 4.22 4.35 4,73 4,51 5.06
H,0 «54 «57 .93 .75 47 43 .62 .40 .48
Ti0, .11 .07 .06 .07 .03 .03 .02 .02 .03 «20
P,0g .02 .02 .02 .02 .03 .01 .02 .02 .02 14
MnO .01 .01 - .01 .01 .02 .02 .04 .02 .05
F .08 .36 .38 .37 .38 .34 .23 .30 .31 .09
Total(-0) 100.29 97.90 99.79 98.96 98.37 99.11 98.38 100.37 99.04 99.67
CIPW norms

Q 34.5 31.6 31.8 31.7 33.1 30.8 30.7 32.0 32.4 32.9
C 0.1 - - - 1.1 0.5 0.9 1.2 0.9 1.7
or 28.1 30.5 31.4 30.9 28.6 25.3 26.3 28.0 27.3 30.0
ab 34.4 34,7 32.5 33.6 35.4 41.4 40.4 37.3 37.8 29.5
an 1.6 0.9 1.8 1.4 - .1 - - - 2.1
ac - - - - - - - - - -
WO - .6 1.1 0.8 - - - - -
en .2 .2 0.3 o2 0.1 . .1 0.1 .1 0.8
fs - .3 .1 .2 .1 .8 .8 .9 5 1.0
ol - - - - - - - - - -
mt . 7 .3 .1 .2 .8 .1 .3 .1 4 1.2
hm .1 - - - - - - - - ~
il o2 .1 .1 .1 .1 .1 - - .1 4
ap - - - - .1 - - - - .3
fr o2 .8 .8 .8 .8 o7 .3 o2 .5 .2
ce - - - - - - - - - -
D.I.h 96.9 96.8 95.8 96.2 97.0 97.5 97.5 97.2 97.4 92.4
% Includes data for two samples of comendite.

Proto-Fawwarah alkali-feldspar granite.
€ Turekian and Wedepohl (1961).
4 10 equals 1 ignition minus F

20 equals loss on ignition minus F.
? Includes 4.2 percent C0,.

Includes 2.1 percent C02.
E Includes 1.6 percent COy.

D.I. is sum of Q, or, and ab.

PETROGRAPHY
MARAGHAN LITHIC GRAYWACKE
The graywacke is principally composed of brownish-

green to olive-gray, fine-grained sandstone, but it also
includes medium-grained sandstone and siltstone. The

matrix is a silt-size intergrowth of turbid, fine-grained
clay minerals and, where metamorphism was more in-
tense, biotite is common and the sandstone has a spot-
ted appearance. The spots are less than 1 mm in
diameter and are composed of small porphyroblastic
clots of biotite. The matrix has locally been replaced by
carbonate and (or) ferruginous material.




PETROGRAPHY

The clast population is simple. Volcanic lithic clasts
(50 percent) outnumber monocrystalline quartz clasts
(30 percent) which, in turn, are more abundant than
subangular clasts of plagioclase (20 percent). Potassium
feldspar clasts are extremely rare. The lithic fragment
suite includes felsite, turbid grains of argillite, and
distinctive, fine-grained volcanic clasts that contain
small phenocrysts of plagioclase. Trace amounts of
zircon, opaque oxides, and epidote are present. The
graywacke was regionally metamorphosed under very
low grade conditions; the metamorphic grade was not
significantly enhanced by emplacement of the ring com-
plex rocks.

The characteristics of the Maraghan lithic graywacke
are typical of immature, rapidly deposited molasse
deposits, as defined by Williams and others (1954). The
graywacke is poorly sorted and massively bedded,
although finely laminated strata were identified local-
ly. Clasts are angular to subangular and elongate.
Porosity is low and the rock is grain supported.

ALKALINE DACITE

The very fine grained, grayish-black to blackish-red

11

alkaline dacite is hypidiomorphic granular and is com-
posed of an inequigranular, intergranular to weakly
trachytic intergrowth of plagioclase and magnetite (fig.
10). The rock is composed of 50-80 percent unzoned,
subhedral plagioclase laths 0.2 mm long. Locally,
plagioclase was stained pale orange by release of iron
oxides resulting from conversion of magnetite to
hematite during weathering. Euhedral plagioclase
phenocrysts, 1.0 mm long, compose 10 to 20 percent of
the rock in some areas and give the rock a porphyritic
texture. Anhedral to subhedral grains of magnetite
0.05 mm in diameter compose 20 to 30 percent of the
rock. Some samples contain aggregates of chlorite
grains, transected by opaque-oxide-coated fractures,
that appear to have pseudomorphously replaced
subhedral olivine grains that were 1 mm in diameter.
A trace amount of interstitial chlorite, in ragged flakes
0.1 mm long, were identified in some samples. Apatite,
in subhedral grains 0.01 mm long, is the only accessory
mineral and forms 1 percent of some samples. In-
terstitial, secondary calcite composes 5 percent of many
samples. Vesicles 1 to 3 mm in diameter were observed
in some samples. The vesicles are filled by botryoidal
growths principally composed of calcite and ferruginous

material but also include quartz and chlorite.

TABLE 2.—Trace- and rare-earth-element analyses for intrusive rocks of the Silsilah ring complex
[All values in parts per million. S.d. is standard deviation. Leader indicates no variance. N indicates not detected at the indicated value. L indicates less than the indicated value]

Unit Alkaline dacite Silsilah alkali granite
Benmoreite Mugearite Trachyte Tristanite Comendite
Sample
number 181028 181956 181928 181924 Mean? S.d. 181957 181960 181918 181929 181947 Mean® S.d.
Wet chemical analyses
Li 31 33 31 23 28 10 39 7.5 33 9 38 22 22
F 1480 1500 320 705 1014 447 546 558 1090 575 886 641 592
Energy dispersive X-ray fluorescence
Zn 111 159 102 102 128 25 104 88 141 85 132 106 50
Rb 42 49 81 134 63 31 117 114 134 118 128 108 51
Sr 363 649 191 193 415 170 24 25 25 25 73 35 20
Y 23 44 35 38 37 11 44 42 52 45 41 46 16
Zr 211 381 370 424 330 98 578 505 572 550 481 515 141
Nb 35 42 36 37 35 7 46 50 57 46 37 47 16
Sn 14L 14L 15 14L 14L - 15 14L 14 14L 14L 14L -
Ba 263 724 1850 1104 942 657 74 89 58 100 279 127 105
Neutron activation analyses
La 36 63 47 52 50 11 132 101 115 118 103 114 13
Ce 78 140 102 108 107 26 249 196 225 234 194 219 24
Nd 42 75 48 54 55 14 115 93 102 104 90 101 9
Sm 9.5 17.0 11.0 12 12 3.3 20 17 18 18 16 18 1
Eu 3.05 5.20 2.68 3.5 3.61 1.11 0.8 0.8 0.7 0.8 1.1 0.84 0.2
Tb 1.3 2.38 1.42 1.8 1.72 0.50 1.8 2.0 2.3 1.8 2.3 2.04 .3
Dy 7.2 11.7 8.6 10 9.4 1.9 11 13 12 13 14 12.6 1.1
b 2.7 4,9 4.6 5.1 4.3 1.1 6.2 6.2 6.7 5.8 5.2 6.02 .6
Lu 0.37 0.71 0.70 0.78 64 .18 .92 0.92 1.02 .88 0.80 .91 .08
Sum REE 180 320 226 247 244 537 430 483 496 426 474
Th 3.0 4.3 7.7 7.6 5.7 2.4 13 12 13 11 11 12 1
Delayed neutron counting analyses
u 1.1 1.5 2.9 2.8 2.1 0.8 3.7 4.3 4.6 3.7 5.2 4.3 0.6
Semiquantitative spectrographic analyses
Be 1L 2 5 5 3 2 5 3 5 3 5 4 2
Cu 15 30 5L 7 18 11 5L 5L 5L 5L 5L 5L -
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TABLE 2.—Trace and rare-earth element analyses for intrusive rocks of the Silsilah ring complex—Continued

Unit Proto® Hadhir aplite Fawwarah alkali-feldspar granite low—calcium
graniteg
Sample 4 £
number 181810 Mean S.d. 181856 181882 Mean® S.d. 181851 181878 181900 181904 Mean S.d.
Wet chemical analyses
Li 79 83 37 145 108 123 76 318 562 734 1094 513 238 40
F 777 2489 1031 3620 3770 2667 864 3810 3360 2310 2980 3617 1626 850
Energy dispersive X-ray fluorescence
Zn 80L 45 14 40N 40N 40N - 83 84 110 142 115 40 39
Rb 263 254 31 278 286 297 58 550 627 806 1100 669 172 170
Sr 24 28 7 14 23 17 4 19 18 15 15 20 10 100
Y 41 47 5 74 71 71 19 108 105 91 94 105 25 40
Zr 147 145 17 120 135 124 10 120 118 105 91 116 15 175
Nb 22 22 3 28 27 30 7 59 59 38 47 50 8 21
Sn 17 11 5 14L 37 22 25 42 48 75 89 80 45 3
Ba 49 70 31 34 22 35 16 17L 32 20 17L 17L - 840
Neutron activation analyses
La 36 36 - 26 17 22 6 15 22 17 18 18 3 55
Ce 87 87 - 67 39 53 20 48 59 61 63 58 7 92
Nd 44 44 - 40 25 33 11 29 33 31 28 30 2 37
Sm 10 10 - 12 7.5 9.8 3.2 11 10 11 10 11 1 10
Eu 0.2 0.2 - 0.2 0.2 0.2 - 0.1 0.1 0.1 0.2 0.13 0.05 1.6
Tb 1.8 1.8 - 2.5 2.0 2.3 0.4 2.9 2.0 2.4 2.4 2.4 A 1.6
Dy 11 11 15 15 15 - 21 15 17 18 18 3 7.2
Yb 6.6 6.6 - 8.8 8.9 8.9 .1 14 15 16 17 16 1 4
Lu .95 .95 - 1.24 1.35 1.30 .08 2.15 2.22 2.4 2,55 2.33 .18 1.2
Sum REE 198 198 - 173 116 146 143 158 158 159 155 8 210
Th 19 19 - 22 21 22 1 33 33 33 31 33 1 17
Delayed neutron counting analyses
U 8 8 - 7.9 5.8 6.9 1.5 12 12.5 12.1 11 11.9 0.6 3
Semiquantitative spectrographic analyses
Be 10 9 4 10 50 11 11 3 7 3 5 6 5 3
Cu 5L 5L - 5L 5L 5L - 5L 5L 5L 5L 5L - 10

2 Elemental means based on data for 9 samples, except rare—earth element, sum REE, U, and Th means, which are based on

data shown

Elemental means based on data for 43 samples, including comendites, except for rare—earth element, sum REE, U, and Th

means which are based on data shown
Proto-Fawwarah alkali-feldspar granite

LT W B < o)

Turekian and Wedepohl (1961)

COMENDITE

This fine-grained, pale reddish-brown rock is
allotriomorphic to hypidiomorphic granular and is
distinctly porphyritic (fig. 11). Quartz forms rounded
to bipyramidal phenocrysts 2-4 mm in diameter that
are anhedral to subhedral and compose about 5 percent
of the rock. Antiperthitic anorthoclase forms subhedral
to euhedral Carlsbad-twinned laths 3-4 mm long, weak-
ly altered to sericite, and composes about 60 percent
of the rock. These phenocrysts occur, in some samples,
in irregularly shaped clusters 0.5-1 ¢cm in diameter.
Anbhedral, interstitial albite forms only 10 percent of the
rock, although in some samples all feldspar has been
albitized by late-stage fluids. Ragged, interstitial,
opaque oxide grains are 0.2-4 mm in diameter and form
about 1 percent of the rock. Spindle-shaped laths of arf-
vedsonite 0.2-0.5 mm long compose another 2-3 per-
cent of the rock. The matrix is composed of irregularly
shaped, interstitial patches of quartz and feldspar in

Elemental means based on 9 samples, except rare-earth element, sum REE, U, and Th means, which are based on data shown
Elemental means based on 15 samples, except rare—earth elemeut, sum REE, U, and Th means, which are based on data shown
Elemental means based on 43 samples, except rare-earth element, sum REE, U, and Th means, which are based on data shown

micrographic intergrowth, of spherulitic overgrowths
of anorthoclase on quartz and anorthoclase pheno-
crysts, and of fine-grained aggregates of quartz and
alkali feldspar. Miarolitic cavities 1-3 mm in diameter
that are filled with albite occur in some samples.

The petrography of the prominent northeast-trending
dike is very similar to that of the comendite. In par-
ticular, anorthoclase phenocrysts and the micrographic
and spherulitic groundmass of the dike are similar to
those observed in the comendite. However, the ground-
mass of the dike is more distinctly micrographic than
that of the comendite.

SILSILAH ALKALI GRANITE

The medium-grained alkali granite is grayish-red,
hypidiomorphic granular, (fig. 12) and locally
characterized by a micrographic groundmass. The
groundmass is typically a fine-grained, allotriomorphic
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FIGURE 22. Harker variation diagrams showing the chemical variation exhibited by rocks of the Silsilah ring complex. Analyses normalized
to 100 percent (anhydrous) before plotting.

and classified on the basis of their chemistry, using the | follow an iron-enrichment trend (fig. 28) similar to that
scheme of Irvine and Baragar (1971). They represent | displayed by the rocks of the Skaergaard Intrusion
a wide compositional range (table 1). Samples 181028, | (Wager and Deer, 1939). The first two samples contain
181956, 181924, and 181928 are metaluminous and | about 6.5 percent Na,0 plus K,O at 47 percent SiO,
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EXPLANATION
e Fawwarah alkali-feldspar granite
4 Hadhir aplite

4 Proto Fawwarah alkali-feldspar
granite

o Silsilah alkali granite

+ Comendite

» Alkaline dacite

M

FIGURE 23. Ternary alkali-iron-magnesium (AFM) diagram (in weight
percent) for samples of the Silsilah ring complex. A=(Na,0+K,0),
F=(FeO+0.8998xFe,0,), M=MgO. Numbers next to data points
are prefixed by 181 to obtain complete sample number; they cor-
respond to entries in table 1. Trend lines from Irvine and Baragar
(1971).

and so are alkaline. The ternary proportions of nor-
mative or, an, and ab in these samples indicate that
these rocks are sodic-alkaline rocks. The second two
samples contain about 8.5 percent Na,O plus K,O at
62 percent SiO, and so have compositions transitional
between those of alkaline and subalkaline rocks. The ter-
nary proportions of normative or, an, and ab in these
samples indicate that they are potassic-alkaline rocks.
These four samples are characterized by high alkali ele-
ment contents, high total iron content, and low silica
content. Sample 181028 is a benmoreite, sample 181956
is a mugearite, sample 181928 is a trachyte, and sam-
ple 181924 is a tristanite (fig. 24). The tristanite and
trachyte have compositions that are transitional be-
tween compositions of samples 181028 and 181956 and
of samples 181957 and 181960, which are examples of
the comendite.

The chemistry of samples 181957 and 181960 support
the hypothesis, based on petrographic inference, that
these rocks are quenched equivalents of the Silsilah
alkali granite. The samples are peralkaline and acmite
normative. As suggested by Irvine and Baragar (1971),
these rocks are classified using the scheme developed
by Noble (1968) for acmite normative rocks; these rocks
are comendite. The classification scheme more recent-
ly proposed by MacDonald (1975) for peralkaline,
quartz-normative extrusive rocks also indicates that the
composition of these rocks is comenditic. Of the ring
complex components, the comendite has the highest
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FIGURE 24. Plot of normative color index (=ol+di+hy+mt+il+hm)
versus normative plagioclase composition (=100x(ab+5/3xne)/
{an+ab+5/3xne)) for four samples of the alkaline dacite. Composi-
tional field boundaries identified by Irvine and Baragar (1971) are
shown. Fields and composition names denoted by dashed lines per-
tain to sodic alkaline rocks whereas fields and composition names
denoted by solid lines pertain to potassic alkaline rocks. The dash-
dot line shows the boundary of the trachyte field, which is the same
for both types of alkaline rocks.

agpaitic index and is, therefore, the most peralkaline
component.

Major-element analyses for the three principal con-
stituents of the ring complex—the alkali granite, aplite,
and alkali-feldspar granite—indicate that these are
highly evolved rocks (table 1). The Silsilah alkali granite
is weakly peralkaline and acmite normative. The Silsilah
alkali granite is slightly more evolved than low-calcium
granite, as indicated by differentiation indices (table 1).
In particular, the alkali granite is characterized by
greater contents of Na,O, K,0, CaO, TiO,, and total
iron and lower contents of Al,O,, MgO, and P,O,. The
Hadhir aplite is metaluminous whereas the Fawwarah
alkali-feldspar granite is weakly peraluminous and
corundum normative. Both the aplite and the alkali-
feldspar granite have differentiation indices significant-
ly greater than that of low-calcium granite, but the com-
position of the aplite is a little less evolved than that
of the alkali-feldspar granite. These two rock types are
characterized by very high contents of SiO,; high con-
tents of Na,O, K,O, and F; and very low contents of
total iron, MgO, CaO, TiO,, P,O,, and MnO. The Q-ab-
or normative compositions of these plutons are com-
parable to low total-pressure, minimum-melt composi-
tions in the systems SiO,-KAlSi,O,-NaAlSi,O,-H,O
{fig. 25) and normative an-ab-or (fig. 26).

The alkali granite, including its quenched comenditic
equivalent, shows considerable SiO, variation, whereas
the Hadhir aplite and the Fawwarah alkali-feldspar are
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FIGURE 25. Normative quartz, albite, and orthoclase ternary diagram
showing the composition of samples from the Silsilah ring complex.
Numbers next to data points are prefixed by 181 to obtain com-
plete sample number; they correspond to entries in table 1. Small
dots, from top right to bottom left, represent the minimum melt-
ing compositions in the experimental system 5i0,-KAlSi,0,-
NaAlSi;O,-H,0 for P(H,0)=P(Total)=50, 100, 200, 400, 500, 1000
megapascal (MPa); 100 MPa=1 kbar (Winkler and others, 1975).
Circled pluses indicate minimum melting compositions at 100 MPa
with excess H,0 and 1, 2, and 4 percent fluorine, as indicated (Man-
ning, 1981).
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FIGURE 26. Ternary diagram showing the normative anorthite, albite,
and orthoclase {an, ab, or) contents of samples from the Silsilah ring
complex. Numbers next to data points are prefixed by 181 to ob-
tain complete sample number; they correspond to entries in table
1. Curves show the position of water-saturated eutectic composi-
tions at 200 and 800 MPa (Whitney, 1975). Data for samples 181028
and 181956 are not plotted because they plot outside the inset ter-
nary, toward the ab corner.

characterized by more restricted SiO, variation.
Samples of the alkali granite contain from 70.8 to 75.3
weight percent SiO,, whereas samples of the aplite and
alkali-feldspar granite contain from 74.1 to 76.9 weight
percent SiO,.

The composition of the proto-Fawwarah alkali-
feldspar granite (sample 181810, table 1) is more like
that of the Hadhir aplite than the average composition
for the Fawwarah alkali-feldspar granite itself. This
observation suggests that the aplite is a quenched
equivalent of the proto-Fawwarah alkali-feldspar
granite and that the Fawwarah alkali-feldspar granite
is a slightly more evolved phase of the magma
represented by the aplite and the proto-Fawwarah
alkali-feldspar granite.

Certain similarities exist between the major-element
composition of the aplite and the alkali-feldspar granite
and that of other highly evolved igneous rocks. The
evolved major-element compositions, especially their
degree of alumina saturation and their incompatible
trace-element enrichment, are similar to features seen
in metallogenically specialized granites (Tischendorf,
1977), S-type granites (White and Chappell, 1977), A-
type granites (Collins and others, 1982), ilmenite-series
granites (Ishihara, 1977), and topaz rhyolites (Burt and
others, 1982). At many places in the world, these highly
evolved rock types are associated with deposits of tin,
tungsten, and other rare metals. In contrast, the
peralkaline composition and less well-developed, incom-
patible trace-element enrichment characteristic of the
Silsilah, alkali granite contrast with these other highly
evolved rock types.

TRACE ELEMENTS

The trace-element composition of the alkaline dacite
is distinctive (table 2). In particular, the alkaline dacite
is depleted in the incompatible trace elements Rb, Y,
Nb, F, Li, U, Th, and Sn relative to their abundances
in the other ring complex components. The alkaline
dacite is notably enriched in barium and strontium
relative to their abundances in other ring complex com-
ponents and contains greater abundances of zirconium
than either the aplite or alkali-feldspar granite. The
trace-element composition of these rocks is similar to
that of primitive, alkaline melts that include an anatec-
tic upper-mantle component. In particular, the trace-
element composition of these rocks is similar to that of
less evolved members of the transitional basalt-
pantellerite sequence described by Barberi and others
(1975).

The alkali granite, aplite, and alkali-feldspar granite
can be distinguished on the basis of trace-element com-
position. Relative to the average low-calcium granite
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(table 2), the Silsilah alkali granite is depleted in Li, F,
Rb, Sr, Ba, and Th; is enriched in Zr and Nb; and may
contain slightly greater abundances of Y, Sn, U, and
Be. The Rb/Sr ratio (fig. 27) for the alkali granite is
about 3 and is, therefore, about twice that of low-
calcium granite. The trace-element chemistry of the
comendite is nearly identical to that of the alkali granite
(table 3), which confirms that it is a quenched equivalent
of the alkali granite. Relative to the low-calcium granite,
the Hadhir aplite is enriched in Li, F, Rb, Y, Nb, Sn,
Th, U, and Be and depleted in Sr, Zr, Ba, and Cu; its
Rb/Sr ratio (fig. 27) is about 18, about 10 times that of
the low-calcium granite. The Fawwarah alkali-feldspar
granite is enriched, relative to the low-calcium granite,
in Li, F, Rb, Y, Nb, Sn, Th, U, and Be and depleted in
Sr, Zr, Ba, and Cu; its Rb/Sr ratio (fig. 27) is about 28,
about 17 times that of low-calcium granite. Trace-
element enrichments and depletions identified in the
Hadhir aplite are better developed in the Fawwarah
alkali-feldspar granite. The degree to which the latter
granite is enriched in some elements and depleted in
others is extreme.

Tischendorf (1977) indicated that incompatible ele-
ment enrichment, including combinations of F, Rb, Li,
Sn, Be, W, and Mo, and high Rb/Sr ratios, are
diagnostic of metallogenically specialized granites. The
topaz rhyolites described by Burt and others (1982) and
S-type granites described by Chappell and White (1974)
are characteristically enriched in these same elements.
The ternary proportions of fluorine, lithium, and tin in
the Silsilah alkali granite plot in the field defined for
normal granites (Bailey, 1977), whereas the proportions
of these elements in the Fawwarah alkali-feldspar
granite plot in the field defined for stanniferous
granites. The proportions of these elements in samples
of the Hadhir aplite are transitional between those
characteristic of normal and stanniferous granites.

Trace-element data for the Fawwarah alkali-feldspar
granite and the Hadhir aplite are in part overlapping.
The highest abundances of the incompatible elements
in samples of the aplite are the same as values for the
least incompatible-element enriched samples of the
alkali-feldspar granite. Data for the alkali granite are
distinctly different from those for the alkali-feldspar
granite and the aplite but overlap with data for the com-
endite. Trace-element data for the alkaline dacite com-
prise discrete data fields that represent distinctly less
evolved compositions.

RARE-EARTH ELEMENTS

The REE chondrite-normalized patterns (fig. 284) for
the alkaline dacite are gently, negatively sloping and
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FiGURE 27. Ternary rubidium-strontium-potassium diagram for
samples of the Silsilah ring complex.

most lack a europium anomaly. The patterns and total
REE contents of these rocks (table 2) are similar to the
patterns and REE contents of compositionally similar
mugearites and benmoreites from the island of Reunion
(Zielinski, 1975). The trachyte from the Silsilah ring
complex is characterized by a small, negative europium
anomaly.

The comendite has REE patterns identical to patterns
for the Silsilah alkali granite. The sum of the nine REE
increases from almost 200 ppm in the alkaline dacite
to abou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>