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GEOLOGY AND MINERALIZATION AT THE
ISHMAS KABIR GOLD PROSPECT, ISHMAS
GOLD DISTRICT, KINGDOM OF SAUDI ARABIA

By

Bruce M. Walker, Majed Ben Talib, Mohamed El Komi,
Mir Amjad Hussain, and Ralph P. Christian

ABSTRACT

Ishmas Kabir ancient gold mine is located approximately 60 km southeast of
the city of Ranyah and 9 km northwest of Jabal Ishmas in the southwestern part of
the Ishmas gold district. The mine workings are located near the eastern edge of a
flat plain covered by eolian sand and drained by Wadi Bishah. Two elongate dumps,
75 m wide and 530 m long (combined length), comprise the workings. Rising 4 m
above the plain, they are prominent features in this area of low relief.

Core drilling (1,023 m total depth drilled) was conducted to define the extent
of potential gold occurrences at the prospect. The two northeasternmost of the four
holes drilled unequivocally intersected the gold-bearing main vein zone. Drill hole
1, the northeasternmost hole drilled, passed through significant lengths of altered
wall rocks + quartz veins containing > 100 ppb Au (threshold value). The average
gold concentration of all intercepts in drill holes 1 through 4 is 278 ppb; the total
length of drill core that assayed above the gold threshold value is 13.46 m. The
highest gold concentration (1,620 ppb) reported in geochemical assay results was
obtained from a 0.33 m length of core in drill hole 1. Gold-intercept occurrences are
not economic in the rocks drilled; no further deep drilling is recommended at this
time.

Gold concentrations in samples obtained from mine dumps are much higher
than in drill-core samples. Samples collected by earlier workers assayed 3-7 g/t, and
tonnage estimates of mine spoil have been estimated to be as high as 120,000 tons.
A possible sampling bias in earlier studies may favor larger gold-enriched, samples
relative to samples from quartz tailings. Further work at Ishmas Kabir should be
limited to defining gold resource potential in the dumps and in the oxidized, near-
surface quartz-vein system.

Primary gold at the Ishmas Kabir gold prospect occurs with quartz veins and
associated sericite + pyrite alteration hosted by quartz diorite and mafic dikes. The
highest gold concentrations both in dumps (earlier studies) and drill core (this
investigation) are found with limonite + hematite in breccia zones, in stringer veins,



and in sericitic alteration envelopes surrounding quartz veins. Secondary gold is
significant in this system and attests to the importance of oxidizing, acidic solutions.

Quartz veins intersected by drill holes are surrounded by mylonite schist.
Quartz and carbonate veins less than S mm thick are boudined, whereas thick quartz
veins (< 1.2 m) have disrupted and brecciated margins; mylonitized country rock
envelops quartz-vein fragments. Sulfide mineralization associated with vein
formation predates this rock-deformation event. (Contemporaneous brittle and
ductile deformation of quartz veins and country rocks occurred during the Nabitah
orogeny. Supergene gold enrichment took place much later.

INTRODUCTIO
|

|
LOCATION AND PHYSIOGRAPHY

The Ishmas Kabir ancient gold mine (MODS 01458; lat 20° 52.03’ N. and long
43°13.25’ E.) is located approximately 60 km southeast of Ranyah, the principal city
of the region, and 9 km northwest of Jabal Ishmas, the highest mountain in the area.
The mine workings are situated in the southwestern part of the Ishmas gold district
mapped by Doebrich and White (1989). The location of this district is shown in
Figure 1; the location of the mine is shown in Figure 2.

The Ishmas Kabir ancient mine workings ;i;e near the eastern edge of a
broad, relatively flat, rolling plain drained by Wadi Bishah, 15 km to the west. The
depressions on the mine dumps, the flanks of the dumps, and the surrounding plain
are covered by Recent eolian sand. The mine site is accessible to four-wheel drive
vehicles using desert tracks.

Ishmas Kabir mine consists of two elongated, slightly offset mounds (dumps)
of mine spoil rising 3-4 m above a surrounding plain. The combined length of the
dumps is 530 m and the approximate width is 60 m. Mine spoil consisting partly of
white-to-maroon iron-oxide-stained vein quartz surrounds trenches whose long axes
are parallel to the trend (N. 65° E.) of the dumps.

The remains of a village are located just to the north of the dumps, midway
between the distal ends of the mine workings. Fragments of broken white vein
quartz are present both on the dumps and at the village. The presence of stone
grinding wheels, anvils, and hammers verifies the physical methods used to
beneficiate ore; numerous slag buttons found within and near the village attest to
metallurgical activity at the mine.
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Figure 1.—Generalized map of the Arabian Shield (modified after Johnson and Vranas, 1984;
Stoeser and Camp, 1985; Johnson and others, 1987; and Doebrich and White, 1989).
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PREVIOUS INVESTIGATIONS

Several prospect-related geologic investigations preceded drilling activity at
Ishmas Kabir. Bogue (1954) and Schaffner (undated report) first examined the
mines (Ishmas ancient mine and Umm Shat Gharb) in the Ishmas gold district.
Smith (1964) first discovered, conducted grab sampling of, and reported on the West
Ishmas mine (Ishmas Kabir). Three trenches were cut across the Ishmas Kabir mine
dumps, and then sampled, in follow-up work conducted by Gonzales (1974). Worl
(1979) collected grab samples and mapped the mine workings. Boyle and Atkinson
(1982) briefly examined the deposit in light of placer-gold potential. White and
Doebrich (1988) re-examined the mine dumps and cut a trench to establish vein
attitudes and mineralization controls.

Ground geophysical surveys were conducted by Last and others (1988) at
Ishmas Kabir. Magnetic, VLF, and EM GENIE surveys were carried out on a
600,000 m? survey grid established using a theodolite, tape, and compass.

PRESENT INVESTIGATION

Four diamond drill holes, each having a bearing of 145° and alternate
inclinations of 45° and 60°, were designed to test gold grades and vein extent,
Collar locations (Figure 3) were arranged lineally along the extent of the ancient
dumps.

Fox and Longyear 44 wireline drill rigs were utilized in the prospect drilling.
Core-drilling (by BRGM) commenced with the operation of a single drill rig (Fox)
on January 29, 1988. A second rig (Longyear 44) began drilling on March 12, 1988.
Drilling in the last hole was completed on May 9, 1988. A total of 1,023 m was
drilled in four holes. PQ-, HQ-, and NQ-sized core was recovered.

The last assay group from the first submittal of samples was received on
August 13, 1988. Potential sample-preparation probLems warranted resubmission of
samples on November 13, 1988. Subsequently, the last gold-assay group of this
second submittal was received on January 29, 1989.

METHODS

The core obtained from each drill rig was split with a diamond saw, laid out,
measured, sampled, and logged. Sample intervals were determined by lithologic
breaks and were not to exceed a 1.0 m length in any mineralized interval. Sample
sizes were 3.0 m in unmineralized country rock. Samples were submitted for
assaying to the chemistry laboratory of the Directorate General for Mineral
Resources under the direction A. Hakim with J. Curry of the U.S. Geological Survey
as his technical advisor.
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Figure 3.—-Map of the Ishmas Kabir ancient gold mine. Sections A-A’, B-B’, C-C’, and D-D’ contain drill
holes 1, 2, 3, and 4, respectively.



Stained and polished petrographic thin sections prepared by the USGS
mineralogy-petrology laboratory were examined using a Leitz ORTHOLUX
microscope. Electron-microbeam analyses of mineral compositions were conducted
using a JEOL T 300 scanning electron microscope with a TRACHOR Northern Si
(Li) energy-dispersive detector; the microscope was operated by Mir Amjad Hussain
of the U.S. Geological Survey. Standard atomic-absorption analytical techniques
were used to assay samples by the chemistry laboratory.
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GEOLOGIC SETTING

The Ishmas gold district consists of two precratonic island-arc terranes joined
together by a collisional suture zone, the Nabitah mobile belt (Schmidt, 1981A;
Stoeser and others, 1984; Stoeser and Camp, 1984 and 1985; Doebrich and White,
1989; Figure 1). This suture zone includes the north-trending Nabitah fault zone,
which (in the Ishmas district) specifically separates the Asir terrane to the west from
the Malahah-Najran terrane (Johnson and Vranas, 1984; Smith and others, 1984) to
the east. Johnson and Vranas (1984, 1989) assigned the Halaban-group rocks east of
the Nabitah fault zone (Kellogg and others, 1986) to the Malahah-Najran terrane on
the basis of 1) the greater abundance and size of sulfide-mineral deposits in this
terrane relative to contemporary arcs of the Asir terrane to the West, and 2) the
presence of a narrow linear aeromagnetic anomaly (Nabitah fault zone) separating
the easternmost Ranyah magnetic province (Asir terrane) from the Tathlith
magnetic quiet zone (westernmost Malahah-Najran terrane). A seismic profile
across the Arabian Shield defines a lateral seismic-velocity boundary in the lower




crust at the Nabitah suture (Mooney and others, 1985; Gettings and others, 1986).
The Najran terrane was included in the Afif terrane east of the suture zone by
Stoeser and Camp (1984, 1985).

North-trending precratonic layered rocks in the Ishmas gold district contain
lower-greenschist to amphibolite-grade metamorphic rocks of the Halaban group
(Gonzales, 1974; Doebrich and White, 1989). An amphibolitized volcaniclastic
sequence (am) constitutes both the easternmost and westernmost outcrops in the
district (Figure 2, modified after Doebrich and White, 1989). Basalt, tuff,
ferruginous chert, marble, schist, cataclastic schist, and mylonitic schist (sch)
comprise a north-trending belt adjacent to the eastern margins of the Nabitah fault
zone. In the northcentral part of the district, north-trending precratonic layered
rocks include metamorphosed volcanic wacke, tuffaceous sandstone, marble, chert,
ferruginous carbonate rocks, and minor basalt units (hs). Undivided basalt, andesite,
dacite flows, and tuff (hv) surround the sedimentary and minor basalt units (hs) to the
east, south, and southwest.

Approximately 30 percent of the exposures in the Ishmas gold district
mapped by Doebrich and White (1989; Figure 2) are plutonic igneous rocks that
intrude precratonic Halaban-group rocks evolved between 785 and 746 Ma (Smith
and others, 1984). Pretectonic, fault-bounded, fine-grained gabbro and fine-grained
diabase (gu) intrudes the westernmost parts of the Nabitah fault zone. A large
layered-gabbro lopolith (gu) crops out in the western part of the district and
predates the Nabitah compressional orogeny that was proposed by Stoeser and
others (1984) to have occurred from 680 to 640 Ma in the southern part of the
Nabitah mobile belt. A monzogranite stock (mg) in the eastern terrane also
predates the orogeny. In the north-central part of the district, the emplacement of
tonalite, dacite porphyry, and quartz monzodiorite stocks (du) postdates the Nabitah
orogeny.

Rocks of greenschist-grade regional metamorphism are found throughout the
Ishmas gold district, and rocks characterized by the highest metamorphic grades are
found proximal to the Nabitah fault zone (Doebrich and White, 1989). Doebrich
and White (1989) proposed that 1) regional grades of metamorphism are associated
with the Nabitah orogeny and 2) amphibolite-grade mineral assemblages in the
district represent contact-metamorphic aureoles on the early gabbro and
monzogranite plutons. However, Gonzales (1974) reported that almandine-
amphibolite-grade regional metamorphism characterizes Hali-group rocks located 2
km west of the Ishmas Kabir mine and east of the Nabitah fault zone (Halaban-
group rocks of Doebrich and White, 1989, and Schmidt, 1981B).

Mylonite and ultramylonite units (myl) crop out extensively in the district
(Doebrich and White, 1989; Figure 2). These ductile-deformation features are
typically siliceous, north-trending rock units spatially associated with the Nabitah,
Ishmas East, and Ishmas West fault zones recognized by Gonzales (1974). Mylonite



zones (combined thickness of 2 km) are present within the Nabitah fault zone. The
high strain rates typical of mylonite formation are ascribed to Nabitah orogenesis.
Mpylonitization, accompanied by faulting and shearing, followed a period of protolith
folding during the orogeny. Partially mylonitized serpentinite bodies (sp) were
diapirically injected upward into the crust along the Nabitah, Ishmas East, and
Ishmas West fault zones during the Nabitah orogeny.

Approximately 25 km northeast of the Ishmas Kabir ancient mine, the
Nabitah fault zone is truncated by southern boundary faults of the younger
northwest-trending Najd fault zone (Gonzales, 1974; Worl, 1978). Stoeser and
Camp (1984, 1985) proposed that movement along these structures occurred
between 630 and 550 Ma. Northwest-trending Najd-age faults cut post-orogenic
dacite porphyry and quartz monzodiorite in the north-¢entral part of the Ishmas gold
district (Doebrich and White, 1989).

PROSPECT GEOLOGY
LITHOLOGY

Examination of Ishmas Kabir trench samples led White and Doebrich (1988)
to conclude that veins and associated mineralization were hosted by foliated quartz
diorite. Subsequent drill-core examination (presented herein) verified this
observation and provided more specific compositional idetails. Each of four geologic
cross sections across the ancient workings (locations shown in Figure 3) include
individual drill-hole observations.

Quartz Diorite

Modal analyses of two relatively unaltered core samples (Table 1; IK 1-34.5a
and IK 1-34.5b are from one sample) obtained from drill hole 1 defined country-
rock compositions somewhat distal to zones of mineralization. Petrographic
examination of thin sections have established modal compositions of these samples:
7-9 percent interstitial quartz, 19-20 percent clinopyroxene, 9-20 percent brown
biotite, 2-4 percent green biotite, 45-53 percent plagioclase, 1-6 percent interstitial
potassium-feldspar, 0.5-4 percent epidote, and less than 1 percent accessory zircon,
apatite, magnetite, and ilmenite. Two biotite phases are present in these samples: a
primary brown biotite and a secondary green biotite %ociated with epidote. Actino-
lite (?), a product of pyroxene alteration, is found between pyroxene grains and rims
of green biotite + epidote. Locally, interstitial myrmekite is present at plagioclase
grain boundaries. The grain sizes of these rocks range from 0.5 to 2.0 mm.

Plagioclase grains are continuously zoned with compositions ranging from
32.53 to 58.3 mole percent anorthite, from 66.73 to 40.89 mole percent albite, and
from 0.74 to 0.82 mole percent orthoclase. The arithmetic average and standard
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deviation for 22 microbeam analyses of plagioclase is as follows: 37.45 = 5.64 mole
percent anorthite, 61.37 = 5.54 mole percent albite, and 1.17 = 0.82 mole percent
orthoclase (Table 2). These andesine compositions are diagnostic of quartz diorite
rocks (Moorhouse, 1959).

Table 1.--Modal analyses of quartz diorite samples from drill holes 1 ({K1-34.5a and 1K1-34.5b) and
3 (IK3-169.9). Downhole depths of samples are 34.5 m in drill hole 1 and 169.9 m in drill hole
3. Normalized (to 100 %) percentages of quartz, plagioclase, and K-feldspar are shown.

MODAL ANALYSES

IK1-34.5a 1K1-34.5b 1K3-169.9
(Volume %) (Volume %) (Volume %)
Quartz 7.10 7.23 8.75
Plagioclase 47.9 53.2 40.2
K-feldspar 5.35 5.67 0.97
Clinopyroxene 20.0 19.7 19.3
Biotite (brown 16.7 12.3 20.5
+ green)
Sericite 0.58 0.10 5.35 (after plag.)
Epidote 2.04 0.59 4.28
Opaques 0.39 1.17 0.29
Clay 0.00 0.00 0.29
Other 0.00 0.10 0.10
No. of Counts 1,028 1,023 1,028
NORMALIZED PERCENTAGE
Quartz 11.77 10.94 15.84
Plagioclase 79.36 80.48 82.40
K-feldspar 8.87 8.58 1.76

100.00 % 100.00 % 100.00 %

Table 2.--Plagioclase compositions determined by energy-dispersive analysis of sample IK1-34.5b
(drill hole 1, 34.5 m depth). Calculated anorthite (An), albite (Ab), orthoclase (Or), and
celsian composition (Cel) are also listed.

Average Max imum Max imum
+ Std. Dev. Anorthite Albite
(21 analyses) Composition Composition
Na0 8.12 + 0.87 5.18 9.05
Aly05 26.41 + 1.00 29.99 25.41
sioz 56.29 + 1.39 51.90 58.27
K50 0.23 £ 0.16 0.16 0.15
Ca0 8.93 + 1.18 13.36 7.98
FeO 0.21 + 0.09 0.28 0.17
Ba0 0.01 &+ 0.04 0.00 0.00
JOTAL - - 100.20 % 100.87 % 101.03 %
An 37.45 + 5.64 58.30 32.53
Ab 61.37 + 5.54 40.89 66.73
or 1.17 + 0.82 0.82 0.74
Cel 0.01 + 0.05 0.00 0.00
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Dikes

Dikes intersected by drill holes (Figure 4) include altered mafic rocks,
possibly fine-grained diabase and andesite, and felsic rocks (granite and granite
pegmatite). Very fine-grained quartz (<02 mm) was observed in thin sections of
probable altered andesitic dikes. Sericite + carbonate + chlorite mineral
associations dominate the mineralogy of the altered mafic rocks. Hydrothermally
altered mafic dikes typically host carbonate and quartz veins, especially at dike
contacts with quartz diorite.

VEINS
Ishmas Kabir was mined by the ancients using techniques current to those
times. The ore was processed mechanically to separate vein gangue, as evidenced by
broken chips (<3 cm) of white vein-quartz tailing scattered upon mine dumps and at
the village site. Dump spoil consists of coarse quartz and schist fragments, quartz
chips (tailing), and eolian sand.

A 4-m-long outcrop of white vein quartz of indeterminate width is present on
the easternmost mound of dump material; the direction of elongation of the vein is
subparallel to the N. 65° E. bearing of the mound (Figure 3). A trench cut by White
and Doebrich (1988) at the southwestern end of the dumps defines the vein strike
and dip as S. 31° W.and 50° NW.,, respectively. '

Louis Gonzales (September 13, 1971, USGS unpublished report, 2 p.)
described a 110-cm-thick open cut striking N. 55° E. and dipping 75° S. The walls of
the ancient cut (exposed in three trenches dug by a bulldozer) apparently had not
moved from their original position at the time they were examined by Gonzales.
The walls themselves are slickensided fault planes that cut mylonite and fault breccia
cemented by carbonate and quartz. Ore-mineral groups observed in dump spoil
include 1) malachite, azurite, and limonite boxwork after sulfide minerals, 2) sooty
chalcocite, and 3) sparse pyrite and chalcopyrite. Ribbon structures (crustification
?) and vugs were common in vein gangue. A 10-m-deep ancient shaft, located 10 m
from one of the trenches, passed through a milky white quartz vein.

Drill-core observations more specifically define the nature of these veins and
vein-associated alteration. These observations are presented in the sections that
follow. |

|

Vein Mineralogy and Te;xture

Various proportions of quartz, rhombohedral carbonate-group minerals,
chlorite-group minerals, pyrite, trace amounts of chalcopyrite, limonite, and
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hematite fill vein structures. No gold was visible in veins intersected by drill core.
Carbonate minerals analysed as calcite (1 percent MgO, 1 percent FeO, < 1 percent
MnO, 53 percent CaO by weight), but dolomite-specific staining indicated the
presence of a minor occurrence of a magnesium-rich carbonate phase in thin-section
samples. Selected chlorite compositions from quartz + carbonate + chlorite veins
are listed in Table 3. Magnesium in these veins is preferentially
concentrated in chlorite rather than in associated rhombohedral-group carbonate
minerals.

Table 3.--Vein chlorite compositions determined by energy-dispersive analyses for sample
IK1A-59.6 (drill hole 1, 59.6 m depth).

Average Std. Dev.

(Wt. %) (Wt. %)
Na,0 0.34 0.27
Mgo 20.86 0.68
Aly0z 17.84 0.94
sigz 29.28 0.74
Kx0 0.07 0.07
cao 0.24 0.20
Tio, 0.10 0.18
Cl‘203 0.06 0.08
MnO 0.12 0.08
FeO 20.67 0.77
cl 0.05 0.07

TOTAL 89.63

Thick veins containing more than 95 percent quartz define the main vein
zone in drill hole 1 (Figure 5). The arithmetic average thickness and standard
deviation of quartz veins in the zone is 0.14 m = 0.31 m for a range of thicknesses
from 3.0 mm to 1.2 m. Comparable vein thicknesses are not present outside of this
zone in any of the drill holes. The margins of a 1.2-m-thick quartz vein are
brecciated and cemented by carbonate-group minerals. Veins containing more than
50 percent carbonate minerals are invariably less than 2 cm thick.

Crystals of quartz commonly are surrounded by pocket fillings of carbonates
(calcite and dolomite/ankerite), chlorite minerals, or carbonate + chlorite.
Rhombohedral carbonate minerals surround quartz crystals in as much as 5 percent
of the hanging wall portion of thick quartz veins. Foliated country rocks contain
either disrupted or boudined quartz and carbonate veins.

Stringers (less than 1 mm thick) of chlorite = carbonate = pyrite commonly
are observed with carbonate-dominant vein types in these rocks. Although not as
abundant as chlorite stringers, biotite + epidote stringers are present in less-altered
quartz diorite country rocks.

Pyrite is the principal sulfide found in vein fillings. Its occurrence is markedly

less frequent in quartz and carbonate veins than in adjacent altered wall rock. Trace
occurrences of chalcopyrite with pyrite were noted in veins containing quartz.
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Limonite and hematite are psendomorphous after pyrite and also coat
irregular fractures cutting quartz veins (see also White and Doebrich, 1988). These
oxides typically are found in the weathered zone of oxidation that extends downward
12-20 m below the present erosion surface. Additionally, the presence of these iron
oxides in faults, brecciated veins, and hydrothermally altered foliated wall rocks
correlates with drill-core intervals with the highest gold concentrations (Figure 6).
These oxides define zones of oxidation (supergene enrichment?) surrounded by
what are otherwise hypogene rocks.

An autoclastic hydrothermal-breccia body, intersected in drill hole 4 (Figure
4), consists of 5-10 percent by volume matrix. This matrix contains (by volume) 45
percent carbonate, 35 percent quartz, 5 percent chlorite, and 3-5 percent pyrite
cubes. Pyrite concentrations as high as 10 percent by volume are distributed
throughout both the breccia matrix and clasts. Pyrite grain sizes are
characteristically less than 3 mm in the matrix and less than 1 mm in clasts. No
hematite or limonite were observed in the breccia body. Essentially, the
hydrothermal-breccia matrix is a vein filling.

In the hydrothermal breccia, angular to subangular clasts of altered quartz
diorite and subordinate altered mafic dike rock generally exceed 1 c¢cm in size.
Fragments (1-2 cm) of vein quartz are somewhat rare, but they are significant. None
of the clasts are foliated and quartz veins are not present within the clasts. Very
little rotational and translational movement of larger clasts is apparent in the drill
core, and there is no evidence of fault-generated comminution of fragments.

Spatial and Temporal Relationships of Veins

Last and others (1988) defined four subparallel electromagnetic conductors
(1.5-2 mho conductance) at Ishmas Kabir. The two southernmost conductors are
related to geologic contacts, whereas the other two are related directly to the ancient
workings. The alignment of conductor traces (projected to the surface from a depth
of about 20 m) is nearly parallel to the direction (N. 65° E.) of elongation of the
dumps. These conductors may be spatially equivalent to the vein zone at the mine.
Traces of this zone also are subparallel to the intrusive contacts defined by the
presence of magnetic anomalies southeast of the dumps. :

The vein zone (main vein zone) mined by the ancients at the Ishmas Kabir
mine was intersected throughout 32.91 m of core in drill hole 1, the
northeasternmost of the four drill-hole sites. Within the main vein zone, an uphole
group of quartz veins extends from 110.70 m to 121.00 m, and a downhole group of
quartz veins extends from 139.10 m to 143.83 m. Significantly, the downhole group
of veins is enriched in limonite + hematite relative to the uphole group of veins.
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The main vein zone projects through at least two 1-m intervals in drill hole 2;
drill hole 3 did not intersect the main vein zone. Veins containing quartz are plotted
on cross sections (Figure 5). Based on data obtained from drill holes 1, 2, and 3, the
main vein zone pinches out with increasing depth and at least part of it plunges
gently northeastward.

The hydrothermally derived autoclastic breccia was intersected in drill hole 4
at a downhole depth of 80-113 m. This breccia body may be spatially equivalent to
the surficial expression of the main vein zone. The apparent thickness of this zone is
comparable to the main vein zone intersected in drill hole 1. However, vein
attitudes measured in a footwall trench at the westernmost end of the dumps do not
project to the intersection of the breccia in drill hole 4 (W.H. White, USGS archived
data; Figure S5). Either a fault offset, a subsidiary vein set, flattening of vein
structures, or the en echelon arrangement of veins within the main vein zone could
account for the observed discrepancy between the position of the breccia body and
the projection of quartz veins from the surface.

Veins are frequently present both at dike intrusive contacts and within dikes.
Mafic and leucocratic dikes do not cut veins of any compositional category. Drill-
core data indicate that the veins were formed subsequent to dike emplacement.

The cross-cutting relationships among veins of all categories are significant.
Although biotite stringers are not common, a 1-cm-thick quartz vein cuts and offsets
biotite stringers in drill hole 3. Quartz-dominant (> 75 percent quartz) veins
commonly are cut by irregular carbonate-dominant (> S0 percent rhombohedral
carbonate-group minerals) stringer-vein types. Furthermore, the presence of quartz
clasts in the carbonate-dominant autoclastic breccia matrix supports the early
(relative to carbonate-dominant veins) formation of quartz veins. Carbonate-
dominant veins, on the other hand, are not cut by quartz-dominant veins: they
appear to be cut mostly by chlorite-dominant veins. Carbonate + chlorite stringers
cut clasts and matrix in the breccia body in encountered drill hole 4. The proposed
temporal sequence (arranged from earliest to latest) of formation of spatially
equivalent veins is proposed as follows: 1) biotite (epidote), 2) quartz (carbonate), 3)
carbonate (quartz + chlorite), and 4) chlorite (carbonate).

A paragenetic sequence is readily definable within a continuum comprised of
100 percent chlorite-100 percent carbonate-100 percent quartz-gangue fillings in
vein structures. Quartz crystals project from vein margins into carbonate and
chlorite pockets, clearly indicating an earlier origin for the quartz. Similarly, the
presence of chlorite pods within carbonate-group-mineral phases defines generally
later crystallization of chlorite. The presence of chlorite pods near vein margins (yet
surrounded by carbonate-group minerals) could evidence temporal overlap of these
phases. The paragenetic sequence for gangue phases within veins is 1) quartz, 2)
carbonate, and 3) chlorite. Vein pyrite appears to have formed throughout this
sequence.
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By far the greatest volume of early-formed quartz veins in all drill holes is
found in the main vein zone, an observation that contrasts with the more widespread
occurrence of carbonate-dominant veins. No evidence for crustified layering in
main vein zone quartz veins exists in drill core; each of these veins probably
represents one filling event.

ALTERATION

Three alteration associations were noted during the petrographic
examination of thin sections made from samples of dioritic country rocks and mafic
dikes. These associations include 1) green biotite + epidote + plagioclase +
pyroxene + biotite + quartz * actinolite, 2) sericite + feldspar + quartz + pyrite,
and 3) sericite + carbonate + chlorite + quartz + pyrite. These association types
resulted from the alteration of primary feldspar, clinopyroxene, and biotite,
respectively. In this report, further references to these associations will be
abbreviated as follows: 1) green biotite + epidote, 2) quartz + sericite + pyrite, and
3) carbonate + chlorite + pyrite.

Green biotite and epidote in stringers apparently have the same composition
as secondary green biotite and epidote occurring specifically at grain boundaries.
Secondary biotite at grain boundaries is somewhat wedge shaped and the apex of any
individual grain is attached to a substrate composed of either pyroxene or biotite.
The wide portion of the green-biotite wedges project into plagioclase; therefore, the
direction of growth is from pyroxene and brown biotite into plagioclase.
Additionally, epidote prisms are aligned subparallel to the growth direction of
biotite.

reaction. Felty actinolite (?) reaction rims may also be present between green
biotite and clinopyroxene. The hydrothermal solutions responsible for this
association could have had a late magmatic origin. The secondary quartz + sericite
+ pyrite mineral association distinctly envelops quartz-dominant veins. Feldspar
and ferromagnesian minerals are completely consumed by sericite, a term loosely
used herein for all white mica minerals. This mineral association is best developed
adjacent to thick quartz veins in foliated quartz diorite.

The formation of these secondary phases in{olved a plagioclase-consuming

Veins containing significant to dominant carbonate fillings (with quartz) are
enveloped by sericite + carbonate + chlorite + pyrite. Although sericite appears
to be the dominant mineral immediately adjacent to the vein, it is also disseminated
with carbonate minerals in relict plagioclase more distal to the vein structure.
Sericite after plagioclase, carbonate after plagioclase, and chlorite after
ferromagnesian phases typify the alteration association. Clots of carbonate-group
minerals partially surrounded by chlorite and discontinuous stringers of carbonate =
chlorite commonly are identified in thin section.




The aforementioned mineral-alteration associations are spatially and
temporally related to specific vein types that include earliest biotite + epidote
(biotite + epidote association), quartz dominant (quartz + sericite + pyrite
association), and latest carbonate dominant (sericite + carbonate + chlorite +
pyrite association). Consequently, later carbonate veins cutting earlier quartz veins
superimpose their alteration envelopes upon the earlier alteration associations,
thereby confusing the interpretations of carbonate + chlorite-bearing associations.

CONTEMPORANEOUS DUCTILE AND
BRITTLE DEFORMATION FEATURES

Quartz diorite and mafic dikes proximal to quartz veins are characterized by
mylonite deformation folia aligned subparallel to quartz-vein structures. Gonzales
(1974) and Worl (1979) observed schistose rock fragments on the Ishmas Kabir
dumps and proposed that the ancient workings might be situated close to the contact
of a diorite intrusion with schist. White and Doebrich (1988) recognized foliation in
quartz diorite bounding the quartz-vein footwall in a trench exposure.

Medium-grained quartz diorite abruptly grades into foliated mylonites, which
are typified by micaceous layers separating mylonitized quartzofeldspathic layers.
Porphyroclasts (< 1 mm) of quartz, plagioclase, and biotite are embedded in a
mesostasis of feldspar, sericite, and quartz (< 1 mm grain size) in the mylonitic
layers. Deformed pyrite and sericite porphyroclasts have a characteristic augen-like
appearance in foliated, sericitized quartz diorite wall rocks of quartz veins. Pyrite
crystals are not significantly deformed where they are enclosed by carbonate
minerals. Microdisplacements along micaceous foliation planes offset a 6-mm-thick
quartz (80 percent) + carbonate (20 percent) vein in drill hole 1 at a downhole
depth of 122.7 m. The deformation of these rocks postdates vein formation and
sulfide mineralization.

All veins occurring in mylonitized rocks are deformed in various ways.
Carbonate veins and quartz veins less than S mm thick display boudinage when
surrounded by foliated rocks. On the other hand, brecciated margins of thick quartz
veins evidence disruption textures adjacent to foliated country rocks.

Deformation foliation is best developed in the lowermost (downhole) group
of veins in the main vein zone intersected by drill hole 1 (figures 4 and 6). Very
closely spaced folia (< 1 mm thick) enclose a 1.2-m-thick quartz vein at a downhole
depth of 142 m. The uppermost 0.26 m and lowermost 0.16 m of this vein are
brecciated. Angular clasts of quartz-vein fragments, including quartz crystals (< 1
cm), are set in a carbonate matrix. Wall rock fragments have plastic flow features
and they typically wrap around quartz clasts. Limonite and hematite are enriched
both in these breccias and in surrounding foliated quartz diorite and mafic dikes.
The central part of the vein is stark white, massive, and barren.

29



FAULTS

Few significant faults were noted during core logging (Figure S). A nearly
vertical (?) fault containing breccia fragments was intercepted in drill holes 1, 2, and
3. The N. 65° E. trend of this structure is nearly parallel to the strike of veins and
the orientations of dumps.

A fault in a sheared, mylonitized mafic dike at 96.5 m in drill hole 1 contains
anomalous concentrations of gold and silver. Gouge-coated, mylonitized, foliated
quartz diorite fragments were recovered, indicating postmylonitization movement on
the structure. A N. 55° E. strike on slickensided fault planes bounding a mined-out
vein at the surface was measured by Louis Gonzales (September 13, 1971,
unpublished report). These fault surfaces cut cemented fault breccia and mylonite.

Last and others (1988) defined two sets of faults on the basis of results
obtained from a magnetic survey. These faults trend 313° and 13° (azimuth) and
are ascribed to left-lateral Najd and Nabitah faults, respectively.

GEOCHEMICAL RESULTS FROM
DRILL-CORE SAMPLES

A threshold value of 100 ppb Au was chosen from 563 drill-core samples
(Figure 7) in order to define vein-system mineralization patterns. Twenty-five
samples (4.4 percent of the total samples collected from drill core) assayed above
this threshold limit. Twenty-two of the samples exceeding 100 ppb Au were
obtained from drill hole 1, whereas three came from drill hole 2.

Table 4 lists silver, copper, lead, zinc, arserlic, molybdenum, tellurium, and
gold concentrations for samples containing > 100 ppb Au (only drill hole 1 and 2
samples contain > 100 ppb Au). The highest gold concentrations reported in this
table are 1) 1,620 ppb at a downhole depth of 96.27 m to 96.60 m (0.33 m total) from
a fault zone in drill hole 1 and 2) 1,500 ppb at a downhole depth of 141.37 m to
141.63 m (0.26 m total) from the lower vein group in the main vein zone in drill hole
1. The highest silver concentrations reported in this table are 1) 13.00 ppm from
96.27 m to 96.60 m (0.33 m total) in drill hole 1 and 2) 2.70 ppm from 96.60 m to
96.72 m (0.12 m total) in drill hole 1. Arithmetic averages of silver, arsenic, and
tellurium concentrations are significantly higher (by inspection) in those samples
containing > 100 ppb Au than average concentrations of the same elements in the
total sample population. A complete listing of assay results is presented in the
Appendix 1.
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Figure 7.—Histograms of gold concentration (ppb) and log gold concentration (ppb) of all samples
from drilling program (563 sample assays). Gaps between bars separate class intervals and are

not representative of population characteristics. Samples containing >220 ppb Au and >2.20 log
ppb Au are included in the largest class interval in each histogram.
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Table 4.—-Chemical analyses of samples (563) containing >100 ppb Au (threshold concentration)
from drill holes 1, 2, 3, and 4.

Rass No.
hkhkrkrkkkhn
235036
235037
235038
235055
235057
235058
235060
235070
235071
235072
235073
235075
235077
235084
235095
235096
235103
235105
235106
235108
235110
235111
235415
235419
235468

FROM
xhkkk
95.73
96.27
96.60
110.92
111.20
111.34
112.10
115.03
116.00
116.22
116.36
116.60
117.67
121.00
132.00
133.00
139.10
140.95
141.37
142.42
142.75
143.10
130.00
132.75
226.00

TO

*h
96.27
96.60
96.72
111.07
111.34
112.00
112.20
116.00
116.22
116.36
116.46
117.50
118.02
122.00
133.00
134.00
139.92
141.37
141.63
142.58
143.10
143.83
131.00
133.75
227.00

INT.
{m)
*kk

0.54

0.33

0.12

0.15

0.14

0.66

0.10

0.97

0.22

0.14

0.10

0.90

0.35

1.00

1.00

1.00

0.82

0.42

0.26

0.16

0.35

0.73

1.00

1.00

1.00

MIN.
MAX.
AVG.
STD.

NO.

Ag
{ppm)
rkkik

0.52
13.00
2.70
0.25
0.62
0.12
1.20
0.10
0.10
0.10
0.10
0.20
0.05
0.15
0.10
0.05
0.05
0.05
0.16
0.11
0.05
0.12
0.10
0.70
0.00

0.00
13.¢0
0.83
2.55
25

Cu
{ppm)

kkkrk

30
45
25
150
45
65
80
10
10
S
30
55
15
70
40
50
30

N
oo ULMeED

4.00
150.00
33.16
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170
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180
230
180
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STATISTICAL DATA FROM DRILL HOLE NO. 1,2,3 AND 4 - ALL SAMPLES
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562

0.00 0.00

30.00 165.00
3.65 10.8S5
2.92 16.14

562 562

0.00
1620.00
24.00
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Plots of silver, copper, lead, zinc, arsenic, molybdenum, and tellurium
concentrations versus gold in samples containing > 100 ppb Au are shown in Figure
8. Only arsenic and tellurium demonstrate possible positive correlation with gold.
Definitive correlations between silver and gold, copper and gold, lead and gold, zinc
and gold, and molybdenum and gold are suspect.

Downhole plots (Figure 9) of gold concentration in each drill hole
diagrammatically present the distribution of gold concentrations higher than the
100-ppb threshold value. Anomalous gold concentrations are limited to 1) the main
vein zone in drill holes 1 and 2, and 2) a fault zone in mylonite immediately above
the main vein zone hanging wall in drill hole 1. These gold occurrences also define
anomalous silver concentrations, although the correspondence between the two
elements is not well defined.

Twenty-five intervals from drill holes 1 and 2 having > 100 ppb Au define the
sixteen intercepts presented in Table 5. The largest calculated gold intercepts
defined by weighted average [} XY/} Y (X=concentration, Y =sample interval)]
are 944.12 ppm from a downhole depth of 140.95 to 141.63 m (0.68 m) and 0.727
ppm from 95.73 to 96.72 m (0.99 m) in drill hole 1. The gold and silver weighted
averages for all samples containing >100 ppb Au are 278 ppb and 0.51 ppm,
respectively. The gold-silver ratio in these samples (based on total weighted
average) is 0.55. The sum of all intercept lengths is 13.46 m, which is 1.32 percent
of the 1,023.20 m drilled.

Weighted averages calculated for 58 samples containing gold and silver (drill
hole 1) collected throughout the entire main vein zone from a downhole depth of
110.70 m to 143.83 m (33.13 m total) are 93.82 ppb Au and 0.12 ppm Ag (Table 6);
the gold-silver ratio is 0.78. However, the average gold concentration on a per
sample basis is 121 ppb (= 227 ppb =one standard deviation), whereas silver is 0.16
ppb (= 0.20 ppm). Comparatively, the average concentrations of gold and silver in
the 563 samples assayed (Table 4) on a per-sample basis is 24.00 ppb (= 103.13 ppb)
and 0.14 ppb (=0.62 ppm), respectively. The average sample size throughout the
main vein zone was 0.57 m (= 0.38 m) (Table 6).

The distribution of gold concentrations exceeding 100 ppb between veins and
wall rocks within the two vein groupings in drill hole 1 is shown in Table 7. The data
obtained from the uphole group of veins (110.7 - 121.0 m) clearly show that gold
concentrations are higher in sericitized wall rock (181 and 132 ppb) than in either
the quartz veins (43.7 ppb) or the less-altered country rocks (43.8 ppb). However,
both the veins and the wall rock are enriched in gold (367 and 394 ppb, respectively)
relative to less-altered country rocks (51 ppb) in the downhole quartz-vein group
(139.1 - 143.83 m). The downhole vein group is enriched in hematite + limonite
relative to the uphole vein group (< 0.1 percent compared to < 1.5 percent). Gold
in the uphole group probably is locked in pyrite found in sericite + feldspar +
quartz + pyrite alteration associations. No visible gold was found in either the
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