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GEOLOGICAL AND GEOCHEMICAL STUDIES IN THE WADI BIDAH
DISTRICT, KINGDOM OF SAUDI ARABIA
by
C. W. Smith, B. C. Watersl/, M. Naqvi, R. G. Worl2/,
A. M. Helaby, V. J. Flanigan2/, H. Sadek, and R. M. Samater
ABSTRACT

Geological and geochemical followup studies of airborne
electromagnetic anomalies in the Wadi Bidah district,
southwestern Saudi Arabia, did not reveal metals of economic
grade.

Investigation of an anomaly enclosing the Rabathan
ancient mine disclosed tightly folded and sheared Proterozoic
tuffaceous rocks interlayered mostly with chert, dolomite,
carbonaceous rocks, and volcanic wacke including cherty
iron-manganese formations slightly anomalous in copper and
zinc. Three drill holes placed to test anomalies within
these formations yielded negative results.

Studies of a long, narrow anomaly north of the Rabathan
area indicated a similar geological environment. This
northern area also contains limited zones that are highly
anomalous in copper and zinc and extensive 2zones that are
slightly anomalous in those metals. Drilling was not
undertaken in this area.

The Bilajimah airborne electromagnetic anomaly west of
Wadi Bidah coincides with a broad synclinorium of layered

felsic tuffs and gossans. Geochemical studies indicated
slightly anomalous copper, zinc, and silver values in gossans
within the anomaly area. Two drill holes intersected

carbonaceous rock that contained approximately 15 percent
pyrrhotite and traces of sphalerite and chalcopyrite.

Two geophysically anomalous areas west of Wadi Bidah
surround ancient mines at Mahawiyah and Khayal al Masna'ah.
Results of geochemical sampling at these workings were
positive. An airborne electromagnetic anomaly located in the
Assifar area in the southwestern corner of the Wadi Bidah
district is underlain principally by metasedimentary rocks
that include 1large 1linear 2zones of cherty iron-manganese
formation and a few gossans containing secondary base metal
minerals.

1/ Consolidated Mining Company, Vancouver, British Columbia

2/ y.s. Geological Survey, Denver, Colorado



Detailed mapping and sampling of the Mulhal ancient mine,
located west of Wadi Bidah, revealed two types of polymetal-
lic gossans: (1) stratiform deposits interlayered with
ignimbrites and mafic volcanic rocks and (2) barite-bearing
gossanous material in shear zones that grade into hydro-
thermally altered shear zones and extend beyond the mine
area. The gossans and gossanous shear zones contain
anomalous amounts of gold, silver, 1lead, copper, zinc,
barium, and selenium.

Two gossans west of Wadi Bidah were mapped and sampled in
detail; both gossans are interlayered with siliceous volcanic
rocks. Although the gossan at Jabal Mohr covers a large
area, it contains low amounts of precious and base metals.
The gossan at Mulhal No. 2 contains moderate to high amounts
of gold, silver, copper, lead, and zinc.

INTRODUCTION

The center of the Wadi Bidah district, Kingdom of Saudi
Arabia, is 1located approximately at 1lat 20°30' N., 1long
41°20' E., and the main geographic feature of the district is
a large north-draining wadi (figs. 1-3). The reader is
referred to Kiilsgaard and others (1978) for a description of
the geography of the Wadi Bidah district.

Numerous scientists have studied the Wadi Bidah district,
and a brief chronology of both previous and present investi-
gations is presented below. Impetus for the present study
was the selection of the Wadi Bidah district as one of the
areas to be covered in an airborne electromagnetic survey in

1977. Numerous anomaly areas were delineated during the
survey (fig. 2), and Wynn and Blank (1979) outlined methods
for appraisal of these areas. Subsequent ground electro-

magnetic and self-potential geophysical surveys further
delineated zones of interest in anomaly areas B-13, B-25,
B-26, B-29, and B-24 (Flanigan an( others, 1982, 1982).
Rock-chip sampling indicated isolated and very small copper
and zinc anomalies. Drilling tested the best geophysical and
geochemical anomalies in the B-29 (Rabathan, MODS 02701) and
B-25 and B-26 (Bilajimah, MODS 02703) areas..

During the present investigation of the Wadi Bidah area,
a detailed study was conducted of a gossan named Jabal Mohr
(MODS 02827), which is located approximately 1.75 km south-
east of the Sha'ab at Tare prospect (MODS 00464; fig. 3) and
was discovered by the Riofinex Geological Mission (1979).
During helicopter reconnaissance worgﬂ C. W. Smith discovered
another gossan located 2.5 km southeast of the Mulhal ancient
mine and informally named it Mulhal No. 2 (MODS 02702; fig.
3); detailed geological, geochemical, and geophysical surveys
were later conducted.
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The Mulhal ancient mine (MODS 00466) was restudied with
emphasis on sampling for precious metal content. The ancient
mine was mapped and sampled at a scale of 1:1,000, and a zone
of rock alteration extending 1.8 km north of the ancient mine
was mapped and sampled at a scale of 1:12,500.

Previous investigations

1936

T. P. Larken (1936), Saudi Arabian Mining Syndicate,
examined an ancient mine at Jabal Azhar, which 1is the
distance of a 3-hour northerly walk from the village of Bani
Sar. He also examined and reported)on As Sufer (MODS 01341),
Ria As Sufer (MODS 00161), Bani Sar}(MODS 00034), and Maadan
(Mahawiyah) (MODS 00048).

1957

W. H. MacLean (1957), Saudi Arabian Directorate General
of Mineral Resources (DGMR), visited and briefly reported on
the Wadi Mandaha (MODS 00049) and Maadan ancient workings
near the village of Al Mahawiyah.,

1961-62, 1965-66

A shieldwide airborne magnetometer survey included the
Wadi Bidah district. The survey was completed by a consor-
tium including Aero Service Corporation, Hunting Geology and
Geophysics Limited, Lockwood Survey Limited, and Arabian Geo-
physical and Surveying Company (ARGAS). The U.S. Geological
Survey (USGS) analyzed the data (Hase, 1970).

1963

C. W. Smith and J. H. Kouther, DGMR, conducted a mineral
reconnaissance survey and made a reconnaissance geologic map
of a large part of the Wadi Bidah district. A 1:50,000-scale
map shows the 1location of ancient workings at Mahawiyah,
Khayal al Masna'ah (MODS 01310), Upper Manhal (Umm al Mahel)
(MODS 01311), Rabathan (MODS 00463), Mehaid (MODS 00465), and
Mulhal. All of the mines were cursorily sampled, and assay
results and brief descriptions were given (Smith, 1963a).
Smith and Kouther (Smith, 1963b) also mapped and sampled in
detail the ancient workings at Wadi Mandaha.

The 1:500,000-scale geologic map of the Southern Hijaz
quadrangle (includ1ng the Wadi B1da district) was published
(Brown and others, 1963).

1964

C. W. Smith (1964a), DGMR, mapped the geology of the area
including the Mulhal and Sha'ab at Tare prospects.

6



C. W. Smith (1964b) also made a mineral reconnaissance
survey of the Wadi Bidah district and produced a 1:50,000-
scale map showing locations of the Izhab (Gehab) (MODS 00468)
and Jabal Malas (Mulgatah; MODS 00467) workings, as well as
those of the ancient mines that were located in 1963.

1964-65

R. Goldsmith, USGS, and J. H. Kouther, DGMR, conducted
reconnaissance rock sampling and reported briefly on mines at
Mulgatah, Ria As Saifer (Ria as Sufer), Mehaid, Mulhal, As
Sut, Rabathan, Manhal, Manhal North (MODS 00047), Mandaha
South, Mahawiyah, As Saifer (As Sufer), and Bani Sar. A
mineral resources map showing most of the locations of known
mineral deposits was prepared (Goldsmith, 1971).

1965

W. E. Davis and R. V. Allen (197 ), USGS, conducted mag-
netometer, electromagnetic dip angle, and horizontal coil
surveys at the Mehaid, Mulhal, Asut (As Sut), Mahawiyah,
Mandaha, and Mandaha South workings and at the Kamden
anomaly.

1966

V. A. Trent, USGS, and G. H. Sultan, DGMR, examined and
reported on an airborne magnetic anomaly (Kamden anomaly) in
the southeastern part of the Wadi Bidah district (Trent and
Sultan, 1968).

L. Gonzalez (19%), USGS, panned alluvium samples in the
Rabathan area in a test for gold content.

1966-69

R. L. Earhart and M. M. Mawad (1970), USGS, mapped the
geology of a large part of the Wadi Bidah district at a scale
of 1:50,000 and mapped in detail the geology of the Mulgatah,
Gehab, Sha'ab at Tare, Mulhal, and Rabathan ancient mines.
One hole was drilled at Mulgatah, five at Gehab, three at
Sha'ab at Tare, and eight at Rabathan. .

1967

An Austrian Geological Mission team including K. Metz, V.
Ertl, F. Fehleissen, H. Litscher, and H. Petschnigg studied
the structural geology of the Wadi Bidah-Mahawiyah area and
made small-scale geologic maps of the region (Metz and
others, 1971)



19638

G. H. Allcott (1969), USGS, conducted a geochemical
survey of the Ma'dan (Mahawiyah) ancient mine area and made a
brief report.

A helicopter-borne electromagnetic and magnetic survey by
Sanders Geophysics Company included a narrow zone along the
northern part of Wadi Bidah (Sanders, vnprdiished datal),

1968-69

B. Jackaman (1972), Ph.D. candidate of the Imperial
College of Science and Technology, London, mapped the geology
of Wadi Bidah from the Gehab ancient mine southward to a
region south of the Rabathan workings. He refined the
stratigraphy of the area by using Earhart's classification
(Earhart and Mawad, 1970), made! laboratory studies of
sulfides from drill-core samples, and studied geochemistry of
layered rocks. ‘

1969

H. H. Kazzaz (1969), DGMR, conbucted Turam electromag-
netic surveys at the Sha'ab at Tare and Gehab ancient mines.

1970

V. J. Flanigan, USGS, and H. Merghelani, DGMR, conducted
a Turam electromagnetic survey over the Ma'dan (Mahawiyah)
ancient workings (Flanigan, 1970).

G. H. Allcott (1970), USGS, erlled three holes at the
Ma'dan (Mahawiyah) ancient mine.

L. Gonzalez, USGS, mapped part of the Wadi Shuqub quad-
rangle (sheet 20/41 A) at 1:100,000 scale; this quadrangle
includes the northern two-thirds of' the Wadi Bidah district
(Greene and Gonzalez, 1980).

A. R, Abo-Rashid (1971), DGMR, mapped the geology of an
area east of the village of Al Mahawiyah that includes the
Mahawiyah ancient mine.

1970-71

Jabal Ibrahim guadrangle at 1:100,000 scale. In the same
report, R. G. Worl tabulated various mineral deposits of the
quadrangle, including those of Wadi Bidah. Greenwood classi-
fied the layered rocks of Wadi Bidah as belonging to the
Baish Group.

W. R. Greenwood (1973), USGS, ?{pped the geology of the



1972

T. H. Kiilsgaard and R. J. Roberts, USGS, reexamined the
known sulfide deposits in Wadi Bidah and recommended addi-
tional exploration work. W. R. Greenwood and R. J. Roberts
mapped the geology of the Rabathan mine at 1:500 scale.
Greenwood also mapped in detail the ancient workings at Gehab
and revised the mapping of Earhart and Mawad (1970).

V. J. Flanigan, USGS, and H. H. Kazzaz, DGMR, conducted
self-potential geophysical surveys at the Sha'ab at Tare and
Gehab ancient mines. They also made magnetic and gravity
profiles across the southern end of the Rabathan ancient mine
and an electromagnetic survey over the southern end of the
Gehab deposit.

All of the above work is described in Kiilsgaard and
others (1978).

1973

H. M. Merghelani, DGMR, conducted self-potential and
electromagnetic surveys at Mulgatah (Kiilsgaard and others,
1978). ‘

Two holes were drilled by the USGS at Sha'ab at Tare,

four at Gehab, and six at Rabathan (Kiilsgaard and others,
1978).

R. G. Worl (1978), USGS, made a mineral reconnaissance
study of various deposits in Wadi Bidah.

1973-74

V. J. Flanigan, USGS, and H. Merghelani, DGMR, conducted
self-potential and Turam electromagnetic surveys over the
ancient workings at Umm al Kabath (MODS 01339) (Worl, 197%9).

W. R. Greenwood, R. J. Roberts, T. H. Kiilsgaard, W.
Puffet, and I. M. Naqvi, USGS, summarized the types of
sulfide deposits in Wadi Bidah and commented on their origin
(Greenwood and others, 1974).

1974

One hole was drilled at Mulgatah by the USGS (Kiilsgaard
and others, 1978).

Three holes were drilled at Umm al Khabath by the USGS
(Worl, 197%).



1974-75

Z. Al Koulak (cﬁmL), USGS, mapped the Mahawiyah (Ma'dan)
ancient mine area in detail and conducted a geochemical
survey.

1976

R. J. Roberts and H. R. Blank, USGS, made a field survey
of the sulfide deposits of Wadi Bidah to plan the limits of a
proposed airborne geophysical survey (ARGAS, 1978).

1977

Geoterrex conducted airborne electromagnetic and mag-
netometer surveys in the Wadi Bidah district (ARGAS, 1978).

R. C. Greene, USGS, completed the mapping of the Wadi
Shuqub quadrangle begun by Gonzalez. Greene and Gonzalez
(1980) classified layered rocks in the quadrangle in numer-
ical order from east to west. :
|

|

M. M. Mawad (1980), USGS, made 'a detailed geologic map
and conducted a geochemical survey at the Wadi Mandahah
ancient mine. Three diamond drill holes were completed.

H. M. Merghelani, DGMR, conducted self-potential and
Turam electromagnetic surveys over the the Wadi Mandahah
ancient mine (Mawad, 1980). '

|

1978 i

J. C. Wynn and H. R. Blank (1979), USGS, examined and
classified the geophysical anomalies in Wadi Bidah.

The Riofinex Geological Mission (1979) mapped geology in
the northern part of Wadi Bidah district, discovered a
gossan-bearing base metal deposit at Wadi Leif (MODS 02013),
and drilled two angled holes to test the gossan. It also
made prospect evaluations of Mulgatah, Gehab, Sha'ab at Tare,
Rabathan, and Wadi Leif.

ARGAS (1978) conducted preliminary ground electromagnetic
and self-potential surveys over nine airborne electromagnetic
anomaly areas in the Wadi Bidah district.

made a ground evaluation of a number of airborne electromag-

R. G. Worl and V. J. Flanigan (2{&1 commun., 1978), USGS,
netic anomaly areas.
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1979

ARGAS field crews conducted electromagnetic and self-
potential ground geophysical surveys 1in the Wadi Bidah
airborne electromagnetic anomaly areas B-29, B-13, B-25,
B-26, B-24, and B-35 and in the Khadrah area.

Present investigations

1979

R. G. Worl and J. C. Wynn mapped and sampled in detail an
area that includes the ancient mines at Khadrah (MODS 00991)

in the southeastern part of the Wad1 Bidah district (Worl and

Wynn, WVL' uhCA dal‘a)

V. J. Flanigan acted as the USGS field representative for
geophysical ground surveys conducted by ARGAS in Wadi Bidah.
In addition, he conducted independent ground magnetic surveys
and produced interpretational maps from geophysical data.

C. W. Smith and A. M. Helaby conducted rock-chip sample
geochemical surveys along geophysical survey lines at Wadi
Bidah airborne electromagnetic anomaly areas B-29, B-13,
B-25, B-26, and B-24 (northern end). Smith and Helaby also
mapped the geology of area B-29.

B. C. Waters, consultant for USGS, mapped in detail the
geology of anomaly areas B-25 and B-26 (Bilajimah) and B-13.

1979-80

The USGS drilled three holes at anomaly area B-29 and two
holes at anomaly areas B-25 and B-26.

1980

T. H. Kiilsgaard (198%) mapped and sampled in detail
anomaly area B-35 in the southeastern part of Wadi Bidah.

C. W. Smith and M. Naqvi mapped and sampled in detail the
Jabal Mohr gossan (MODS 02827) and the Mulhal No. 2 gossan
(MODS 02702) and remapped and sampled the Mulhal ancient
mine. Smith also mapped and sampled a hydrothermally altered
zone extending north from the Mulhal ancient mine.

V. J. Flanigan and C. L. Tippens conducted postdrilling
geophysical surveys at anomaly area B-29, Both electromag-
netic and self-potential methods were used. Similar surveys
were conducted at the Jabal Mohr gossan (Flanigan and others,
1981).

V. J. Flanigan, C. W. Smith, and H. Sadek made reconnais-
sance studies of anomaly areas B-44A, B-45, B-42A, and B-37.
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ARGAS crews conducted ground electromagnetic and self-
potential surveys in anomaly areas B-44A, B-45, B-42A, and
B-37 and at Mulhal No. 2. They conducted induced potential
surveys at anomaly areas B-25, B-26, B-44, and B-45 and at
Khadrah,

M. Nagqvi and Mir Amjed Hussein sampled and mapped anomaly
areas B-44A and B-42A. These areas are about 10 km west of
the At Taif-Bisha highway and were the final areas to be
studied in the ground-followup phase..

STRATIGRAPHY AND STRUCTURE OF THE WADI BIDAH DISTRICT

Stratigraphy

Previous studies

The first attempt to define the stratigraphy of the
layered rocks in the Wadi Bidah district was by Earhart and
Mawad (1970), who classified the basalt-andesite assemblage
on the eastern side of the wadi as "Older Volcanic Rocks,"
all layered rocks in the wadi bottom as "Metasedimentary
Rocks," and the generally felsic ajfemblage on the western
side of the wadi as "Younger Volcani¢ Rocks." They proposed
a north-trending anticlinal axis about 2 km east of the wadi;
according to this interpretation, unless complicated by
faulting, the lavered rocks are progressively younger toward
the west. Jackam~n (1972) mapped approximately the same area
as Earhart and ‘‘awad and closely agreed with their strati-
graphic successi na. He maintained more or less the same
stratigraphic di isions, naming them the Sharq, Bidah, and
Gharb Groups, respective to the dibisions of Earhart and
Mawad. According to Jackaman's strbtigraphy also, younger
layered rocks are to the west. ‘

In 1978, geoiogists of the Riofinex Geological Mission
(1979) mapped mostly in the northern part of Wadi Bidah,
their work being concentrated on the western slopes of the
wadi. They postulated an anticlinorium having north-trending
axes lying west of the ancient mines at Mulhal and Gehab,; the
core of the anticlinorium was intruded by small granitic
plutons. Consequently, according to their theory, layered
rocks become progressively younger to the east, This rela-
tionship is in agreement with our experience that layered
rocks in the region generally dip steeply east.

quadrangle, which includes the southern part of the Wadi
Bidah district, and classified all f the layered rocks in
Wadi Bidah as belonging to the Bais& Group, this assignment
makes the rocks of Wadi Bidah among the oldest layered rocks
in the Arabian Shield. Kiilsgaard and others (1978) main-
tained this <classification. The Wadi Shuqub quadrangle,

W. R. Greenwood (1975), USGS, mjpped the Jabal Ibraham
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which includes the northern part of the Wadi Bidah district,
was mapped by Greene and Gonzalez (1980), who did not assign
the 1layered rocks to any group and stated "the true
stratigraphic order of the units, however, is uncertain."

Table 1 (following) is taken in entirety from the report
of the Riofinex Geological Mission (1979) and succinctly
presents the stratigraphic succession according to five
independent studies.

Table 1.--Stratigraphic nomenclature of Proterozoic meta-
volcanic and metasedimentary rocks, Wadi Bidah district

Earhart and Jackaman Greenwood ,(1975); Riofinex
Mawad (1970) (1972) Kiilsgaard and (1979)
others (1978)

Younger Volcanic Gharb Group Baish Group Sharq group
Rocks

Metasedimentary Bidah Group Baish Group Bidah group
Rocks

Older Volcanic Sharq Group Baish Group Gharb group
Rocks

Presert studies

The stratigraphic succes ion in the Wadi Bidah district
is very difficult to deter.ine because isoclinal folding,

shearing, and metamorphism have destroyed many of the origi-

nal rock textures. In most cases, therefore, whatever
evidence is gathered concerning successive layering must
necessarily be of the indirect type. However, Waters

suggests in the present report that section tops are to the
west, on the basis of direct evidence from mapping in the
B-13 area. The senior author closely examined the 1lower
shale unit mapped by Waters in the B-13 area. This unit is
finely laminated and is one of the best exposures of bedding
in Wadi Bidah. Truncated crossbedding .within the shale
indicates that the top of the section is toward the west in
this particular area. Detailed mapping (plate 1) by the
senior author in the B-29 (Rabathan) area gave no direct
evidence concerning stratigraphic succession., Only the east
to west progression of volcanic layered rocks from mafic to
silicic indicates that stratigraphic tops are probably toward
the west in this area. Waters' detailed map of the B-25 and
B-26 (Bilajimah) areas shows a broad syncline that has an
amplitude of about 250 m; this syncline is clearly marked by
the exten51ve1y layered gossan. However, the
senior author's detailed mapping of the Jabal Mohr and Mulhal
No. 2 gossans to the north (fig. 3) indicates tight isoclinal
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folding and extensive shearing. Detailed mapping at the
Mulhal ancient mine (fig. 3) indicates highly sheared,
siliceous volcanic rocks that generally dip steeply east.

Such evidence gives very little assurance that observa-
tions in one place may pertain to all of the region.
However, most evidence suggests that the layered rocks become
younger toward the west. Greenwood (1975) mapped a syncline
west of the town of Al Bahah in which Bahah group metasedi-
mentary rocks overlie Baish group volcanic rocks. On the
basis of this evidence, he placed Bahah group rocks strati-
graphically above Baish group rocks. This relationship
agrees with the hypothesis that progressively younger layered
rocks crop out in a westerly direction because the majority
of Bahah group rocks crop out west of the Wadi Bidah district
and are in contact with Baish group rocks (Greenwood, 1975).

Because the present study entailed detailed mapping of
small, widely dispersed areas, no, attempt was made to
correlate layered rocks from one area to another, except in
areas B-29 (Rabathan) and B-13 (fig., 3). In these areas,
layered rock units, especially a very distinctive 1lapilli
tuff bearing stubby pyroxene crystals, may be traced along
Wadi Bidah for a distance of more than 4 km. The lapilli tuff
was also noted just west of the At Taif-Abha highway, near
the USGS camp and approximately 2 km northwest of anomaly
areas B-42A and B-44A (fig. 2). Another marker horizon in
the district is a hematitic chert layer, the northern end of
which is in the Rabathan area (plate 1, fig. 3); this chert
layer extends far to the south of the index map area. This
unit may correlate with other mapped tchert units west of Wadi
Bidah (Greenwood, 1975), but such a relationship is tenuous
at best. Much more traversing and mapping in directions
normal to the north-trending fold axes in the area are needed
to truly understand the general stratigraphic sequence in the
region.

Structure

Isoclinal folding about north-trending axes is typical of
the general area.. In many places in the district, especially
in the Wadi Bidah valley bottom, folding has progressed to
such an extent that +the rocks have sheared. Graphitic
schists are the loci of shear zones in most places along the
valley bottom. These shear zones are extensive and many
indicate right-lateral movement. Some are as wide as 20 m;
most are vertical or subvertical. The shear zones are distin-
guished by their weathering and erosifnal characteristics and
commonly form topographic saddles underlain by soil consist-
ing of iron-stained sericite and clay. Rocks in the Wadi
Bidah valley bottom range in competency from massive dolomite
to graphitic schist, and shearing has occurred in all except
the most competent rocks. Ordinarily the dolomite lenses are
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boudinized. Detailed mapping shows that the folding 1is
complex and that the rocks have been refolded by varying
directional stress components.

Smith does not agree with Waters' model (presented here-
in) of the Wadi Bidah valley bottom in which he depicts sedi-
mentary rocks folded into a syncline, Smith's most
important objection is that the layered rocks do not cor-
relate from limb to limb. A very distinctive and easily iden-
tifiable layer of pyroxene-bearing crystal tuffaceous rock
extends along the western side of the valley where Waters
mapped. In Water's cross sections he depicts a facies change
between the western and eastern sides of the wadi, in which
pyroxene tuff interfingers with andesite-dacite flow rocks.
The pyroxene tuff is widespread in extent and it would be
coincidental if this facies change did take place along the
valley bottom. Smith's mapping in the valley bottom indicates
extremely tight isoclinal folding and shearing with no
recognizable repetition of layered rocks either east or west.

A general comparison of rock types between areas B-29 and
B-13 shows a lateral facies change from fine-grained tuffa-
ceous rocks in the B-29 area to more shaly rocks in the B-13
area. The simplified stratigraphic sections in table 2 are
used to compare two authors' lithologic interpretations.

Table 2.--Simplified stratigraphic sections for two mapped
areas in the Wadi Bidah valley bottom

B-29 area B-13 area

Gharb Pyroxene crystal tuff
group

Dolomite Silty limestone
Bidah Cherty iron-manganese Cherty iron-manganese
group formation rocks

Calcareous quartz schist
Sharqg Basaltic and andesitic Pyroxene crystal tuff
group flow rocks, tuffs, Lower shale

and breccias Lower andesite

Structural details of the Wadi Bidah district have been
described by many authors and will not be repeated here.

B-29 ANOMALY AREA, RABATHAN

The B-29 anomaly area, which 1includes the Rabathan
ancient mine, is a 1long, slender, north-trending belt of
rocks that lies along the Wadi Bidah valley (plate 1). The
eastern side of the valley is very steep, and in many places
valley walls are nearly vertical where more massive rocks of
the basalt-andesite assemblage form fault scarps. Slopes on
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the western side of the valley are more gradual, except at
the southern end of the valley. The Wadi Bidah riverbed and
alluvium and colluvium cover nearly half of the surface area.

Layered rocks

Sharq group

Basaltic and andesitic flow rocks, tuffs, and
breccias.--Basaltic and andesitic flow rocks, tuffs, and
breccias are thought to be the oldest layered rocks in the
mapped area (plate 1). They crop out on the eastern side of
the valley and are in faulted contact with the
metasedimentary-metavolcanic rocks to the west. They are
composed partly of amygdaloidal flow rocks and also include
thick sections of pyroclastic rocks ranging from tuff to
breccia. They are more massive and less foliated than the
adjacent layered rocks to the west, Because they do not
contain sulfide deposits, they were not studied in detail.

Bidah group

Cal careous quartz schist.--Gray-green, fine-grained
calcareous quartz schist crops out pver much of the valley
floor in the area (plate 1). This unit was named by Kiils-
gaard and others (1978) during their detailed work at the
Rabathan ancient mine area. The origin of these rocks is
difficult to determine. Locally they have thin carbonaceous
seams, fine-grained quartz aligned with foliation, and
perhaps layering. They also show faint feldspar relicts in
some places. These rocks probably represent subaerial ash-
fall tuffs that locally grade into mudstone and are inter-
layered with dolomite, carbonaceous layers, cherty iron-
manganese formations, and gossans.

Carbonaceous-tuffaceous schist.--The carbonaceous-
tuffaceous schist unit is difficult to recognize in outcrop
and most certainly underlies more of the mapped area than is
shown (plate 1). The schist weathers to sericite and clay
and is iron stained and moderately friable. Fresh rock
displays alternating thin layers, 2-4 mm .thick, of cream-
colored siliceous tuff and carbonaceous material. Within the
tuff, pyrite is ordinarily aligned along the layers. These
schists form topographic saddles in many places in the wadi
valley and probably grade into the easily recognizable carbo-
naceous schist unit.

Cherty iron-manganese formation.t-Ferruginous and manga-
niferous cherts occur as lenticular-shaped layers within the
. |
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cal careous quartz schist and, in many places, are adjacent to
dolomitic lenses (plate 1). They were mapped on the basis of
their contrasting texture and color, as compared with the
enclosing rocks. Some lenses grade into carbonaceous schist
or pure gray layered chert. The cherts are predominantly
siliceous and locally contain pockets of goethite and jaros-
ite or manganese oxide. Hematite is pervasive throughout
much of the rock. The cherty lenses have been fragmented
enough in some areas to allow the deposition of stockworklike
systems of milky quartz stringers. The cherts are dark gray
and have a slightly brecciated appearance on fresh surfaces.
They have a dark-brown to black, shiny luster on weathered
surfaces. They contain thin contorted wisps of carbonaceous
material and pyrite, which varies in form from very fine dis-
seminations to fracture fillings to patches as much as 2 cm
in diameter. The manganiferous pods at the surface are dark
gray to black, massive, friable, and earthy. The manganifer-

ous mineral was determined to be mostly pyrolusite (MnO2)-.

Throughout the length of the mapped area, the cherty
lenses are found within the calcareous quartz schist. Indi-
vidual lenses are as long as 200 m and ordinarily are from 10
to 20 m wide. A hematitic chert layer extending along the
western side of the area from 900 N to 2300 N (plate 1) is
included within this unit in the mapped area. This layer
very closely resembles a chert layer that extends to the
south for many kilometers (fig. 3) and is probably a differ-
ent chert horizon from those previously described. In con-
trast to the cherty iron-manganese lenses, this chert layer
stands in bold relief and appears to be more or less contin-
uous. On weathered surfaces it is medium brown. It has a
slightly brecciated appearance in most places; in some areas
it is cut by milky quartz veins, and it probably has an aver-
age thickness of 15 m.

Gossan.--Outcrops of gossan are small and usually have
unclear stratigraphic positions. In the well-documented case
of the Rabathan ancient mine, the gossan and underlying sul-
fides are between dolomite or calcareous rock and
carbonaceous~-tuffaceous schist. The sulfide lens intersected
by drill hole R-2 (plate 1) is enclosed by siliceous, limey,
and chloritic pyroclastic rocks and by siliceous carbonate
rocks, as described by Earhart and Mawad (1970). These rocks
correspond to the calcareous quartz schist, as defined in the
present report, and do not appear to be associated with
either cherty or dolomitic layers. Drill hole R-3 (near 5100
N, plate 1) undercut a typical cherty iron-manganese layer
and, on a steeply east dipping projection, intersected 4.3 m
of. massive to richly disseminated base metal-bearing
sulfides. These relationships suggest that somewhere between
the surface and the drill hole intersection the cherty iron-
manganese formation grades into massive sulfides. In surface
mapping of an area adjacent to the East fault, a facies
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change was noted between 5100 N and 6100 N (plate 1), and, at
several localities within this area, cherty iron-manganese
rocks grade laterally into goethite-hematite gossans. These
gossans are only a few meters long and very narrow and were
not mapped on plate 1. At 500 N, 200 W, a gossan at the
contact between calcareous quartz schist and graywacke is as
thick as 2 m, siliceous, and massive and contains no visible
copper staining. This gossan disappears under alluvium to
the north and pinches out to the south, although other pods
were mapped on strike several hundred meters to the south.
The gossan, which is undoubtedly the weathering product of
sulfides, is positioned in an almost totally different
environment from those just described.

Results of mapping show that most gossans and related
sulfides are not confined to any specific stratigraphic
horizon within the Rabathan area, although they are generally
located in calcareous quartz schist. In the stratigraphic
column on plate 1, the gossan unit has been placed between
the cherty iron-manganese formation and a buff-colored
dolomite because the majority of lenses were found in that
position.

Dolomite.--Buff-colored dolomite lenses were found within
the calcareous quartz schist in close association with cherty
iron-manganese rocks and carbonaceous schist (plate 1). In
general, the dolomite is massive and forms ridges. Individ-
ual dolomite .l1enses are less than 40 m wide and from 2 to
300 m long. The dolomite is not bedded, and on many fresh
surfaces bright-green chlorite resembles malachite. In
places, contacts between the dolomite and graphitic material
are gradational; isolated dolomite lenses are a few centi-
meters long and gradually increase in size toward a dolomite
outcrop. Jackaman (1972) stated that the dolomite contains
phosphate in varying amounts.

Calcareous quartz schist is commonly replaced by dolomite
for several centimeters along both sides of fractures, a fact
which suggests that at least part of the unit was deposited
by metasomatic processes. These fractures generally cross
the dolomite, and replacement has occurred where the frac-
tures extend into the schistose rocks. The metasomatism may
represent a local form of diagenesis in which some of the
dolomite has been remobilized and reprecipitated along
fractures.

generally crop out west of the cherty iron-manganese lenses
and dolomite, they may be higher in the stratigraphic section
but still lie within the calcareous quartz schist unit (plate
1). The schist lenses are easily recognizable in outcrop,
being dark gray, black, or brown. ‘Some of the lenses are
composed of nearly pure carbon, and the lenses may also have

Carbonaceous schist.--Although cigbonaceous schist lenses
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gradational contacts with the calcareous quartz schist.
Although the lenses are usually only a few meters wide and
vertical, in the northern part of the map area they extend
for long distances.

Graywacke.--The graywacke consists of 1lithic fragments
cemented by fine sericite and clay (plate 1). It is poorly
sorted and grades from very fine grained, barely visible
individual grains to coarse-grained angular fragments as much
as 2 mm in diameter. Individual grains consist mainly of
quartz and plagioclase. The mafic minerals have been
completely altered to epidote or chlorite, and in many places
the graywacke has been mapped on the basis of high epidote
content. Because the graywacke is less schistose than the
cal careous quartz schist and weathers to more massive forms,
it is distinguishable in many places on aerial photographs.
In much of the area, lenses of graywacke are as thick as
160 m and are enclosed by calcareous quartz schist. However,
because the graywacke also crops out in contact with dacitic
lapilli tuff and dacitic pyroclastic breccia, it has been
shown separately in the stratigraphic column.

There is no evidence that the graywacke is comprised of
poorly sorted volcanic fragments deposited by stream action
into a rapidly subsiding basin. Instead, the graywacke may
have been deposited as lithic ash or tuff, and, in some
places, especially on the west bank of Wadi Bidah, it exhib-
its a general westward increase in fragment size. Regardless
of origin, the unit contains rocks of volcanic derivation
closely related to most other layered rocks in the area.

Gharb group

Dacitic lapilli tuff.--The dacitic lapilli tuff is gray
green on weathered surfaces and characteristically contains
black pyroxene crystals as long as 1 cm (plate 1). It is
very schistose and in places contains pink orthoclase crys-
tals. The matrix of the tuff displays little structure and
is composed mainly of platelets of chlorite and sericite. The
unit is as thick as 50 m and may grade into dacitic pyro-
clastic breccia, these two units having been separated mainly
on the basis of clast size. The tuff is definitely of pyro-
clastic origin and is a very good marker bed.

Dacitic pyroclastic breccia or tuff lava.--The dacitic
pyroclastic breccia contains angular fragments as 1long as
30 cm and from 10 to 15 cm thick (plate 1). In some places
the fragments are clearly distinguishable from the matrix
because of their lighter gray color. Both fragments and
matrix contain stubby black pyroxene crystals. The matrix of
the dacitic pyroclastic breccia contains sporadically abun-
dant pink orthoclase crystals, consists mainly of chlorite,
quartz, and sericite, and is practically featureless. The
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unit includes a few +thin, discontinuous flows of pillow
basalt. The dacitic breccia is clearly of pyroclastic origin
and its average thickness is nearly 40 m.

Amygdaloidal andesite and basalt.--Amygdaloidal andesite
and basalt were mapped only in the northwestern corner of the
area (plate 1). The rocks are dark green, massive, and prob-
ably flow banded and contrast sharply with adjacent layered
rocks. Pillow basalts occur locally within this unit.

Intrusive rocks

Syntectonic quartz diorite-microdiorite crops out on both
sides of the valley in elongate belts parallel to schistosity
and layering (plate 1). On the western side of the Wadi
Bidah valley, the diorite contains' large areas of chilled
margins. In its interior, away from the chilled margins, the
rock is a medium-grained hornblende quartz diorite.

Structure

The eastern side of the Wadi Bidah valley is bounded by a
major fault zone named the East fault by Earhart and Mawad
(1970) (plate 1). The eastern wall of the valley is a fault
scarp along which basalt and andesite flow rocks and tuffs
are relatively free of foliation and shearing. Because the
fault offsets no marker horizons, neither horizontal nor
vertical displacement can be measured. However, wide zones
extending out from the fault have been affected by drag fold-
ing. In some areas displacement along numerous faulted seg-
ments has left isolated wedges of dolomite and calcareous
quartz schist within basaltic and andesitic flow rocks and
tuffs. Fracturing appears to have occurred mostly in
carbonaceous-tuffaceous schist west of the fault, the <car-
bonaceous seams having acted as lubricants.

Related faulting may be found in other parts of the
valley. From 5100 N to 6300 N, a major shear zone centered
on carbonaceous-tuffaceous schist is in contact with gray-
wacke (plate 1). This shear 2zone, which is 20 m wide in
drill hole RAB-2, can be traced for long .distances at the
surface and is wundoubtedly directly related to the East
fault. Probably much of the Wadi Bidah riverbed is the locus
of a fault plane, as suggested by Jackaman (1972). Rocks
west of the wadi strike into the riverbed at a low angle and
then appear to be faulted out.

Layered rocks have been isoclinally folded and sheared to
such an extent that their stratigraéhic position within the
B-29 area can only be generally ascertained. Buff dolomite,
chert, and graphitic schist are repeated on both eastern and
western walls of the wadi valley in the southern part of the
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mapped area, but it is not known if these rocks are exposures
of the same formation or only segments of similar formations.
In general, layered rocks are not repeated from east to west

across the valley. Instead, they show an east to west
progression from massive andesites and basalts through a meta-
sedimentary series to siliceous pyroclastic rocks. All

contacts are nearly vertical, and the only repeated layer is
a thin andesite-basalt 1layer in contact with siliceous
volcanic ejecta in the extreme northwestern part of the map
area. There is no evidence to suggest that this thin
andesite-basalt 1layer is stratigraphically related to the
thick andesite-basalt sections on the eastern side of the
Wadi Bidah valley. .

Detailed geology of four areas within the B-29 anomaly area

Four areas within the B-29 anomaly area were mapped at
1:1,000 scale to provide more detail concerning the geology
and structure of the region. Three of the areas include
drill holes RAB-1, -2, and -3, and a fourth includes the area
between 6050 N to 6350 N, from 350 E to 400 E (plates 1 and
2).

Geology of the area surrounding drill hole RAB-1

Most of the area surrounding drill hole RAB-1 is covered
by a thin veneer of alluvium and colluvium, and in general
only cherty iron-manganese and dolomite crop out (plate 2).
From north to south the cherty iron-manganese unit grades
from banded gray chert to siliceous hematite-bearing zones
containing local pockets of goethite and jarosite, some of
which are cellular boxworks containing cubic voids after
pyrite, Buff-brown, streaky dolomite is in contact with the
cherty unit. A fine-grained, calcareous, chloritized quartz
schist west of the chert unit is seen in drill core to be a
green mudstone interbedded with thin layers of green chert.
East of the largest cherty outcrop, rocks exposed on the
surface are intensely weathered and iron stained; weathering
products include sericite and clay. Fresh drill core beneath
these rocks consists of alternating thin bands of gray tuff
and carbonaceous rock (plate 2); cubic pyrite aligned along
folia is distributed throughout.

All of the units have been folded several times and
therefore are now intensely folded. Layering and fold axes
dip easterly and plunge north-northeasterly. The drill-hole
area may center on a tight isoclinal synclinal fold. Shear-
ing is widespread in the general area and is distinguished
mainly by the presence of milky quartz veinlets in stock-
works. Several fault breccias were intersected in the drill
hole (plate 2).

Because of the intense folding and shearing, surface
geology and drill-core results could be correlated only very
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generally. The cherty iron-manganese layer mapped at the
surface was not intersected by the drill hole; a sharp syn-
clinal fold may be present (plate 2).

Geology of the area surrounding drill hole RAB-2

The area around drill hole RAB-2 is distinguished by
nearly vertical north-trending chert horizons that have been
unaffected by small-scale folding (plate 2); most chert hori-
zons are gray, some are green. Fine-grained mudstones range
from gray to greenish gray. The mudstones and cherts very
much resemble those intersected in drill hole RAB-1. Because
of their fine-grained nature, the mudstones are generally
difficult to distinguish in surface mapping; they weather to
a fine-grained rock bearing chlorite and sericite and are
very similar to calcareous quartz schist.

The shear zone intersected by drill hole RAB-2 is com-
posed of 80 percent or more carbonaceous material, and small-
scale folding is prevalent throughout the zone (plate 2). At
the surface, the 2zone is an erosional trough formed by
differential weathering. Although most of the sheared rock
is covered by alluvium, iron-sericite-clay alteration
obscures its carbonaceous nature where it is exposed. Drag
folding on both sides of the shear zone indicates that both
the east and west sides of the fault moved south relative to
the shear zone. To the west the shear 2zone is in contact
with an epidotized, massive graywacke.

Geology of the area surrounding drill hole RAB-3

In the area around drill hole RAB-3, a north-trending
ridge is underlain by carbonaceous-~tuffaceous schist, buff
dolomite, cherty iron-manganese formation, and a calcareous
quartz schist that weathers light green (plate 2). Surface
exposures of the carbonaceous-tuffaceous schist are difficult
to identify because much of the rock weathers to a fine-
grained gray-green schist that is indistinguishable from the
cal careous quartz schist. Layering was not observed in
surface exposures of this rock. Massive dolomite lenses in
the area are typical of dolomite lenses found elsewhere in
the valley. On fresh dolomite surfaces a fine network of
bright-green chlorite resembles malachite. Contacts between
dolomite and carbonaceous-tuffaceous schist are gradational
in many places, The cherty iron-manganese rocks range from
typical brown- to black-weathering leéenses on the western side
of the ridge to gray, banded, pure cherts on the southeastern
side. '

Rocks within the map area ar tightly and complexly
folded. Two very sharp and nearly contiguous north-trending
anticlines were mapped (plate 2). In.places at the southern
end of the ridge, the structure is well exposed. In these
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areas, cherts are both complexly folded about flat-lying,
north-trending axes and folded in another plane having nearly
vertical axes, as illustrated by the sinuous nature of cherty
iron-manganese outcrops. Two shear couples were necessary

for such folding to have occurred: one in a west-trending
vertical plane and the other in a north-trending horizontal
plane. The structure in this area is typical of that

throughout Wadi Bidah, in that rocks have been affected by
more than one stage of folding.

Geology of the area between lines 6100 N and 6300 N

This area between lines 6100 N and 6300 N (plate 2) is
underlain by calcareous-quartz schist, cherty iron-manganese
formation, and buff dolomite. These rocks are similar to
those in other areas mapped in detail, except that the cherty
iron-manganese formation contains more hematite and goethite
than do most such rocks in the area.

The predominant structure is a tight anticlinal fold that
was mapped at the northern end of a long north-trending ridge
(plate 2). Other folding shown on plate 2 indicates the
complexity of the folding about north-trending axes, a com-
plexity typical of layered rocks in the Wadi Bidah valley
bottom. Wide north-trending shear zones are both east and
west of the anticlinal ridge (the western shear zone is not
shown on plate 2). Relatively closely spaced north-trending
shears are typical of the structure in much of Wadi Bidah,
and folding about nearly vertical axes is also common.

Geochemical studies in the B-29 anomaly area

Cherty iron-manganese formation

Detailed mapping and sampling of the cherty iron-
manganese formation were conducted to examine the possibility
that this formation grades laterally into sulfide deposits
containing base and precious metals. Earhart and Mawad
(1970) had previously shown that in at least one place in the
Rabathan area there is a direct spatial relationship between
cherty iron-manganese rocks and massive sSulfides. Their
drill hole R-3 intersected a massive base metal-pyrite lens
some 60 m directly below a cherty iron-manganese outcrop that
is indistinguishable by either geochemistry or appearance
from other such outcrops.

Throughout the world numerous massive sulfide deposits
grade laterally into or are overlain by cherty formations.
These formations may be pyritic cherts, laminated pyrite-
bearing siliceous sediments, ferruginous cherty sediments,
jasper, banded iron formation, or cherty iron-manganese
formation. The cherty formations are thought to be chemical
precipitants formed during the exhalative phase of volcanic
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activity. 1In Japan, Tertiary sulfide deposits are associated
with iron-manganese cherts, some of which have been mined for
their manganese content (Imai, 1978). In the Spanish-
Portugese pyrite belt, purple-red tuffaceous shales are
interbedded with ferruginous jasper lenses and with primary
manganese silicates and (or) carbonates, and Strauss and
others (1970, p. 69) stated that "the manganese formation is
mostly later than the sulfide facies. Laterally it may
replace the sulfide facies or even precede it."

Geochemical sample locations are shown on plate 1, and
gold, silver, copper, lead, and zinc values, as determined by
atomic absorption methods, are given in table 3. Copper
values were as high as 300 ppm and zinc values were as high
as 200 ppm. The highest silver value was 4.8 ppm, the high-
est gold 0.12 ppm. Semiquantitative spectrographic methods
determined only trace amounts of 30 other elements (table 3).

Although the results of this sampling program are incon-
clusive, the mapping of the cherty iron-manganese formation
shows that in places these cherty lenses grade laterally into
true hematite-goethite gossans, if only on a very small
scale.

Detailed rock geochemistry

The bedrock in the B-29 Rabathan area was sampled along a
geophysical grid having stations at 25-m intervals. Sample-
line intervals were 200 m, except 1in areas of special
interest, where they were 100 m (plate 1).

Copper values have been contoured at 50, 100, 200, and
300 ppm intervals, and the copper distribution map of the
B-29 Rabathan area (plate 1) indicates very spotty, moderate
copper values. Known copper deposits such as the Rabathan
prospect have very small primary geochemical dispersion
zones, and hydrothermal alteration is noticeably limited in
the area. The highest copper values were obtained from
ancient- workings where copper is visible, and most of the
moderate values correlate with cherty iron-manganese or
carbonaceous rocks. A gossan at 500 N, 200 W (plate 1),
contained 3,500 ppm copper. It contained no secondary copper
minerals, and primary dispersion of copper or zinc was almost
totally absent. Scattered one-sample anomalies are errati-
cally distributed throughout the area sampled and in places
are projected between sample lines, a distance of 200 m.
Only more detailed sampling between lines could ascertain the
accuracy of these projections.

Zinc values have been contoured at 50, 100, 200, and
300 ppm intervals on plate 1. The zinc response is less than
that of copper; only a few moderate, one-sample anomalies are
in the Rabathan area, and these do not appear to represent
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Table 3.--Semiquantitative spectrographic and atomic absorption assay values for
samples from cherty iron-manganese formations, B-29 anomaly area, Wadi Bidah

[Results in parts per million unless otherwise indicated. S indicates semiquanti-
tative spectrographic assay; AA indicates atomic absorption assay. G indicates
element found in greater amount than value given; N indicates element not detected
at value given; L indicates element detected but in amount less than value given.
For atomic absorption assays, T following element indicates sample preparation
included total digestion of sample, P indicates partial digestion of sample]

SANPLE  S-FE X S-#6 2 S-CA 1 s-Tr 2 S-H S-46 S-AS S-al S-B S-BA

141444 15,0000 0.1500 3,0000 0.1500 5000.00006  0.5000N 200,0000  10.0000N 10.0000L 70,0000
141447 15,0000 0.2000 3,0000 0,0500 5000,0000 0.5000N 200,0000L 10,0000  10.0000L  70.0000
141448 15,0000 0,3000 3,0000 0.0700 5000,00006  0.5000N 700,0000  10.0000N  10.0000L 150.0000
141449 15,0000 0.3000 3,0000 0,1500 5000,00006  0.5000N 700.0000 10,0000 15.0000  30.0000
141450 15,0000 1,5000 35,0000 0,1500 5000.00006  0.5000M 200,0000N 10,0000  10,0000L 150.0000

141451 7,0000 2.,0000 7,0000 0,3000 5000.00006  0.5000M 200.0000N 10.0000N 100.0000 150.0000
141452 15,0000 0,7000 3.0000 0.1500 5000.00006  0.5000N 200.0000N  10.0000N  10.0000L 500.0000
141433 15,0000 0.1000 1,5000 0.0700 5000.00006  0.5000N 200.0000N 10.0000N  10,0000L 150.0000
141454 15,0000 0.1500 3,0000 0,0700 5000,00006  0.5000N 200.0000N  10,00008 10,0000L 100.0000
1414468 7,0000 0.7000 7.0000 0.1500 5000.00006  0.5000N 200.0000N 10.0000N 10,0000  150.0000

141470 7.0000 1,0000 0,7000 0.3000 5000,00006  0.50008 200.0000N 10,0000 10,0000  150.0000
141471 7,0000 1,5000 0.2000 0,3000 1500,0000 0,5000N 200.0000N 10,0000N 10,0000 20,0000
141472 15,0000 1,5000 1,.5000 0,3000 5000.00006  0.5000N 200.0000M 10,0000 10,0000  70.0000
141473 15,0000 1,5000 1,5000 0.1500 5000.00006  0.5000N 200.0000N 10.0000N 10.0000L 150.0000
141490 20,00006  0.5000 3.0000 0.1500 5000.00006  0.5000N 200.00008 10,0000 10,0000L 150,0000

141491 15,0000 +7000 7.0000 0,0300 5000.00006  0.5000N 200.0000 10,0000N  10,0000L 150.0000
141492 10,0000 0.7000 1,5000 0.1500 5000,00006  0.5000N 200,0000N  10,0000N  10.0000L 300.0000
141493 15,0000 1.5000 3.0000 0.1500 5000,00006  0.5000N 200.00008 10,0000 10,0000  70.0000
141494 7,0000 3,0000 7,0000 0.3000 5000.00006  0,5000N 200.0000N 10.0000N  10,0000L  70.0000
141495 20,0000 1.,0000 0.7000 0.1500 5000.00006  0.5000N 200,0000N 10,0000N 10,0000L 30,0000

141496 20.00006  1.5000 1,5000 0.1500 5000.00006  0,5000N 200,00008  10,0000N  10.0000L  20.0000N
141497 20,0000 0,5000 2,0000 0.1500 5000.00006  0.5000N 200.0000N 10.0000N 10,0000  100.0000
141498 15,0000 0,7000 3.0000 0.0300 5000.00006  0.,5000N 200.0000N 10,0000N 10,0000L  20.0000L
141499 7+0000 03000 53,0000 0.1500 S5000,00006  0.5000N 200,00000  10,0000N 20,0000  200.0000
141501 15,0000 0.3000 7,0000 0,0500 5000,00006  0,5000M 200.,00004 10,0000N 10,0000  300.,0000

141502 20,0000 0.5000 2,0000 0.0500 1000,0000 0.5000N 200,0000N 10,0000N 10.0000L  20.0000L
141503 15,0000 0.7000 3,0000 0.1000 5000.00006  0.5000N 200,00008 10.0000N 10,0000L  30.0000
141504 20,0000 1,5000 0.3000 0.1500 5000,00006  0,5000N 200,0000N 10,0000N 10,0000L 20,0000
141505 20,0000 0,7000 3,0000 0.1000 5000,00006  0.5000N 200,0000N 10.0000N  10.0000L 300.0000
141506 7,0000 5:0000 7.0000 1,00006 5000.00006  0.5000N 200.0000N 10,0000N 10.0000L 70,0000

141507 15,0000 2,0000 2,0000 0.3000 5000.00006  0.5000M 200.00008 10.0000N 10.0000L  20.0000L
141508 10,0000 0,2000 7.0000 0.0500 S5000,00006  0.5000N 200,0000N 10.0000N 10.0000L 20,0000
141509 15,0000 0, 3000 3.0000 0.0700 5000.00006  0.5000N 200.0000N  10,0000N 10.0000 20,0000
141510 20,0000 0,2000 3,0000 0.0500 5000.00006  0.5000N 200,00000  10,0000N 10.0000L  50.0000
141512 20,00006  0.3000 0.7000 0.1000 50000000 0,5000N 200,0000N 10.0000N 10,0000 20,0000

141513 15,0000 0.2000 0.0500,  0,0500 5000.00006  0.5000N 200.0000N 10.0000N 10,0000  100.0000
141515 20,00006  0,0500 1,0000 0,0700 5000,00006  0,5000N 200.0000M 10.0000N  10.0000L 150.0000
141516 20,00006  0,5000 2,0000 0,1500 5000,00006  0.5000N 200,0000N 10.0000N  10.0000L 20,0000
141517 20,0000 0.2000 2,0000 0,0700 5000,00006  0.5000M 200,0000N 10.0000N 10,0000  200.0000
141518 20,00006  0.1000 3,0000 0,3000 5000.00006  0.5000N 500.,0000  10,0000N 10,0000  20.0000

141519 7,0000 0,7000 1,0000 0,1000 5000.00006  0.5000M 200.0000N 10.0000N 10.0000L  20.0000L
141520 20,00006  3.0000 35,0000 0.3000 5000.00006  0.5000N 200,0000M  10,0000M  10.0000L  20,0000L
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Table 3.--Semiquantitative spectrographic and atomic absorption assay values for
samples from cherty iron-manganese formations, B-29 anomaly area, Wadi
Bidah-Continued

SANPLE  S-BE S-BI 5-CD 5-C0 S-CR S-Cu S-LA 5-#0 5-NB S-N1

141446 1.,00000 10,0000N 20,0000N  7.0000 200.0000  30.0000 20,0000 5.00008  20.0000L 70,0000
141447 1,0000 10,0000 20,0000  7.0000 70,0000 70,0000 20,0000 5.00000 20,0000 70,0000
141448 3,0000 10,0000 20,0000 20,0000  50.0000 70,0000 20,0000 S.0000N  20,9000L 70,0000
141449 1,0000 10,0000 20,0000 30,0000 150.0000 150.0000  50.0000 S5.00000 20.0000L 150,0000
141450 1.00000 10,0000N 20,0000 30,0000 70,0000 300,0000 20,0000 S.0000N  20.0000L 100,0000

141451 1,00000 10,0000 20,0000 30,0000 70,0000 200.0000 20,0000 5.00000 20,0000 100,0000
141452 1,5000 10,0000 20,0000 20,0000 150.0000 150,0000  20,0000N  5.0000N 20.0000N 150.0000
141453 1,00008 10,0000 20.0000N 20,0000 100,0000 150,0000 20,0000 5.0000N 20,0000 150.0000
141454 2,0000 10,0000  20.0000N 30,0000 150.0000 200.0000 20,0000 5+00008 20,0000 150.0000
141448 1,5000 10,0000 20.0000N 30,0000 150,0000 200,0000 20,0000 5.0000 20,0000 70,0000

141470 1,5000 10,0000 20,0000 20,0000 150.0000 100.0000 20,0000 5.00000 20,0000 100,0000
141474 1,000080 10,0000 20,0000 20,0000 150.0000 70,0000  20.0000N  5.0000N 20,0000 70,0000
141472 1,00000 10,0000 20,0000 30,0000 70,0000 200,0000  20.0000N  S.0000N 20.0000N 200,0000
141473 2,0000 10,0000 20,0000 70,0000 70,0000 300,0000  50.0000 5.00000 20.0000N 300.0000
141490 1,00008  10.00000 20,0000 50,0000 70,0000 150.0000  70.0000 3.00000 20,0000 1500000

141492 3,0000 10,0000 20,0000N 20,0000 70,0000 . 20,0000 7:0000 20,0000 70,0000
141493 1,0000N  10,00000  20,0000N 30,0000 100,0000 200.0000  50.0000 S.00000  20.00000 150.0000
141494 1,0000N 10,0000 20,0000 20,0000 150.0000 150.0000  20,0000N  5.0000N 20,0000N 70,0000
141495 1,00000 10,0000 20,0000 30,0000 150.0000 70,0000  30.0000 S5.,00008  20,00008 150.0000

141491 2,0000 10,0000 20,0008 15,0000 70,0000 100,000 30,0000  15.0000 20,0008 70,0000
300,000

141496 1,00000  10,0000N 20,0000 20,0000 130.0000 150.0000 20,0000 5.00000  20,0000N 150.0000
141497 1.0000  10.00000  20,0000N 10,0000 100.0000 150.0000  20.0000N  5.0000M  20.0000N 100.0000
141498 1,0000L 10,0000 20,0000 50,0000 70,0000 150.0000  20.0000N  S5.0000M 20.0000N 100.0000
141499 1.0000 10,0000 20,0000 10.0000 200,0000 100,0000  20.0000N  5.0000M 20.0000N 70,0000
141501 1,00000  10.0000N 20,0000 10,0000 100.0000 150.0000  20.0000N  5.0000N 20.0000N 70,0000

141502 1.00000 10,0000 20,0000N  5.0000 100,0000 200.0000  20.0000N  5.00000 20.0000N 70,0000
141503 1,00000 10,0000 20,0000  5.0000 150.0000 150.0000  20.0000N  S5.0000M 20,0000 70,0000
141504 1,00000 10,0000 20,0000 20,0000 70,0000 200.0000 20.0000N  5,0000MN 20.,0000N 150,0000
141505 1,0000  10.0000N 20,0000N  5.0000 100.0000 150.0000  30.0000 S.00008 20,0000  70.0000
141506 1,0000  10.0000N 20,0000 30,0000 50,0000 30,0000  20.0000N  5.0000N 20,0000  50.0000

141507 1,00000 10,0000 20,0000 20,0000 50,0000 100.0000  20,0000N  5.0000M 20,0000  70.0000
141508 1,5000  10,0000M  20,0000N 10,0000 50,0000 150.0000 20,0000  5.0000N 20,0000N 50,0000
141509 1,5000 10,0000 20,0000 10,0000  50.0000 150.0000! 20.0000N  5,00000 20,0000  70.0000
141510 1,5000 10,0000 20,0000N 50,0000 70,0000 150.0000  20.0000N  5.0000N 20,0000N 70,0000
141512 1,0000N 10,0000 20,0000 20,0000 150.0000 200.0000  20.,0000N  S5.0000N  20,0000N 100.,0000

141513 1,00000 10,0000 20,0000N 20,0000  50.0000 150,0000 50,0000 - 35,0000 20,0000 100.0000
141515 1,00000 10,0000 20,0000  5.0000 150,0000  70.0000  20.0000N  5.0000M 20,0000N 50.0000
141516 1,00000 10,0000 20,0000  5.0000 70,0000 150.0000 20,0000  5.0000M 20.0000N 100.0000
141517 1,0000 10,0000 20,0000  5,0000 150.0000 150.,0000  20.0000N  5.0000N 20.0000N 70,0000
141518 2,0000 10,0000  20.0000N 20,0000 200.0000 300,0000  20,0000N  5.0000  20,0000N 200.0000

141519 1,00008 10,0000 20,0000  10.0000 200,0000 150.0000 20,0000  5.0000N 20.0000N 100.0000
141520 1.0000F 10.00008 20.0000N 70,0000 200.0000 500.0000] 20,0000  5.,0000N 20,0000N 300.0000
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Table 3.--Semiquantitative spectrographic and atomic absorption assay values for
samples from cherty iron-manganese formations, B-29 anomaly area, Wadi
Bidah-Continued

SANPLE  S-PB S-5B S-5C S-5N S-SR s-v S-¥ S-Y S-Zn S-2R

141446 30,0000 100.0000N  7.0000  10.0000N 150.0000 300.0000  50.0000M 30,0000 200.0000L 70.0000
141447 30,0000 -100.0000N  5.0000  10.0000N 100.0000 300,0000  50.0000N 30,0000 200.0000L  20.0000
141448 30,0000 100.0000  5.0000  10,0000N 200.0000 300.0000  50.0000N 30,0000 200,0000L  30.0000
141449 15.0000 100,0000N 15,0000  10.0000N 300.0000 300,0000  50.0000M 70,0000 200.0000L  70.0000
141450 100,0000 100.0000N  10.0000  10.0000N 100.0000 300.0000  50.0000N 70,0000 200,0000L 70.0000

141454 30,0000 100.0000N 15.0000 10,0000 300.0000 150.0000  50.0000N 30,0000 200.0000L 100,0000
141452 10,0000 100,0000N  5.0000  10,0000N 300,0000 300,0000  50.0000M 30,0000 200,0000L 30,0000
141453 300.0000 100.0000N  S5,0000  10.0000N 300.0000 150.0000 50,0000 70.0000 200,0000L 15.0000
141454 30,0000 100.00008  5.0000L  10,0000N 300.0000 150.0000 50,0000 50,0000 200.0000L 15,0000
141468 10,0000  100,0000M  7.0000  10.0000N 300.0000 100.0000  50.0000M 30,0000 200.0000L  30.0000

141470 10,0000  100.00008 15,0000 10,0000 150,0000 150.0000  50,0000N 30.0000  200.0000L 100.0000
141471 10,0000 100,0000N 15,0000  10.0000N 100.0000N 150.0000  50.0000N 10,0000 200.0000L  15.0000
141472 150,0000 100.0000N 15,0000  10.0000N 150.0000 300.,0000  50.0000N 100.0000 200.0000L 100.0000
141473 70,0000 100.0000N 10,0000  10.0000N 300.0000 150.0000 50,0000 70,0000 200.0000L 70.0000
141490 20,0000 100.0000N  7,0000  10.0000N 1000.0000 300.0000  S50.0000N 70.0000 200,0000L 100.

141491 30,0000 100,0000N  5.0000L 10.0000N 700.0000 150.0000  50.0000N 70,0000 200.0000L  30.0000
141492 70,0000 100.0000N  7.0000  10.0000N 700.0000 200.0000  50.0000N 70,0000 200.0000L  30.0000
141493 30,0000 100.0000N 10.0000  10,0000N 300.0000 200.0000  50.0000N 70,0000 200.0000L 70.

141494 30,0000 100,0000N 15,0000  10.0000N 150.0000 150,0000  50.0000N 30.0000 200.0000L  70.0000
141495 50,0000 100.0000N 15.0000  10.0000N 100.0000 300.0000  50,0000N 50.0000 200.0000L  70.0000

141496 100.0000 100.0000N 10,0000  10.0000N 100.0000 300.0000  50.0000M 70,0000 200.0000L 70,0000
141497 70,0000 100.0000N  5.0000  10.0000M 150.0000 300,0000 50,0000 50,0000 200.0000L 50,0000
141498 30,0000 100,0000N  5.0000L 10,0000 700.0000 300.0000 50,0000 50,0000 200.0000L 10.0000
141499 15,0000  100,00000  5.0000  10,0000N 200,0000 200,0000  50.0000N 30,0000 200.0000L  30.0000
141501 50,0000 100.0000N  5.0000L 10.0000N 100.0000 200,0000  50.0000N 20.0000 200.0000L 10,0000

141502 20,0000 100.0000N  5.0000L 10.,0000N 200.0000 200.0000  50.0000N 50.0000 200.0000L 10,0000
141303 70,0000 100.0000N  5.0000L 10.0000N 100,0000 300.0000  50.0000M 20,0000 200.0000L  20.0000
141504  150.0000 100,0000N  7.0000  10.0000N 100.0000N 500.0000  50.0000N 15,0000 200.0000  50.0000
141505 70,0000 100,0000N  5.0000 10,0000 150.0000 200.0000 50,0000 50.0000 200.0000L  30.0000
141508 10,0000 100,0000M 15,0000 10,0000 150.0000 300.0000  50.0000N 50.0000 200.0000L 100.0000

141507 10,0000  100.0000N 10,0000 10,0000 100.0000L 300.0000 50,0000 15,0000 200.0000L 20,0000
141508 20,0000 100,0000N  5.0000L 10.0000N 700.0000 200.0000  S0.0000N 30.0000 200.0000L 10.0000
141509 50,0000 100.0000F  5.0000L 10.0000N 150.0000 200,0000  50.0000N 30,0000 200.0000L 10,0000
. 141510 10.0000L 100.0000N  5,0000L  10,0000N 1000.0000 200.0000  50.0000N  15.0000 200.0000L.  10.0000
141512 10.0000L 100.0000N  5.0000L 10.0000N 100.0000L 500,0000  50.0000N 50,0000 200.0000L 15.0000

141513 50,0000 100.00008  5.0000L 10,0000 700.0000 300.0000  50.0000N 100,0000 200.0000L 10.0000
141515 30,0000 100.0000N  5.0000L 10,0000 100.0000L 500.0000  50.0000N 20,0000 200.0000L 10,0000
141518 10,0000 100.0000  5.0000L  10.0000N 200.0000 200.0000  50.0000M 50,0000 200.0000L  50.0000
141517 50,0000 100,0000N  5.0000L 10.0000N 100.0000 200.,0000  50.0000N 30,0000 200.0000L 20,0000
141518 70,0000 100.0000N  7,0000  10.0000M 1060,0000 700.0000  50.0000N 100.0000 200.0000L 70,0000

141519 20,0000 100.00008  5.0000L 10,0000 300.0000 300.0000 50,0000 10,0000 '200.0000L  30.0000
141520 70,0000 100,0000N  5.0000  10.0000N 200.0000 500,0000  50.0000N 70,0000 300.0000 70,0000
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Table 3.--Semiquantitative spectrographic and atomic absorption assay values for
samples from cherty iron-manganese formations, B-29 anomaly area, Wadi
Bidah~Continued

SAPLE  AA-AU-T  AMA-AG-T  AA-CU-P MA-PB-P  MA-IN-P

141444 0,0500L  0,9000 20,0000 35,0000  30.0000
141447 0,0500L  1,5000 90,0000 40,0000  50.0000
141448 0.1000 2,0000 65,0000 50,0000 55,0000
141449 0.0600 1,6000 140,0000 30,0000 45,0000
141450 0.0600 1,6000  500.0000 140.0000  140,0000
141451 0,0500L  1,3000 165,0000 50,0000  115,0000
141452 0.1000 1,4000 190,0000 35,0000 50,0000
141453 0.1000 1,3000  105.0000 310.0000 120,0000
141454 09,0600 1,4000 1900000  45.0000 95,0000
141468 0,0600 1,2000 225.0000 30,0000 35,0000

141470 00600 0.7000 110,0000 20,0000 130.0000

141471 0.0600 0,8000  85.0000 20,0000 100,0000

141472 0,1600 1,3000  165,0000 190.0000  140.0000

141473 0.0600 1,5000 220,0000  85.0000 155,0000

141490 0,0600 2,3000  105.0000 35-?000 1000000
L

141491 0,0600  1,5000  300.0000 so.m 95,0000
141492 0,0600  1,5000 3000000 50, 85,0000
141493 0,0600 1,400 160.0000 50, 110,0000
141494 0,0600  1,5000 115.0000 40, 95,0000
14495 0,0600  1,3000 60,0000 50,0000 160,000

141496 0.0600 1,4000 165,0000 85,0000 .250,0000
141497 0.0800 1,5000 110,0000 80,0000 140.0000
141498 0.1000 1,7000 115.0000 45,0000 95,0000
141499 0,0600 1,1000 90,0000 40,0000 100.0000
141501 0.0600 1,6000 100.0000  S5.0000 60,0000

141502 00600 1,4000 205.0000 40,0000 100.0000
141503 0.1000 1,3000 110,0000 90,0000 125.0000
141504 00600 1,2000 220.0000 1S5, 200.0000
141505 0.1000 1,2000 100,0000 70,0000 100.0000
141506 0.0600 1,4000 25,0000 45,0000 125,000

141507 0,1000  1,3000 75,0000 25,0000 80,0000
141508 0,0600  2,6000 110,000 30,0000 50,0000
141509 0,0600 1,700 85,0000 60,0000 100,000
141510 0,0600  1,6000 90,0000 15,0000 65,0000
141512 0,0600 1,500 130,0000 25,0000 120,000

141513 0.0600 1,7000 85,0000  35.0000 105.0000
141515 0,0600 1,5000 75,0000 35,0000 75,0000
141516 0.1200 1,6000 75,0000  25.0000 80,0000
141517 0,0600 1,3000 115,0000  55.0000 75,0000
141518 0.1000 1,9000  210,0000 75,0000  55.0000

141519 0,0600  0,7000 60,0000 30,0000 145.0000
141520 0,0600  1,5000 250,0000 75,0000  300.0000

28



Table 3.--Semiquantitative spectrographic and atomic absorption assay values for
samples from cherty iron-manganese formations, B-29 anomaly area, Wadi
Bidah-Continued

SANPLE  S-FE ¥ 5-#6 2 s-Caz S-T12 S-MN S-#6 5-AS S-Al 5-B S-BA

141521 15,0000 3,0000 0,7000 1,00006 5000,00006  0.5000N 200.0000N 10,0000 10,0000L  20,0000L
141522 20,00006  1.,0000 1,0000 0.1000 5000,00006  0.5000N 200.0000N 10.0000N  10.0000L 200,0000

141523 20,00006  0,7000 0,5000 0,2000 3000.0000 0.5000N 200.00004 10,0000 10,0000L  20.0000L
141524 20,00006  1,5000 3,0000 0,3000 1500.0000 0.5000N 200,00008 10,0000  10,0000L  20.,0000L
141525 20,00006  0.3000 1,0000 0.1000 1000,0000 0,5000N 200.0000N  10,0000N  10.0000L  20.0000L

141526 15,0000 1,5000 '3,0000 0.1000 5000,00006  0.5000N 200,0000N 10,0000 10.0000L 70,0000
141527 20,00006  1.0000 1,5000 0.1500 10,0000 0.5000N 200.0000N 10,0000  10,0000L  20.0000L
141528 20,00006  0.2000 0,7000 01000 10,0000 0,5000N 200,00008  10.0000N  10,0000L  20,0000L
141529 20,00006  1,0000 5.0000 0.0500 10,0000 0.5000N 200,0000N 10,0000  10,0000L  20,0000L
141530 20.00006  1.,0000 145000 0,2000 10,0000 0.50008 200,0000N  10.0000N  10,0000L 200,0000

141531 20,00006  0.7000 540000 0.0700 5000.00006  3.0000 200,0000N 10,0000  10,0000L 20,0000
141532 20,0000 0.3000 3,0000 0,3000 1500,0000 0.50008 200.0000N 10,0000 10,0000  150.0000
141533 15,0000 0. 3000 3.0000 0,0700 5000,00006  0.5000N 200.0000 10.0000M 10,0000  70.0000
141534 20,0000 02000 3.0000 0.0300 1500.0000 0.5000N 200.00008  10,0000N  10.0000L 30,0000
141535 20,0000 0,1500 5:0000 0,0300 2000.0000 0.,50008 200.0000N  10,0000N 10,0000 50,0000

141538 15,0000 0.1500 3.0000 0,0500 5000,00006  0.5000N 200.0000N 10,0000 10,0000 300.0000
141537 20,0000 0.1500 2,0000 0,0500 5000.0000 0.5000N 200,00000 10,0000N 10,0000L 150,0000
141538 15,0000 03000 1,5000 0.1500  500.0000 0.5000N 200,00004 10,0000N 10,0000 150.0000
141539 10,0000 0.,3000 1,5000 0,0300 5000,00006  0.5000N 200,0000N 10,0000N 10,0000L  30.0000
141540 15.0000 0.5000 1,5000 0,0500 5000,00006  0.5000N 200,0000N 10,0000 10,0000L 50,0000

141541 10,0000 0,7000 0.7000 0.1500 5000,00006  0.5000N 200.0000N 10,0000 10.0000L 30,0000
141542 7,0000 047000 1,5000 0.1000 5000,00006  0.,5000N 200.,0000N 10,0000N 10.0000L 150,0000
141544 15,0000 0,1000 340000 0.0700 5000.00006  0.5000N 200,0000N 10.0000N 10.0000 300.0000
141553 15,0000 0,7000 2,0000 0.0700 5000.0000 0,5000N 200,00004 10.0000N 10,0000L 50,0000
141554 15:0000 0.3000 31,0000 0,1000 5000,00006  0.5000N 200,0000N 10,0000 10.0000L 150.0000

141555 3.0000 0.7000 3:0000 0.0050 5000.0000 0,5000N 200.0000N 10,0000 10.0000L  70.0000
141556 20,0000 0,2000 3.0000 0.1500 5000,00006  0.5000N 200.0000M 10,0000N 10,0000 150.0000
141557 15,0000 0.7000 3,0000 0.1500 5000,00006  0.5000N 200.0000N 10,0000 10,0000L 70,0000
141558 15,0000 0.5000 0,7000 0.2000 5000.0000 0,50008 200.0000N  10,0000N - 10.0000L  20,0000L
141559 740000 0.1500 740000 0.1000 1000.0000 0,5000N 200.0000M  10.0000M 10,0000 150,0000

141560 10,0000 045000 3,0000 0,0500 5000.00006  0.5000N 200.0000N 10,0000 10.0000L 30,0000
141561 3.0000 0.0700 35,0000 0.0500 5000.,00006  0,5000N 200,0000 10,0000N  10.0000L 150,0000
141562 7:0000 047000 047000 0.1000 2000.0000 0.5000N 200.00000 10,0000 10,0000  70.0000
141563 7,0000 0.1000 3.0000 0,0300 5000,00006  0.5000N 200.,0000N 10,0000 10,0000 70,0000
141544 15+0000 0.0300 0.1500 0,2000 5000.0000 0.5000N 200,00000 10,0000  10.0000L 150.0000

141565 10,0000 0.3000 5,0000 0,1000 3000,00006  0,5000N 200,0000M 10,0000 10,0000  150.0000
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Table 3.--Semiquantitative spectrographic and atomic absorption assay values for
samples from cherty iron-manganese formations, B-29 anomaly area, Wadi
Bidah-Continued

SANPLE  S-BE S-81 S-CD s-Co S-CR s-cy S-LA S-i0 S-NB S-NI

141524 1.0000M  10.0000N 20,0000N 20,0000 100,0000 30,0000 20,0000  5.0000N 20,00000 100,0000
141522 1,0000N 10,0000 20,0000 10,0000 100,0000 300,0000  20,0000N  5.0000N 20,0000 100.0000
141523 1,0000N  10.0000N 20,0000  5,0000 200.0000 500.0000  20.0000M  5.0000M 20,0000 200.0000
141524 1,0000 10,0000 20,0000N  5.0000L 100.0000 300.0000 20,0000  5.0000N 20,0000N 100.,0000
141525 1,0000  10,0000N 20.0000N  5.0000L 300.0000 300.0000  20,0000N  S.0000 20,0000N 70.0000

141526 1,5000  10,0000N 20.0000N 15.0000 100.0000 200.0000° 20.0000M  S5.0000M 20,0000N 100.0000
141527 1,0000N  10,0000N 20,0000N 10,0000  150,0000 200.0000: 20.0000N  5.0000N 20.0000N 100.0000
141528 3.,0000  10,0000N  20,0000N 10,0000 100.0000 150,0000 20,0000  5.0000N 20,0000N 100.0000
141529 1,00008 10,0000 20,0000 15,0000 200,0000 300.0000 20,0000  5.0000N 20.0000N 200.0000
141330 1,0000  10,0000N  20.0000N 50,0000 200.0000 200,0000  20,0000N  5.0000M 20,0000 100.0000

141531 1,00008  10,0000N 20,0000N  5.0000 150.0000  200.0000  20,0000N  S5.00000 20,0000 100.0000
141532 1,00008 10,0000N 20,0000 15,0000 300.0000 150,0000  20.0000N  5.0000L 20.0000L 50,0000
141533 1,00008 10.0000N 20,0000 20,0000 300.0000: 150.0000  20,0000N  5.0000  20.0000L 50.0000
141534 1,00008 10,0000 20,0000 10.0000 150,0000 100,0000  20.0000N  S5.0000 20.0000L  70.0000
141535 1,00008  10,0000N 20.0000N 10,0000 100,0000 50,0000  20.0000N  5.0000M 20.0000L  30.0000

141336 1,0000N 10,0000 20,0000 30,0000 200.0000  100.0000 [ 20,0000  5.0000 20,0000L 150.0000
141537 1,00008 10,0000 20,0000 15,0000 150.0000 50,0000 20,0000N  5.00008 20.0000L 50,0000
141538 1,00008 10,0000 20,0000N  5.0000 150.0000 70,0000 20,0000  5.0000M 20.0000L 50,0000
141539 1,5000 10,0000 20,0000 50,0000 70,0000 100.0000, 20.0000N  5.0000M 20.,0000L 150.0000
141540 1,00008  10,00000 20,0000 30,0000 150,0000 20,0000  200.0000 5.0000L  20,0000L 100.0000

141541 1,00000  10,0000N 20,0000 30,0000 300.0000 70,0000 200.0000 S.00008 20,0000l 70,0000
141542 1,0000L  10,0000N 20,0000 50,0000 70,0000 200.0000  30.0000 5.00008  20,0000L 100,0000
141544 1,00008 10,0000 20,0000 20,0000 100.0000 100.0000 20,0000  5.0000L 20.0000L 70,0000
141553 1,00000 10,0000 20,0000 30,0000 100.0000 200.0000 20,0000  5.0000M 20.0000L 100.0000
141554 1,00000 10,0000 20,0000 50,0000 100,0000 70,0000 20,0000  5.0000M 20,0000L 150.0000

L0000N 10,0000 20,0000 15,0000 150,000 30,0000 | 20,0000

141555 1 5.0000L 20,0000 30,0000

141556 1,0000L 10,0000 20,0000 15,0000 100,0000 150,0000 . 20,0000  5.0000N 70,0000 70,0000

141557  1,0000L  10,00000 20,0000 30,0000 70,0000 100,000, 20,0000  5.00008 50,0000  100,0000

141558 1,0000M 10,0004 20,0000 20,0000 50,0000 70,0000 30,0000  5.0000% 50,0000 70,0000

141559 1,0000L 10,0000 20,0000 10,0000 100,0000 70,0000 50,0000  S5.0000 20,0000 30,0000
|

141560 (0000N 10,0000 20,0000N 15,0000 30,0000 50,0000 30,0000  S5.00008 20,0000 50,0000

1
141561 1,0000L 10,0000 20,0000 15,0000  30.0000 70,0000 20.0000N  5.0000 20,0000 30,0000
141562 1,0000L 10,0000 20,0000 15,0000 70,0000 100.0000 ' 20.0000L  5.0000 20,0000  70.0000
141563 1,0000L 10,0000 20,0000 30,0000 100,0000 100.0000 20,0000  5,0000 30,0000 70,0000
141564 1,5000 10,0000 20,0000 20,0000  70.0C00 150.0000  30.0000 5.00000 70,0000 70,0000

141565 1,5000 10,0000 20,0000 20,0000 70,0000 100.0000 20,0000  5.0000N 30,0000  70.0000
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. Table 3.--Semiquantitative spectrographic and atomic absorption assay values for

samples from cherty iron-manganese formations, B-29 anomaly area, Wadi
Bidah~Continued

SANPLE

141521
141522
141523
141524
141525

141526
141527
141528
141529
141530

141531
141532
141533
141534
141535

141536
141537
141538
141339
141540

141541
141542
141544
141553
141554

141555
141356
141557
141558
141559

141560
141561
141562
141563
141564

141565

S-PB

10,0000L
30,0000
70,0000
10,0000L
10,0000L

100.0000
20,0000
50,0000
7040000
50,0000

50,0000
30,0000
70,0000
30,0000
30,0000

20,0000
30,0000
10,0000L
10,0000¥
10,0000L

30,0000
30,0000
20,0000
30,0000
30,0000

10, 0000N
50,0000
30,0000
50,0000
70,0000

20,0000
30,0000
15,0000
20,0000
20,0000

30,0000

5-SB

100,0000N
100, 00008
100, 0000M
100.0000N
100, 00008

100,0000N
100, 00008
100, 0000
100.0000N
100,0000N

100.,0000N
100, 0000N
100, 0000N
100,0000N
100,0000N

100,0000N
100,00008
100, 0000N
100, 0000N
100,00004

100, 0000N
100, 0000N
100, 00008
100, 0000
100, 00008

100, 0000N
10000008
100, 0000N
100, 0000N
100, 0000

100.0000N
100, 0000N
100, 0000N
100, 0000N
10000008

100, 00008

S-§C

30,0000
5:0000
7,0000
5,0000
5,0000L

35,0000L
5.0000L
7,0000

5.0000L
5.0000L

5.0000L
10,0000
5.0000L
5.0000L
5.0000L

5,0000L
3,0000L
7,0000

5,0000L
5,0000L

540000
35,0000
5.0000L
5,0000
5.0000

5,0000L
5:0000
5,0000
7,0000
5:0000

3.,0000
7:0000
7+0000
5,0000
7,0000

5:0000

S-S

10.0000N
10,0000N
10, 0000N
10,00004
10,0000N

10,00004
10, 00008
10.,0000N
10.0000N
10,0000N

10, 00008
10,0000M
10,0000N
10,0000M
10.0000N

10,0000
10,0000M
10,0000
10, 00008
10, 00008

10, 0000N
10,0000
10,0000
10,0000M
10, 0000N

10,0000M
10,0000M
10.0000N
10,0000N
10,0000K

10,00008
10,0000N
10,0000M
10,0000
10,0000N

10,00008

§-5R

100, 00008
100.0000L
100.0000L
100,0000L
100, 0000L

700, 0000
100,0000L
100, 0000L
2000000
500.0000

1500000
150,0000
300, 0000
150,0000
150,0000

500,0000
1000000
100,0000L
150.0000
700,0000

200.0000
1500,0000
200, 0000
300, 0000
300, 0000

150,0000
200, 0000
500,0000
100.0000
150,0000

150, 0000
200,0000
1500000
200, 0000
150, 0000

300,0000
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s-v

300,0000
300,0000
50040000
300, 0000
700.0000

300.0000
500, 0000
200,0000
300,0000
3000000

200,0000
300,0000
200.0000
200.0000
200,0000

150,0000
100,0000
100.0000

70,0000
150,0000

100,0000
100.0000
100.0000
150,0000
200,0000

50,0000
200,0000
200,0000
200,0000
150,0000

100,0000
100.0000
100,0000
100.0000
1500000

150,0000

5-4

50, 0000N
50,0000
50, 0000N
50, 0000N
50.,0000H

50.0000N
50, 0000N
50, 00008
50,0000
50, 00008

50, 0000N
50, 0000N
50, 0000N
50, 00008
50,0000N

50400008
50400008
50, 0000N
50, 0000N
50, 0000MN

50, 0000N
50,0000N
50, 0000N
50,0000
50,0000N

50, 0000N
50, 0000N
50,00004
5000008
5000004

50, 0000N
50,0000
50, 0000N
50,0000
50, Q000N

50, 0000N

5-Y

20,0000
20,0000
20,9000
20,0000
50,0000

20,0000
20,0000
50,0000
30,0000
30,0000

20,0000
50.0000
50,0000
30,0000
30,0000

30,0000
20,0000
30,0000
20,0000
30.0000

20,0000
50,0000
30,0000
30,0000
30,0000

15,0000
50,0000
30,0000
10,0000L
50,0000

30,0000
20,0000
20,0000
15,0000
30,0000

30,0000

S-IN

200,0000L
200,0000L
300.0000
200, 0000L
200,0000L

200,0000L
200, 0000L
200,0000L
200,0000L
200.0000L

200,0000L
200.0000N
200, 0000N
200, 0000N
200, 00008

20000008
200, 00008
200, 0000N
200, 0000N
200, 00004

200, 00008
200, 0000¥
200,0000N
200, 0000¥
200, 0000N

200, 00008
200, 0000K
200,0000N
200,0000N
200, 0000N

200, 00008
200, 00008
200, 0000N
200,00008
200, 0000K

200,0000M

S-IR

70,0000
30,0000
100,0000
100.0000
30,0000

30,0000
50,0000
10,0000
10,0000
50,0000

10,0000
100,0000
30,0000
20,0000
15,0000

20,0000
20,0000
70,0000
20,0000
30,0000

50,0000
50,0000
30,0000
30,0000
30,0000

10,0000
50,0000
50.0000
70,0000
30,0000

30,0000
30,0000
30,0000
20,0000
100,0000

50,0000



Table 3.--Semiquantitative spectrographic and atomic absorption assay wvalues for
samples from cherty iron-manganese formations, B-29 anomaly area, Wadi
Bidah-Continued

SAMPLE  AA-AU-T  AA-AG-T  AA-CU-P  AA-PB-P  AA-ZN-P

141521 0,000  1.2000 20,0000 35,0000 250.0000
141522 0,0600  1,4000 180,0000 60,0000  130,0000
141523 0,0600  1.3000 300.0000 80,0000 200,0000
141524 0,0600  1,3000 200,0000 35,0000 130,0000
141525 0.,0600 1,7000 250,0000  25.0000 45,0000

141526 0,0600  1,3000 125.0000 75,0000 125.0000
141527 0,0600  1,2000 125.0000 35,0000 105.0000
141528 0,0600  1,7000 85,0000 75,0000 95,0000
141529 0,0600  1,5000 125.0000 75,0000  100.0000
141530 0,1200  1,4000 85,0000 40,0000  210,0000

141531 0.0600 4,8000 170,0000 45,0000 130.0000
141532 0.0500L  1,8000 275,0000 80,0000  £0.0000
141533 0.0500L  1,4000 100.0000 80,0000 45,0000
141534 0,0500L  1,5000 105,0000 50,0000  50.0000
141535 0.0500L  1,5000 53,0000 50,0000  25.0000

141536 040600 1,5000 110,0000 30,0000 45,0000
141537 0.0600 1.6000 45,0000 50,0000 50,0000
141538 0,0600 1,3000 60,0000 20,0000 70,0000
141539 0.0600 2,4000 110,0000 20,0000  180,0000
141540 0,0500L  1,7000 215,0000 15,0000 80,0000
141541 0,0500L  1.1000 45,0000 60,0000 90,0000
141542 0.0600 1,4000 125.0000 30,0000  140,0000
141544 0.0600 1.4000 90,0000 2040000  45.0000
141553 0,0800 2,3000 185.0000 35,0000 70,0000
141554 0,0600 1,8000 30,0000 25,0000  40.0000
141555 0,0500L  0,5000L 25,0000 20,0000 20,0000
141556 0.0500L  1,6000 85,0000 30,0000 55,0000
141557 0,0500L  2,3000 75,0000 25,0000 260.0000
141558 0.0600  1,7000 40,0000 80,0000 160,000
141559 0.,0800 1,0000 55,0000 70,0000 25,0000
I
141560 0.0600 1,5000 50,0000 20,0000 120.0000
141561 0,0500L  1,5000 110,0000 35,0000 45,0000
141562 0,0500L  1,0000 140.0000 20,0000 85,0000
141563 0,0500L  1,2000 95,0000 2540000  45.0000

141564 0.,0800 1,8000 130.0000 20,0000 70,0000

141565 0,0800  2,1000 120,0000  80/0000 100,000
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significant mineralization. In most circumstances, =zinc
migrates farther than copper during weathering and creates
large halos around all deposits except those in very calcare-
ous rocks. The lack of such halos in this area suggests that
zinc is not abundant, a conclusion confirmed by the low zinc
values obtained by analysis of Rabathan drill-core intersec-
tions from the sulfide zone (Kiilsgaard and others, 1978).

Comments

Rock geochemical studies in the B-29 anomaly area in@i—
cate that primary dispersion of metals around known massive
sulfide deposits is very limited. Consequently, the effec-
tiveness of rock-chip sample surveys is low, and it is doubt-
ful if more detailed surveys would be worthwhile. Although
hydrous iron and manganese as well as carbonaceous material
are scavengers of many elements including gold, silver, cop-
per, lead, and zinc, there are conflicting reports concerning
their effectiveness in adsorbing metal ions (Saxby, 1976).
Because these adsorption reactions are complex and so many
variables enter into the problem, few conclusions may be
drawn concerning concentrations of various metals in any par-
ticular carbonaceous or cherty iron-manganese formation. In
the B-29 area, the rock-chip sampling program succeeded only
in defining zones of cherty iron-manganese or carbonaceous
formations containing moderate to high copper, lead, and zinc
values. Negative results from the drilling of some of these
formations indicate that these zones are probably not gen-
erally associated with base metal sulfide deposits, and the
low gold and silver contents of all of the samples from the
area support a negative assessment of the mineral resource
potential.

Results of drilling in the B-29 anomaly area

Three drill targets were selected on the basis of geo-
physical and geochemical survey results and geologic mapping.
All drill holes were inclined at -45° (for detailed drill
logs, see plate 3).

Drill hole RAB-1

Drill hole RAB-1 was positioned to undercut the northern
end of a -300 mV self-potential anomaly that coincides with
the western edge of an in-phase electromagnetic gradient rang-
ing from 100 to 50 percent; to intersect the downward projec-
tion of a cherty iron-manganese formation at a depth of about
60 m (plate 2); and to test the zone below moderately high
copper values obtained by grid sampling east of and adjacent
to the cherty iron-manganese outcrop (plate 1).

The drill hole intersected a series of layered rocks
including mudstone, chert, and finely laminated cherty tuff
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and carbonaceous material (plate 3). Much of the drill hole
intersected zones of kink and drag folding that grade into
shear zones, some of which are brecciated, mylonitized, and
sealed by quartz. Pyrite is distributed along laminations in
the siliceous-carbonaceous rock. The drill hole did not
intersect cherty iron-manganese formation or other sulfides,
and it is proposed that the cherty lens either pinches out or
is folded as depicted in plate 2.

Drill hole RAB+2

Drill hole RAB-2 was positioned to test a -400 mV self-
potential anomaly that coincides with a -30 percent out-of-
phase electromagnetic anomaly and to test a coincident
geochemical copper anomaly (plate 1).

The drill hole began in calcareous quartz schist and then
intersected a wide zone of interbedded argillite and chert.
Between 99.0 and 112.55 m depth, the drill hole intersected a
tightly folded and sheared zone composed of about 80 percent
carbonaceous material and sparse yrite (plate 3). The
bottom of the drill hole is in epidotized fine-grained gray-
wacke.

Flanigan and others (1982) believe that the drill hole
sufficiently tested the geophysical anomalies, which were
apparently caused by the carbonaceous shear zone. In addi-
tion, rock chips from the coincident copper-anomalous zone
were partially carbonaceous.

Drill hole RAB+3

Drill hole RAB-3 was positioned to test the southern end
of a -200 mV self-potential anomaly; to intersect the down-
ward projection of a cherty iron-manganese formation; and to
test the northern end of a 40 percent in-phase electromag-
netic anomaly (plate 1). In addition, moderate copper values
were obtained on sample line 1300 , which passes a short
distance to the north of the drill-hole location (plate 1).

No core was recovered between the surface and 29.1 m
depth (plate 3). Below 29.1 m, the drill hole intersected
alternating layers of slightly brecciated cherty zones bear-
ing disseminated to massive pyrite; these zones are thought
to be unoxidized cherty iron-manganese formations. Finely
laminated carbonaceous material and siliceous calcareous
tuff, both interlayered with massive gray dolomite, compose
most of the drill core. Two to three percent disseminated
pyrite is associated with the laminated tuff and carbonaceous

schist.
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Discussion of drilling results

Drill holes RAB-1, -2, and -3 were positioned to test
several combinations of conditions in the Rabathan area: 1)
coincident self-potential and electromagnetic anomalies and
2) cherty iron-manganese formations, some of which are
slightly to moderately anomalous in copper and zinc and some
of which coincide with geophysical anomalies.

Drill holes RAB-1, -2, and -3 did not intersect signifi-
cant amounts of base or precious metals, and it must be
concluded either that there are no near-surface sulfide-
bearing bodies in the area or that the exploration techniques
lacked the necessary sophistication to locate such sulfide
bodies. If the latter is the reason, then a more complete
geophysical and geochemical study combined with more detailed
geologic mapping would be in order. Such a study should
include closer spacing of the geophysical and geochemical
lines and a careful evaluation of all of the drilling results
in combination with detailed surface studies including
geology, geophysics, and geochemistry. For instance, Earhart
and Mawad (1970) drilled five cherty iron-manganese lenses in
the northern part of the Rabathan area, and, although the
results from four holes (R-5, -6, -7, and -8) were negative,
the fifth (R-3) undercut a very similar lens and intersected
a massive sulfide body. Very detailed studies of these drill
sites may explain the difference in results.

Flanigan and others (1982, p. 16) conducted detailed
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