




the stratal unit that is considered for mining, has 
1-3 m of friable phosphorite without appreciable 
carbonate in the matrix overlying 3-5m of indu­
rated phosphorite with a carbonate-rich matrix. 
The friable phosphorite has a higher grade of P 20 5' 

Underlying the indurated phosphorite is the lower 
part of the phosphorite of the Thaniyat member. 
This lower phosphorite is enriched in MgO and, 
for this reason, is not being considered for mining 
at this time. The friable phosphorite portion has 
resulted from solution weathering by groundwa­
ter and is perhaps a geologically recent phenom­
enon. The upper indurated phosphorite is thought 
to originally have contained dolomite that subse­
quently has been removed through processes of 
weathering and dedolomitization. This latter pro­
cess results from an oxidation of sulfur, either from 
organically-bound material or sulfide minerals in 
the sediment, to sulfate ion in the pore water, which 
then corrodes and leaches Mg-containing mineral. 
Without Mg, the matrix recrystallizes as reason­
ably pure calcium carbonate. In contrast, the low­
ermost phosphorite has been little affected by these 
processes. The different compositions of these 
three parts of the Thaniyat member illustrate im­
portant different processes of diagenesis and 
lithification and, especially of post depositional 
alteration from weathering and ground water in­
teraction with the phosphate rock. How these pro­
cesses have affected phosphatic units in other parts 
of the basin will determine in large part the ore 
nature and quality of the phosphorite and whether 
the resources might be mined. 

Commodity Estimates 

Total phosphate rock resources for the Sirhan­
Turayf basin may well exceed 10 Ot (billion tons) 
of phosphate rock with a bulk, average P 205 con­
tent of percent. However, all but about 2 Ot 
of these may occur in deposits that, because of re­
moteness, grade, thickness, or localized extent, are 
unlikely to be mined in any present to immedi­
ately foreseeable economic climate. Resources 
inventoried by Riddler and others (1990) for the 
remaining areas, AI Jalamid, Umm Wual, and 
Thaniyat, are shown in Table 1. The indicated re­
sources for the Umm Wual region include 23 per-

cent of those resources in the north part of the re­
gion with an average P20 S grade of21 percent and 
an overburden ratio of 10:1, whereas the remain­
der of the resources has a lower average P 205 grade 
of 18 percent but also has a shallower, more eco­
nomically favorable strip ratio of 2.5: 1. The other 
phosphatic area of interest in the southwest part 
of basin, Sanam, lies about 75 km southwest of 
the Thaniyat area and contains exposures of 
Thaniyat member phosphorite at or near the tops 
of several erosional remnant hills that are imme­
diately south of the Thaniyat Escarpment. Bed 
thickness of the phosphatic portion of the Thaniyat 
member are up to 12 m and overburden ratios are 
generally small, usually <2:1. This area may con­
tain 40 Mt ofP20 5 as inferred resources may exist 
here assuming an area of 10 x 10 km, a remnant 
coverage of the landscape of 10 percent, an aver­
age thickness of 8 m, and an average P20 S grade 
of 20 percent. Davis and others (1991) suggest a 
similar number for the phosphatic resources in the 
area. The shallow overburden thickness provides 
a considerable advantage to mining of these latter 
resources in that they easily could be exposed and 
mined using a bulldozer to scrape off the overbur­
den and work the phosphatic strata. 

Recommendations for Further 
Characterization 

Much resource information is lacking for 
proper resource of the phosphate rock deposits in 
the Sirhan-Turayf Basin. Further exploration and 
drilling characterization of the type used at the 
deposit at AI Jalamid would definitely benefit un­
derstanding of the resources of the phosphate de­
posits in the basin. Unfortunately, this scale of 
exploration, especially of an extensive drilling and 
coring effort, has an accompanying relatively high 
cost. However, there are less expensive alterna­
tive exploration techniques that would still pro­
vide useful information if a more extensive effort 
cannot be mobilized. Trenching and auguring pro­
vide inexpensive field characterization techniques 
and alternatives to expensive drilling and coring. 
Use of a bulldozer or backhoe with an auguring 
attachment would be suitable for characterizing 
many of these areas. These exploration and char-
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acterization techniques have minimal personnel 
support requirement and preclude a drill crew with 
required support vehicles and facilities. In most 
cases outcrop location and bed thickness would 
be revealed by these techniques even when there 
is a duricrust cover of a few m thick over the strata. 

There are several provinces within the basin 
that would benefit from further exploration and 
field sampling to characterize phosphate rock re­
sources. There are localities in the center part of 
the basin, notably the area referred to as Al Amud, 
that, while they often contain deposits several m 
thick and are sometimes composed of excellent 
P20S grade, are unfortunately localized in extent. 
They would benefit from further exploration char­
acterization only in a climate of greater interest in 
phosphatic deposits. Riddler and others (1990) 
estimate these resources to be 800 Mt of phosphate 
rock but with an overall average grade of <20 per­
cent. Furthermore, the phosphatic units often are 
buried under thick overburden, which can include 
basalt cover of several tens of m thickness. Aver­
age strip ratio for these deposits is 14:1 (table 1). 

The obvious deposits for immediate further 
characterization are, in order of priority: extensions 
of the known deposit at Al Jalamid, the deposits 
on both sides of the Umm Wual graben, deposits 
in the Sanam area, and deposits in the Thaniyat 
area. In the case of the deposit at Al Jalamid, the 
search for additional Thaniyat deposits should be 
continued to north and northwest of the deposit 
proposed to be mined. The occurrence of phos­
phatic float on the surface and favorable phosphate 
shows in existing drilling records and core indi­
cate the presence of additional resources in the 
immediate area. The relative absence of dense 
drilling patterns in these outlier areas allows for 
the existence of possible deposits of similar size 
to the known deposit. Initial exploration could be 
done by inexpensive trenching if soil and overbur­
den rock thicknesses do not exceed 2 m. Augur­
ing would be able to sample units to 20 or 30 m 
depth, well within the economically recoverable 
range. Alternatively, an infilling and exploration 
drilling plan should be carried out up to 40 km 
northwest of the main deposit. Sampling of the 
material should include P20 S content for assess­
ment of grade and tonnage, overburden ratios, and 

major element characterization of the phosphatic 
units for Mg, Fe, and Al. 

In addition to exploration for new deposits of 
extensive, thick phosphatic units, further study also 
should include sampling of these deposits to char­
acterize chemistry and concentrations of elements 
that might compromise mining, processing, or 
phosphoric acid manufacture. Lithologic charac­
terization should include bulk mineralogy, espe­
cially carbonate, silicate, carbonate cement, and 
clay type and concentration. Chemical character­
ization should include Fe, Mg, Al, and the trace 
element suite of U and Cd. 

There are additional phosphatic resources at 
the Al Jalamid deposit. Specifically, the lower 
phosphatic unit of the Thaniyat member should 
be extensively resampled in the area of the pro­
posed mine where it is relatively rich in MgO. One 
or more of the existing shafts into the Thaniyat 
member in the area of the proposed mine could be 
deepened for this project. The purpose of this sam­
pling would be to obtain several tons of material 
that could be used for various bench scale 
beneficiation tests for MgO-rich phosphorite. The 
ultimate goal would be the development of a 
beneficiation technique that would economically 
process MgO-rich phosphate rock. Development 
and availability of such a technique in the near 
future would add considerably to the reserves of 
the proposed Al Jalamid deposit and could alter 
the proposed mine plan of this main deposit in a 
way to better extract all phosphatic resources. 

A thick sequence of the phosphatic part of the 
Thaniyat member, averaging 6 m but ranging up­
ward to 12 m, exists in the Sanam area, especially 
at localities in the southern part of the Wadi Al­
Fayha area. The area had a series of trenches dug 
by hand (Farasani and others, 1991) followed by 
excavation of the unit in 6 localities by bulldozer. 
Understanding of the phosphorite unit in this area 
would benefit from an e"tension of this relatively 
low-cost exposure technique. Re-sampling of the 
existing trenches recently provided composite 
samples of about 10 to 15 kg of the phosphatic 
sediment, excluding interlayered chert units. These 
samples presently are being analyzed for PO, 

. d' I 2 5 major, an mmor e ements including trace ele-
ments of concern. In addition, sufficient material 
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was obtained to run small-scale beneficiation tests 
on the samples to resolve considerations of min­
eralogy and cementation that would be impor­
tant to subsequent mining and processing of the 
phosphate resources. Finally, these samples are 
intended for paleontologic investigations that 
might resolve biostratigraphic age questions and 
help understand possible differences in deposi­
tional environment for the Thaniyat member be­
tween localities at A! Jalamid and the southwest 
portion of the Sirhan-Turayf basin. 

Aspects of Ore Quality 

In most cases uranium is not likely to be of 
concern in the production of phosphoric acid from 
the phosphatic rocks of the Sirhan-Turayf Basin. 
There are some localized enrichments of uranium 
to 400 ppm in the phosphorite and some isolated 
occurrences of visible uraniferous-vanadiferous 
minerals within the phosphate-enriched units, but 
analytical values for uranium in most units are not 
large enough to indicate concern. 1Ypical uranium 
concentration values for the Thaniyat member are 
s100 ppm. Within the Thaniyat member, there is 
a slight vertical trend in uranium concentration 
with smaller concentration values occurring toward 
the top of the member. This likely reflects leach­
ing from post-depositional weathering that has left 
the rock more friable by removing carbonate and 
simultaneously leached some of the soluble ura­
nium from the ore. 

Production Considerations 

Transportation to processing facilities of mined 
phosphate rock concentrate in the Sirhan-Turayf 
basin will be a major logistic consideration. The 
deposit at A! Jalamid lies approximately 1300 km 
from the port city of A! Jubayl on the Persian Gulf 
where the phosphate fertilizer plant complex is to 
be located. Options being examined for the trans­
port of phosphate ore concentrate to this complex 
are slurry pipeline and truck transport along the 
Trans Arabian Pipeline highway. Other deposits 
in the basin are even more remote from the pro­
posed fertilizer manufacturing complex. One pos-

sible solution to for these other deposits in the ba­
sin is to explore cooperative joint projects with 
Jordan, which might facilitate development and 
processing of remote deposits, especially those in 
the western portion of "the basin. In the Sanam 
and Thaniyat areas, phosphate rock processing 
facilities in Jordan are much closer by nearly a 
thousand km than any fertilizer manufacturing fa­
cilities that are being considered for development 
in Saudi Arabia. 

There are ore considerations of production for 
the phosphorite deposits of the Sirhan-Turayf Ba­
sin that need to be pursued. These include ways 
to economically beneficiate the phosphate pellets 
from a variety of enclosing matrices, including 
calcite and/or chert matrix. Processes currently 
considered for this beneficiation include crushing 
and flotation. Another difficulty is MgO content. 
Conventional processing techniques in the phos­
phoric acid industry encounter difficulty when 
MgO content of the concentrate are exceeds more 
than about one-half percent. Further processing 
experimentation will have to be conducted to de­
velop ways to beneficiate the high MgO portion 
of the Thaniyat member if it is to be mined. 

Overview/Summary/Conclusion 

Sufficient deposits of phosphorite occur within 
the Sirhan-Turayf Basin to allow the kingdom to 
become a producer of phosphate rock at a level of 
at least several million tons per year. Preliminary 
feasibility studies have been completed for the 
deposit at A! Jalamid, which is estimated to be able 
to sustain production of 4.5 Mt per year of phos­
phate rock with an average grade of 20 percent 
P20 S' Phosphatic concentrate, after transport by 
truck or slurry pipeline to A! Jubayl, a port city on 
the Persian Gulf, would be processed into phos­
phoric acid then into diammonium phosphate fer­
tilizer. The markets for product would include both 
domestic agricultural need and to export, with the 
latter occurring principally into Asian countries. 
Other phosphorite deposits within the basin are 
potentially minable, especially those at Umm 
Wual. 
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Area Member Reserves, Mt Indicated Inferred Average Average 
Resources, Resources, P20S Grade, Strip Ratio 
Mt Mt % 

Thaniyat Thaniyat 160 21.5 18:1 
UmmWual Arqah 942 18.7 <10:1 
AlAmud Arqah 800 <20 14:1 
Jalamid Thaniyat 1000 20 <3:1 
Total 160 1942 800 

Table 1. Commodity resource estimates of phosphate rock deposits in the Sirhan-Turayf basin, 
Kingdom of Saudi Arabia (modified after Riddler and others, 1990). 
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Figure 1. Location map of phosphate rock deposits in the Sirhan-Turayf basin, Kingdom of Saudi 
Arabia (modified after Riddler and others, 1990). 
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Figure 2. Stratigraphy of strata including phosphatic members in the Sirhan-Turayf basin, Kingdom of 
Saudi Arabia (modified after Riddler and others, 1990). 
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