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GEOLOGY AND PHOSPHATE RESOURCES OF

THE HAWLEY CREEK AREA, LEMHI COUNTY, IDAHO

By Peter Oberlindacher and R. David Hovland

ABSTRACT

Phosphate resources occur within the Retort Phosphatic Shale Member
of the Permian Phosphoria Formation in the Hawley Creek area, near Leadore,
in east-central Idaho. About 12 square miles (31 km2) of the Retort Member
and enclosing rocks were mapped at a scale of 1:12,000 to evaluate the
leasable Federal mineral resources. The Retort has an average thickness
of 73 feet (22.3 m) and 12.9 linear miles (20.8 linear km) of outcrop
within the area mapped.

Rock samples taken fram a bulldozer trench were analyzed for phosphate
content and for minor trace elements. Analyses show a cumulative thickness
of 8.7 feet (2.7 m) of medium—grade phosphate rock (24 to 31 percent PyOsg)
and 33.4 feet (10.2 m) of low-grade phosphate rock (16 to 24 percent Py0s).
Minor elements in the Retort include uranium, vanadium, fluorine, cadmium,
chromium, nickel, molybdenum, silver, and rare earths. These minor elements
are potential byproducts of any future phosphate production in the Hawley
Creek area. In addition, analyses of six phosphate rock samples taken from
a prospect trench show a cumulative thickness of 14.9 ft (4.5 m) at 17.6
percent PyOsg.

Indicated phosphate resources are calculated for phosphate beds under
less than 600 feet (183.0 m) of overburden. Approximately 36.5 feet (1l.1 m),
representing 50 percent of the total Retort Member, were measured in trench
CP~-71. There are 80.42 million short tons (72.96 million metric tons) of
medium-grade phosphate rock, and 308.76 million short tons (280.10 million
metric tons) of low-grade phosphate rock in the Retort Member within the map
area. Because the thickness and grade of the phosphate beds for each block
are based on the recovered section from CP-71, the calculated phosphate
resource estimates represent a minimum.

Other mineral resources in the area are thorium (35 ppm) in a Precambrian
(?) granite body located immediately west of the Hawley Creek area; oil and
gas accumulations may occur beneath the Medicine Lodge thrust system in this
part of the Beaverhead Mountains.

Paleozoic, Mesozoic, and Cenozoic rocks are present in the Hawley Creek
area. Fold axes and thrust faults have a dominant northwest trend. These
thrusts and folds are probably associated with the northeast-oriented stress
field that existed in Late Cretaceous time. Evidence of younger, high—-angle
normal and reverse faults in the area also exists.



INTRODUCTION

The purpose of this field investigation was to determine the thickness,
lateral continuity, and grade of phosphate-bearing units within the Retort
Phosphatic Shale Member of the Permian Phosphoria Formation in the Hawley
Creek area, east-central Idaho. The geologic investigation of the phosphate
resources is part of the U.S. Geological Survey's ongoing program to classify
and to evaluate leasable mineral resources on Federal lands.

The Hawley Creek area (pl. 1) is about 8 miles (12.9 km) east of Leadore,
Lemhi County, east-central Idaho. The map area lies in the Beaverhead
Mountains, part of the Bitterroot Range within the Northern Rocky Mountain
province. Elevations range from 6,500 feet (1,982.5 m) along Hawley Creek to
10,125 feet (3,088.0 m) north of Dry Canyon.

This report presents a geologic map and description of the phosphate
resources, measured stratigraphic sections and chemical analyses from two
trenches cut across a part of the Retort Phosphatic Shale Member, a structure
contour map of the Retort Member, indicated phosphate resource calculations,
and a discussion of other potential mineral resources.
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PREVIOUS INVESTIGATIONS

In the early 1950s, C.P. Ross (in Cressman, 1954) reported phosphatic
float along Hawley Creek 9 miles (14.5 km) east of Leadore, Idaho. Cressman
(1954) confirmed "the presence of float of high-grade phosphate rock and bedded
chert very similar in appearance to the Rex chert member of the Phosphoria."

On the basis of a section measured at the surface, Cressman concluded that "the
Phosphoria consists of about 700 feet of cherty dolomite overlain by 150 feet
of bedded chert. Phosphate rock occurs at two horizons, one 80 feet below

the bedded chert and the other 140 feet below the chert. The phosphatic zones
are very poorly exposed, but the amount of high-grade phosphate rock in the
float suggests the possibility of a mineable thickness of phosphate.”



Cressman's (1954) measured section of the Phosphoria Formation was
incorporated by McKelvey and others (1959, pl. 3) into a composite correlation
diagram of the Phosphoria Formation. The correlation diagram showed the
following units: the Meade Peak Phosphatic Shale, Rex Chert, cherty shale,
and Tosi Chert Members of the Phosphoria Formation, and the Grandeur and
Franson Tongues of the Park City Formation.

The surface section measured by Cressman in 1954 at Hawley Creek was
revised and published by Cressman and Swanson (1964, p. 558). Their
stratigraphic section shows a phosphorite bed 0.4 feet (0.1 m) thick, overlain
by a covered interval 78 feet (23.8 m) thick. This phosphorite bed, about 79
feet (24.1 m) below the Tosi Chert Member was referred to as the Retort
Phosphatic Shale Member of the Phosphoria Formation. A covered interval, 8
feet (2.4 m) thick and about 140 feet (42.7 m) below the overlying Tosi Chert
Member, is shown in the stratigraphic position where Cressman had previously
reported a lower phosphate unit. Neither the Meade Peak nor the overlying
Rex Chert Member is shown in the revised section.

Lucchitta (1966) mapped, at a scale of 1:30,700, the northern two-thirds
of the Morrison Lake 15-minute topographic quadrangle, including the Hawley
Creek area. She mapped the Tosi Chert Member of the Phosphoria Formation
as a seperate unit but combined the underlying Retort Phosphatic Shale Member
of the Phosphoria Formation with the Park City Formation.

Studies by Scholten (1957) and Ruppel (1976) have also contributed to
establishing a regional, structural and stratigraphic framework for the Hawley
Creek area.

FIELD INVESTIGATIONS

A reconnaissance of the Hawley Creek area in June 1976 was followed by a
3-week sampling and selected mapping program in August 1976. We collected
phosphate samples of the Retort Phosphatic Shale Member from a bulldozer trench
(CP-71) in sec. 24, T. 16 N., R. 27 E., and also from an existing prospect
trench (CP~72) in sec. 36, T. 16 N., R. 27 E., (pl. 1).

During July and August 1977, assisted by William C. Burkett, we mapped the
Retort Phosphatic Shale Member and enclosing rocks at a scale of 1:12,000.

The procedures applied to the excavation and sampling of trench CP-~71 are
summarized as follows. The main trench was cut to a length of 200 feet (61.0 m)
and to a maximum depth of 14 feet (4.3 m). A second, parallel trench, 70 feet
(21.4 m) long, was cut 10 feet (3.1 m) to the east. The second trench exposed
the lower part of the Retort Member and underlying Park City Formation. Both
trenches were cut perpendicular to the strike of bedding to expose true bedding
thickness. Trench CP-71 was backfilled and the top soil replaced upon
completion of the sampling.



Samples were recovered fram the lower and middle parts of the Retort
Member in trench CP-71. Procedures for sampling and rock descriptions are
similar to those by Gere and others (1966), and by Cressman and Swanson (1964).
Approximately 10 feet (3.1 m) of the middle section of the Retort Member is
faulted out by a high-angle reverse fault. The amount of missing section is
based on the average thickness of the Retort Member, determined from three
measured surface sections. The upper beds of the Retort Member in trench
CP-71 are deeply weathered, and could not be sampled.

Seven pits were hand-dug across the Retort Member in an existing prospect
trench (CP~72). The maximum depth of the pits is about 3 feet (0.9 m).

The detailed stratigraphic sections for sample sites CP-71 and CP-72 with
the composition and P05 content of each measured rock unit are shown in
table 1 and table 2, respectively. A columnar section of the Retort Member
fram CP-71 and CP-72 is shown on plate 2.

GENERAL STRATIGRAPHY AND STRUCTURE

Paleozoic, Mesozoic and Cenozoic age rocks are present in the mapped
Hawley Creek area. The namenclature and correlation of the mapped formations
have been developed and summarized by Cressman (1954), McKelvey and Carswell
(1956), McKelvey and others (1959), Cressman and Swanson (1964), Lucchitta
(1966), and by Ruppel (1976).

The oldest formation exposed in the map area is the Kinnikinic Quartzite
of Ordovician age. The formation is exposed in the southern part of the mapped
area north of Dry Creek along the west side of a thrust fault. The Kinnikinic,
a fine-grained white quartzite, forms a massive cliff along the thrust contact.
The Kinnikinic Quartzite was described in detail by Lucchitta (1966, p. 26).

The next youngest unit mapped is the Quadrant Formation of Pennsylvanian
age. The base of the formation is not exposed. The top is gradational with
the overlying Park City Formation. Lucchitta (1966) divides the formation
into three members. A lower member about 200 feet (61.0 m) thick consists of
quartzite interbedded with sandy limestone. The middle member, about 720 feet
(219.6 m) thick, contains sandy and cherty limestone and calcareous quartzite
interbeds near the top. The upper member includes calcareous quartzite,
interbedded with sandy dolamite and subordinate limestone.

The overlying Park City Formation of Permian age consists of thickbedded
dolomite with limestone and chert interbeds. Sandy dolomite and sandstone
units are abundant near the top of the formation. The formation is about 630
feet (192 m) thick in the map area.

Samples Pc-1 through Pc-4 from the uppermost part of the Park City
Formation consist of silty and sandy dolomite and silty sandstone (table 1).
According to McKelvey and others (1959, p. 19), the Franson Tongue is difficult
to distinguish from the Grandeur Member of the Park City Formation where the
Meade Peak and Rex Chert Members of the Phosphoria Formation are absent.



Until the regional stratigraphic relationships are studied in detail the thick
carbonate, sandstone, and chert units between the Retort Meamber of the
Phosphoria Formation and the underlying Quadrant Formation are referred to as
the Park City Formation, undivided.

The Permian Phosphoria Formation conformably overlies the Park City
Formation. Both the Retort Phosphatic Shale and the overlying Tosi Chert
Members are recognized and mapped. The Meade Peak and the Rex Chert Members
are not recognized in the map area. The Retort Phosphatic Shale Member was
named by Swanson in McKelvey and others (1959) after Retort Mountain located
about 10 air miles (16.1 km) south of Dillon, Mont., and 35 air miles (56.4 km)
northeast of Hawley Creek. At the type locality, the Retort is 60 feet (18.3 m)
thick. At Big Sheep Canyon, 21 miles (33.8 km) due east of Hawley Creek, the
Retort is 83 feet (25.3 m) thick. the member is about 73 feet (22.3 m) thick
in the Hawley Creek area, consisting of silty and argillaceous phosphorite,
phosphatic siltstone and phosphatic mudstone, dolomitic sandstone, sandy
dolomite, and minor chert interbeds. Rip-up phosphorite clasts, angular to
subrounded, in a silty sand or mudstone matrix are in samples Rt-10, Rt-11,
and Rt-12, of trench CP-71. Similar rip-up phosphorite clasts are recognized
in a surface phosphate section measured at Snaky Canyon in the southern
Beaverhead Mountains (Oberlindacher and Hovland, 1976, unpub. data).

The Retort Member is poorly exposed but forms a distinct swale between
the more resistant underlying Park City Formation and the overlying Tosi Chert
Member of the Phosphoria Formation.

On his initial visit to the Hawley Creek area in 1954, Cressman reported
that the bedded chert above the high—-grade phosphate rock was "similar in
appearance to the Rex chert member of the Phosphoria," but in the published
measured surface section of the Hawley Creek area (Cressman and Swanson, 1964),
the Rex Chert Member is not mentioned. The measured section shows only the
Retort and the overlying Tosi Chert Members. The Tosi according to Cressman
(1954) is about 147 feet (44.8 m) thick. In the map area, the thickness of
the member ranges from 152 feet (46.3 m) to 283 feet (86.3 m). The member is
a dark—gray, hard to very hard, thick-bedded ledge-forming unit, with sandy
chert lenses and fine-grained brownish sandstone interbeds. The contact
between the Tosi and the underlying Retort was not exposed in trenches
CP-71 or CP-72. A 2-foot-thick chert and cherty shaly siltstone unit was
exposed in a hand-dug trench above CP-72 near the contact between the Retort
and the overlying cliff-forming Tosi. The chert and cherty shaly siltstone
unit between the Retort and Tosi Members are estimated not to exceed 4 feet
(1.2 m) in thickness. The beds are mapped as part of the Retort.

Much of the mapped area is underlain by the Lower Triassic Dinwoody
Formation. The basal part of the formation which overlies the Tosi Chert
Member consists of shaly and fissile siltstone, yellow-tan to light brown in
color, with minor beds of fossiliferous limestone that weather to a distinctive
brownish gray. Higher up in the section, limestone beds and interbedded
calcareous siltstone become more abundant. What is recognized as the upper
part of the Dinwoody Formation in this area may actually include beds of the
younger Thaynes Formation. The Meekoceras-bearing limestone that marks the
base of the Thaynes Formation was not recognized in the field.



Lucchitta (1966, p. 70) estimated the thickness of the Dinwoody Formation
to be at least 1,000 feet (305.0 m). The formation forms smooth grass—covered
slopes and hills. Exposures are few and discontinuous. A good exposure of
the Dinwoody and underlying Phosphoria formations is along the west boundary
of sec. 30, T. 16 N., R. 28 E. The contact with the underlying Phosphoria
Formation is conformable.

Tertiary volcanic rocks unconformably overlie the Triassic and older
rocks. The volcanic rocks mapped range fram andesites to basaltic rocks
varying in color from gray to grayish pink. Lucchitta (1966, p. 75) described
the volcanic rock sequence in greater detail. The surficial deposits that we
mapped include undifferentiated colluvium, terrace and fan deposits, older
alluvium, and landslide and talus deposits of Quaternary age. Probable glacial
lateral moraine deposits east of Wheetip Creek are also mapped as surficial
deposits. Younger Quaternary alluvium is confined to the Hawley Creek, the
Rocky Canyon, and the Little Bear Creek drainages.

The Beaverhead Mountains consist of folded and faulted Precambrian,
Paleozoic, and younger rocks. Lucchitta (1966) suggested that a northeast-
oriented compressional stress field at the end of the Cretaceous Period produced
a series of folds within a regional anticlinorium. Continued northeast
compression eventually forced Precambrian and lower Paleozoic rocks to yield
in northwest-striking thrust faults, the most praminent one for this area
being the Hawley Creek thrust fault along the western boundary of the map area.
area.

The main trace of the Medicine Lodge fault system extends northward across
the Beaverhead Mountains. Ruppel (1976) considered the Mississippian,
Pennsylvanian, Permian, and Triassic rocks in the Hawley Creek area to be an
anomalous group of rocks that does not fit the local stratigraphic framework.
The mapped formations are considered to be part of a formmer-stratified
lower plate that became incorporated in the upper plate as thrust slices.
Movement along this thrust fault system may have been as much as 100 miles
(161.0 km) northeastward. Paleozoic and Mesozoic rocks in front of the thrust
faults are campressed and deformed into asymmetric and overturned folds. A
prominent set of folds is developed north of Hawley Creek Canyon and also in
the Dry Canyon area. The folds are broken by a series of minor faults trending
parallel or oblique to the fold axes, and by several faults perpendicular to
the fold axes. A major northeast-trending high-angle fault with a strike-slip
component follows Rocky Canyon. The vertical displacement along the fault
is 1,400 feet (427.0 m). Another northeast-trending high-angle fault north of
Dry Canyon has a relative displacement of 900 feet (274.5 m). The fault
could not be traced much beyond the saddle west of Peak 9028T. The mapped
contacts between formations north of the saddle are conformable.

PHOSPHATE RESOURCES

Phosphate is the most significant mineral resource in the Hawley Creek
area. The phosphate occurs in the Retort Phosphatic Shale Member as oolites
and pellets (less than 2 mm in diameter), nodules (larger than 2 mm in
diameter), and as cementing material concentrated in dark-gray laminae. The




phosphate mineral is a variety of apatite called carbonate fluorapatite.
The composition of apatite in the Retort Member at Hawley Creek is discussed
by Kuniyoshi, (1978, unpublished data).

Approximately 12.9 miles (20.8 km) of the Retort Member crop out within
the mapped area. Indicated phosphate resources are calculated for phosphate
beds under less than 600 feet (183.0 m) of overburden. The total tonnage of
phosphate resources in the area is the sum of values calculated within 44
seperate blocks that isolate areas of similar structural configuration (pl.
3). ZApproximately 36.5 feet (11l.1 m), representing 50 percent of the total
Retort member, were recovered from trench CP-71. Because the thickness and
grade of the phosphate beds for each block are based on the recovered section
from CP-71, the calculated phosphate resource estimates represent a minimum.

Because phosphate beds sampled in trenches CP-71 and CP-72 are weathered,
the PyO5 analyses may not be fully representative of the unweathered part
of the Retort at depth. P05 analyses of weathered phosphate beds have been
found to be slightly higher (due to the removal by leaching of carbonate
minerals and organic matter) when compared to underlying unweathered phosphate
rock (McKelvey and Carswell, 1956, p. 485).

Analyses from trench CP-71 show that cumulative thicknesses of interbeds
of medium- and low-grade phosphate beds range as follows: medium grade (24 to
31 percent Py05), 8.7 feet (2.7 m); and low grade (16 to 24 percent Py0Osg),
33.4 feet (10.2 m). Each phosphate bed was used only once for calculating any
one-grade cutoff, but the same bed may have been averaged with adjacent beds
for the different grades shown.

The amount of the phosphate resource in each block was calculated in a
manner similar to the method used by Montgomery and Cheney (1967, p. 41). The
volume of the phosphate resource in a block is determined by multiplying the
true area by the cumulative thickness at low and medium phosphate grades. The
true area is the planimetered map surface area multiplied by the secant of the
average dip angle for the block.

The density of phosphate beds varies with percent PpO5. An average
density of 2.52 metric tons per cubic meter is applied to convert the volume
of phosphate resources to metric tons. This average density value takes into
consideration both weathered rock under less than 300 feet (91.5 m) and
unweathered rock down to 600 feet (183.0 m) or less of overburden. This
average density value is derived from the density values listed in the table
below.

GRADE DENSITY (Metric tons/m3)

Percent Py0g Weathered phosphate rock Unweathered phosphate rock
24-31 2.39% 2.64%
16-24 2,47%* 2.56*

* From Gulbrandsen (oral commun., 1978).
** From Service and Popoff (1964, p. 4).




A total of 80.42 million short tons (72.96 million metric tons) of
medium-grade phosphate rock, and 308.76 million short tons (280.10 million
metric tons) of low-grade phosphate rock are calculated for the Retort within
the mapped area (table 3).

Minor elements including fluorine, uranium, vanadium, cadmium, chromium,
nickel, molybdenum, silver, and rare earths are concentrated in the Retort
Member (Kuniyoshi 1978, unpublished data). These minor elements are potential
byproducts of phosphate production in the Hawley Creek area.

A large part of the Hawley Creek area is currently (1979) under Federal
phosphate prospecting-permit applications.

OTHER MINERAL RESOURCES

A study by Staatz, Bunker, and Bush (1972) described some localized
concentrations of 100 ppm thorium in small zones and fractures within the
Precambrian (?) granite body immediately west of the subject area. The
average thorium content of this granite body is about 35 ppm, too low to be
a source of thorium in the near future (Staatz, Bunker, and Bush, 1972, p.
B55).

Ruppel (1976, p. 20) suggested that Paleozoic and Mesozoic sedimentary
rocks, including both source and reservoir rocks favorable for the accumulation
of petroleum and natural gas, are concealed by the Medicine Lodge thrust system
in east-central Idaho. According to Ruppel (oral commun., Feb. 16, 1977),
Hawley Creek is the approximate northern boundary of these autochthonous
Paleozoic and Mesozoic rocks in the Beaverhead Mountains.

REFERENCES CITED

Cressman, E. R., 1954, The Phosphoria formation in north - central Idaho, in
Geologic investigations of radioactive deposits, semi-annual progress
report, June 1 to November 30, 1954: U.S. Geological Survey Trace
Elements Investigations Report 490, p. 191.

Cressman, E. R., and Swanson, R. W., 1964, Stratigraphy and petrology of the
Permian rocks of southwestern Montana: U.S. Geological Survey
Professional Paper 313-C, p. 275-569.

Gere, W. C., Schell, E. M., and Moore, K. P., 1966, Stratigraphic sections and
phosphate analyses of Permian rocks in the Teton Range and parts of the
Snake River and Gros Ventre Ranges, Idaho and Wyoming: U.S. Geological
Survey Open-File Report, 71 p.

Goddard, E. N., chm., and others, 1948, Rock-Color Chart: National Research
Council; reprinted by Geological Society of America, 1951, 1963, 1970, 6 p.

Lucchitta, B. K., 1966, Structure of the Hawley Creek area, Idaho-Montana:
University Park, Pa., Pennsylvania State Univ. unpub. Ph.D. thesis, 204 p.



McKelvey, V. E., and Carswell, L. D., 1956, Uranium in the Phosphoria formation,
in Page, L. R., Stocking H. E., and Smith, H. B., compilers, Contributions
to the geology of uranium and thorium by the United States Geological
Survey and Atomic Energy Commission for the United Nations International
Conference on Peaceful Uses of Atomic Energy, Geneva, Switzerland, 1955:
U.S. Geological Survey Professional Paper 300, p. 483-487.

McKelvey, V. E., Williams, J. Steele, Sheldon, R. P., Cressman, E. R., Cheney,
T. M., and Swanson, R. W., 1959, The Phosphoria, Park City, and Shedhorn
formations in the western phosphate field: U.S. Geological Survey
Professional Paper 313-A, 47 p.

Montgomery, K. M., and Cheney, T. M., 1967, Geology of the Stewart Flat
Quadrangle Caribou County, Idaho: U.S. Geological Survey Bulletin 1217,
63 p.

Munsell Color, 1975, Munsell Soil Color Charts: Kollmorgen Corporation,
Baltimore, Maryland, 17 p.

Ruppel, E. T., 1976, Medicine Lodge thrust system, east-central Idaho and
southwest Montana: U.S. Geological Survey Open-File Report 76-366, 25 p.

Scholten, Robert, 1957, Paleozoic evolution of the geosynclinal margin north
of the Snake River Plain, Idaho-Montana: Geological Society of America
Bulletin, v. 68, no. 2, p. 151-170.

Service, A. L., and Popoff, C. C., 1964, An evaluation of the western phosphate
industry and its resources, Part 1l: U.S. Bureau of Mines, Report of
Investigations 6485, 86 p.

Shapiro, Leonard, 1975, Rapid analysis of silicate, carbonate, and phosphate
rocks [rev. ed.]: U.S. Geological Survey Bulletin 1401, 76 p.

Staatz, M. H., Bunker, C. M., and Bush, C. A., 1972, Thorium distribution
in a granite stock near Bull Canyon, Lemhi County, Idaho, in Geological

Survey Research 1972: U.S. Geological Survey Professional Paper 800-B,
po B51"B56.



*3a9Yo> pue a31aoydsoyd fsu0lSITIS
Apues ‘suojlspues orjeydsoyd Jo 3sTsuod satdures
JeoTd °*(dsdSp 31 7 ueyl SSOT SaydusIl bnp-puey
- MOTTRYUS TRISASS WOAF POIOSTTOD SITAURS)  :paIdACD (8°L) L*°ST SCc-¥d 6C-TL—dD

uotjeuwrog eraoydsoyq JO Isquel STRUS o13jeydsoyd 31039y

*3eO0TF suUOjspues pue suojlspues
— A319Uo Swos Y3ITM JLOTT I9YD AT3ueutwopsad  :pSISAC) (90°L) pr°ce T-aL 0€-TL-dD

*butppeq 03 [arTeaed pue aetnotpusdaad
POIUSTIO 9IB SISTUISA SNOSDITIS *sooejans jurol
PUOTE SOPTSUSYDTITS SWOS ‘S-N PoJUSIIO ST 39S
jueutwop ‘burppsq 03 aeinoTpuadsad aae yjoq {s3ss
Jurol oM], °SBUOZ DIISPTOO0I( POID3]3LDS JOoUTW pue
/SUTP]S 9PIXO S UITM SPagaSjul suojlspues paureab
SUIJ pup SasSUST 3I9UD Apubs UTY] SWOS SUTLIUOCO
{pappag-32TyY3 AI9A ‘3Tun BuTWIOI-SHPaT ‘9T33TIq
€T°0 ‘paey Axda 03 paey ‘(0/y & §°7) Keab-yiep :3a9yD (+6°02) +G°89 Z-aL TE-TL-dD

(pesodxa jou doj) uorjewrog eraoydsoyd Jo Iaqueil IIYD TSAL

(3uaoaad) uotadraosag (ur) 33 *ON *ON
SoCa SSaWPTYL 3TUn a1dures

[(SL6T) ‘I0TOD TTOSUNW)

s3aey) I0T0D TTOS TTasuni 3yl 4Aq psjuswerddns ‘/(8H6T ‘PAepPpoD) T[TOUNOD Ydaeassy TeuoTieN ayl Aq painqriaisip
w3TYD IOTOD-3O0Y, 9U3l UITM uostaedwoo AQ POUTULIDIDP OdaM SI0TOD °*(GLET) oardeys Aq paqraosap se poyizsu
Juorantos atburs, ay3 buisn ‘yA ‘uolsay ‘Aoaang TeOTPOTOSH °*S°n ‘YITWS °*H pue ‘Isuurys °N &q Sold 103
pozATeuy *9/6T ISNONY UT PURTAOH °d °*Y¥ pPue Jayoepullaaqp °*d Aq (doj o3 aseq woiaJ) pPaqIIAOSapP pue paansesi
*oansodxs Teanjeu WolJ PSCIIOSSp pue paiansesul 91aM UOTIeurtog A1) JIed pPSpPTAIpun 9yl Jo 3aed aaddn pue
uoT3euIo] eraoydsoyd aYy3l Jo IAsquel 3IASY TSAL dY3F {°F LZ ¥ ‘°N 9T L ‘¥z *O9s ‘§/IMN ¥/TdS Syl Ur yousil
I9ZOpTINg B UTl PIQIIOSSp pue painsesw Sem uorjeurtog eraoydsoyd ayl Jo Ioquel 9T1eys o13eydsoyg 310399 9YL]

OHVAI ‘VAdV MEHID XIIMVH ‘TL-dD HONTIL HINON - MITID
XIIMYH WOUd STIAWYS JO SHSATUNY S0Cd ANV NOLLOAS OIHAVRDILWIILS —°T JIaVL

10



L°6C

T°¥C

A3

6°0¢t

€°CT

*PIPPI-UTY3 ‘paey-unTpsu
(y/G ¥X 0T) WMOag-UsTMOTTDA-3easpoul /SU03S3ITTS
poppaqIsluT pue (1/p ¥K 0T) Aeab-ystumoaq :a31aoydsoyd

*SUTE]S SPTXO 9 auwos ‘psppag-utyl

13708 (/S ¥A OT) UMOIG-USTMOTToK-93BI9pols

03 ‘(2/F ¥X G*Z) poa-xeam ‘spaqasjur d3raoydsoyd
JeutueT Y3jTM  :2uo3spnp pue ‘A3T1s ‘o3taoydsoyd

*BUOT 37 T INOQR ST SUST *PSPPSQ-3POTYR ‘paey O3
prey-untpaw ‘(T/p ¥& OT) Aeab-ystumolaq :SUST 3TWOTQ

*30R3U0D JISMOT 2A0Qe 33 §°( ST pue
3OTYI 3F £°0 ST 3ITun suojzspnu oTjeydsoyq *surels
SPTXO 97 |MWOS ‘poppag-3OTU3 O3 UTy3 ‘paey-untpau
03 3JOs ‘DT3TTOO ‘pajeurure] ‘sucyspnu dr3eydsoyd
pue ‘DTI3TT0O ‘(T/¥ ¥X 0T) Aeab-ystumoaq :a31aoydsoyd

saqeurxoadde ssowPTyYy ‘APOTq pur
‘poppag-3oTy3 ‘paey ‘or3tueyde ‘(T/€ ¥X OT)
Aeab-ystumoaq ‘orzeydsoyd ‘or3jTWOTOP ‘Sucysphu
e 03 dn Burpeab psq 3A9YD UTY} B AQ UTRTIDAO0
3PTYI 3T L°T ‘POPPSQ-UTY3 ‘3JOS !9seq Jesu
Spagaa3ul ABTO JOUTW SUTRIUO) *SUTEIS SPTXO
84 JWos (/G ¥X 0T) UMOAG-USTMOTTSA-93BIapoul
‘paxsyzeam ‘otjeydsoyd ‘O13TWOTOP :9UOYSITIS

pSnUTIUC) - uoTIeuwrog eraoydsoyd JO ISURK 3Teys oTieydsoyd IA0IN

(z*0)

(L°0)

(¥°0)

(,°0)

(¢°D)

9°0

[AX4

(AN

(A4

6°¢

0z-¥1

1234

A4

€3

y¢-3g

pZ-1L—dO

SZ-TL—dD

9¢-T1L—dD

LZ-TL—=dD

8¢-1L-dD

(3usox=d)
Sotq

uot3draosag

()

37

SSOWOTYL

ooz
3Tun

*ON
oTdureg

pPeNUTIUC) — OHWII VANV MIZY) AFIMVH ‘T/-dO HONHMIL HIMON - MHTID

ATIMVH WOMd STTAWYS JO SASATYNY SO0¢d ANV NOILLOES OIHAVDLIVGLS —*T TI9VL

11



‘buT3ITNRI JOUIW °SUTRIS SPIXO

94 pue SuoTjeUTWRT OT3jeydsoyd awos sSuoTSNTOUT 3I9YD
poasyjeam oS ‘snosoruoqied ‘ssuetd burppaq buoTe
SPUT3L0D 93TOTED ‘pAey-untpau /(g/g ¥X 0T) umoag-oTed
‘3UOC3S31TTIS Apues SUIJ O3 SUO3IS]ITIS WoaJ paemdn sapein
*30ejU0D IaMOT e dT3eydsoyd ATIYGITS ‘(Z/F ¥X OT)

12T uMoIq-ysTMOTTa4-3Iep ‘dr3eydsoyd ‘OIFTWOTOP :dUOISITIS ($£°T) 4S6°S ST-W 6 T-TL~dD
*BUTSSTW UOT}O9S
JO 37 0T INOge ‘TedIiadA ‘pudil I o09 N ‘3ITned
*HUT3TNRI JOUTW PUR SUTR]S SPIXO 3 awos ‘LyooT1q
‘pean3oeay ‘psppag—yoTyl O3 UTY} ‘prey-untpsu
‘(1/2 ¥& 0T) ¥oeTg-ysTuMoaq o3 (Z/y ¥X 0T) umoaq
iAVA ~YSTMOTTA-3aep ‘OrjTworop ‘Apues ‘A3TTs :93Taouydsoyg (49°0) +1°C 9T-M 02-TL=dD
*POPPag-UTY3 ‘3JOS ‘surels apTX0 a1 (9/5 ¥X
G°Z) POI PITM ‘(§/L ¥K 0T) Sbueao-ystheadb ‘sssust
6°S snosdeuoqied ‘drjeydsoyd ATIUYSTTS spaq awWOS  :3UOYSPNW (90°0) 120 LT-3Y TZ-TL-dD
*30P3U0D ISMOT TeuOI}epeab /30v3U0d
aaddn dieys csoTnpou 931aoydsoyd snosoeuogaed
SWOs ‘pappad-uUIyl ‘pIey-untpsul ‘psjeurureT
‘suTe}s 9pPTXO 31 (9/G ¥X §°Z) PO AWOS YITM
Z°6T ‘(¢/L ¥X 0T) umoaq oTed Axea ‘Apues ‘A3TTs :83TI0YdSOUd (91°0) ¥S°0 8T-W ZT-TL-dD
*s3se1o o3eydsoyd
poyaomaa pue ‘saanjoeay buoTe sbna psTTTI-931O0TED
TTeWws ‘surels 93TUOCWIT ‘pPsppagd-3OIul ‘paey Aisa 03
v°82 paey ‘OTITTOO ‘(1/¢ ¥X 01) Aeab-ystumoaq :a3raoydsoyd (z°0) L0 6T-1 €2-TL=dD
psnurjuo) - uorjeurod eraoydsoyd JO JoquURW STeyS OT13eydsoyd 3IA03sy
(3usnaad) uot3draosaq (ur) 13 *ON “ON
Sotq SSaWOTYL 3TUn a1dures

pSnuUTlUOD - OHWAI ‘VHIVY MEFYD AATIMVH ‘TL-dD HONTIL HIMON - MAMID

AIIMVH WOYd STIAWYS JO SASATUNY S0Cd ANV NOILOAS DIHAVOIIVIIS —°T ATdYL

12



8L

Z°9¢

0°¢tT

€°6

*TeuoT3EPRIb joRjUOD JMOT ‘ (papunoagqns o3 Jenbueqns)
‘3939urRTP UT *UT Z 3NOge axe siasero a31aoydsoyd Aeab
MIep ‘3OTY3 *UT Z Se Yyonw SB aie SUTWE] SNOSDRUOQIRD
{(surels 9pPIXO 9 pPo1 SWOS) DUOISITIS Apues
‘¢ot3eydsoyd ‘snosoeuoqaed B 03 paemdn sapeirn *(g£/S
¥X 0T) umoag-ystppai-aTed o3 sasyzeam ‘(y/S ¥x 0OT)
uMoaq-ysImoT [9A-o3easpou ‘Apues ‘orjeydsoyd :9U0ISITIS (¢s°0) 08°'T

*suolshe1d (p/€ ¥X G'L) umoag-d3easpou ST 3F G0°0
Jsoursddn *burturels SPIXO 91 (8/F WA G°Z) P91 awog
*S9T]TARD UOTINTOS UT pue sjutol buore sburjzeoo
33TOTeD Y3TM ‘pOppag-3OTyl ‘pPaey-unipsul {XTIjeu
auojspues A3TIS B ur ‘(I=9jaweIp ur um 0T o3 dn
pepunoagqns o3 aeTnbue) s3seTd o3T1aoydsoyd pasaomaa
swos YITM ‘(0/% ¥R G°L) Aeab-saep ‘A3asyo :a31aoydsoud (z°0) S°0

*PIPPSq-3OTU3 03 UIy3 ‘paey-unipsu
‘30e3quoo aaddn e YOTY3 3T GO°0 URYUZ SSOT auoz Aerd
‘butuTe]}s 9PIXO 9 SwWos ‘suojzspnu 03 paemdn saprRIH
*SeUTWET OTY3 Wl €-Z Y3TM S3seTd dryeydsoud

Aos ‘(g/q ¥X 0T) umoag-oTed ‘or3eydsoyd :2uUOISPNN (9°0) 6°1

*burymes aoutw Swos
‘sbna pue s39TUISA 93TI0TRO ‘¢s3yseTd a3t1aoydsoyd
1sPbuT3P00 93TUOWIT SWOS ‘poppag-yOTys AI9A ‘paey
03 paey-untpau ‘(9/9 ¥x G°L) dbueao-o3easpou
13u03S3TTS Apues U3IM ‘pajerooaaq ‘A3asyo _ _
‘(0/G 94X G°L) Keab untpsw ‘orjeydsoud :3uU03SITIS (+0L°0) £°C

panuUT3uUC) - UoT3EWIoi eraoydsoyd JO ISqUBl STeUS OT13eydsoyd 3I1033g

-3

(A2}

€T-

AR

ST-TL—dD

9T-TL-dD

LT-TL-dD

8T-T4—dO

(quaoaad) uotadraosaq (ur) 33

Soca

SSaWOTY,

‘Oz
31U

*ON
a1dures

pINUTUC) ~ OHWII VIV MAFYD AHIMVH ‘TL-dD HONRRIL HINON - MERRID
ATIMYH WOMd SHTIWYS JO SASATYNY S0¢d ANV NOLIOES OIHAVIDIIVGLS —°T JI4VL

13



*S30p3U0D JaMOT pue aaddn Teuorjepeab
‘oeutueT ¢d31aoydsoyd aep urtyl ‘ANOOTq ‘pPIpPSq-UTyl
‘prey-untpaw ‘(§/% YA 07) UMOIG-USTMOTT24-a3eIS5pou

G*S 03 (€/% ¥A 0T) umoag-ysTtieab ‘OT3TWOTOP :9UOISPNK (z°0) G0

*pIey-untpsu ‘psppeg-utyl ‘(1/¥ WX
0T) Aeab-ystumoaq ‘0131700 ‘©3Taoydsouyd o3 paemdn
sopein *3OTUYI 3IF GZ°0 ‘ST9eTaF ‘3FJos ‘(¥/¥ ¥X 0T1)
G°LTZ UMOIg-USTMOT ToA-93ea9pow ‘snosdeTTIbae :a31aoydsoyq (8°0) G°C

* Teuot3epeab aie s30e3juod JaMOT

pue xoddn ‘peppaq-3oTy} ‘paey-untpau ‘(g/S WA OT)
6°0T umoag-aTed ‘Apues ‘orjeydsoyd ‘OTITWOTOP :SUOISITIS (8°0) N4

*330s ‘peppag-utyi ‘30e3uod
Jaddn Jesu SUO}SPNU POIRSUS pue PITQUILID O3 Sdpein
*seutueT 931aoydsoyd Aeab-yiep UTyl ‘HBurturels spIXo

T°LT 84 pa1 ‘(z/S ¥X 0T) umoag-ared ‘Or3jeydsoyd :8uOISPNW  (S0°0-Z0°0) LI*0-G0°0

*dreys 30L3U0D IaMOT ‘Teuorjepelb 3003U0D
a2ddn ‘sjutol BuoTe SOPITSUSHOTI IS pue SIDTUTDA
93TOTeD ‘pappaq-3oTyl ‘paey AxsA ‘(1/9 ¥X 01)
Aeab-ysTumoag-3ybTT {93TWOTOP A3TIS e 03 paemdn
S9peIH) °*UOTILPIXO S UMOICG-USTPPa1 pue ‘seutweT
9UO3S]TIS pue d3Taoydsoyd urTyl Swos pue ‘OIY3 33
GZ°0 O3 dn S3ISeTO PSYIOMSI PappPaqId3uUT Y3ItM ‘(T/9
T°2T ¥X G) Aeab-ystumoag-3ybr1 ‘or3eydsoyd ‘OrjTWOTOp :3A8YD (1%°0) GE'T

pPSNUT3UC) — UOTjeuod eraoydsoyqd Jo ISquel aTeys dTjeydsoyd 3A03ay

9-3d

L=

8-

0T-H

0T-TL—dD

TTI-TL—-dD

¢T-TL-dO

€T-TL—dO

?T-1,L-dO

(3us0aad) uoT3draosaq (ur) 13
SoCd SSAWOTYL

*ON
ITun

*ON
oTdureg

PSNUTIUCD — OHWII VANV MHTI) AEIMYH ‘T.~d0 HONFYL HINON — MATID
ATIMVH WO¥d SHTIWYS 40 SESATUNY S0Cd ANV NOILOAS JIHARDILVILS -1 IIEVL

14



8°9T

G°ee

6°¢C

9°T¢C

£°T¢

*JI2qUBK TRYS OTIeydsoyd 3033y JO wo3joq
Je peq ojeydsoyd pue JISUYD YOTYI-IF-T0°0 ‘paey
-untpaw ‘9TISSTI ‘(duoz abnob) ‘orzeydsoyd :dUOISPNK

*paq SUO3S3ITIS
MOTUY3I-3I~T°0 B pue ‘pag auolsiTrs orieydsoyd
MOTYI-1I-T°0 © 03 dn sopeab pue ‘paey Aisa
‘3OTY3 33 Z°0 ST paq d3Taoydsoyd DIFTTOO Teseq
*pPappPeg-uTy} ‘paey-unipau 03 paey ‘(z/¢ ¥& 0T) wmoiq
-ystleab-yaep A1oa 03 (/b ¥X 01) Aeab-ystumoiaq
/feTd pue SUO3SITIS ‘SUOISPNU JO SPSCIADIUT SWOS

yatm :ot3eydsoyd ‘suolsiTis pue A3TTS ‘o3r1aoydsoyq

*sbuT31e0D 93TOTED awWOS ‘dr3Tueyde

‘poppad—xoTU3 ‘paey AxsA OTUYI 3T £0°0 uUeyd

SSOT spoq a3eydsoyd pojeurwel ‘STISSTI ‘UTUl UITM

(1/5 ¥X 0T) Aeab-ystumoag-3ybIr o3 (z/9 ¥X 0T)
poa-oTed :Apues ‘93TWOTOQ pue JOIFITWOTOP ‘duolspues

*do3 3je paq as31a0uydsoyd PTYI~II-€°0 ¥

*SUOTIRUTWRT U3 TM pPoppag-UTY] ‘pIey-unipauw ‘dT3T1TOO

‘(1/¢ ¥x 0T) Aeab-ystumoaq o3 (z/¥ ¥X 0T) umoaq
-YSTMOTTA-aep ‘snoooelTibae ‘OrjTwoTop :331aoydsoyd

*pIppag-utTyl ‘OTgeray ‘3jyos ‘(y/v ¥X 0OT)
umMoag-UsIMoT[94-o3eaopou ‘snosdeTTTbhae  :931aoydsoyg

paNUTI3UC) -~ UOTIRUIo] eT1aoydsoyq JOo Iaquel oTeus o13zeydsoyd 3I03ag

(z0°0) S0°0

(v°0) (AN}

(v°0) (AN}

(z°0) 8°0

(LT°0) SG°0

-3

(A X

=3

jamm S|

=¥

G-TL=dD

9-TL—=dD

L-TL-dD

8-TL~dD

6-TL~dD

(3usoaad)
Solq

uoT3ydraosaq

(ur) 3F
SSOWOTYL,

3TUn

*ON
oT1dures

pSNUTIUC) — OHWAI ‘VAIV MIMRID XIIMVH ‘TL-dO HONIYL HIMON - MIHRID
AIIMYH WOMd STTAWYS JO SASATUNY S0Cd ANV NOILOAS OIHAVDIIVILS —°T TIEVL

15



v1°0

I°1

T¢°0

8€°0

*pPaqIIOSOP JOU UOTIOSS ISMOT-TPATSIUT POIDAOD

*sooejans jurol uo sure3s

SPTIXO dsduebuew OTITAPUSP ‘pPoppag-3OTy3 ‘paey

‘(1/9 ¥& 01) Keab-ysTumoagq-3ybIT ‘a3TWOTOP Apues

A3TTIS JO SpPaQIoUT WO °*SuswbeaI U3ool Ieys

awos ‘¢pappag-ssoid ‘Ayerd sasyjeam ‘Iautol obpoT

‘pues suty AIsA ‘poppog-Ulyl ‘paey 03 pIey-unipaw
‘($/9 ¥& 0T) UMOIQ-USTMOTTRA-3UBIT ‘A31Is :auO3ISpues (6°L) 0°92

*Spaq SNOISITITISSOT auwos ‘(T/€ ¥ 0T) Aeab
—ysIppoa-3I1ep ‘suojspues snOUTOHNIIST JO SOSUST pue
‘(1/L 9x ) Keab-aybrT {spsq 231z3aenb UTy3l Swog
*Poppaq OTYI-AIaA O3 OTY3 ‘paey O3 paey-untpau
‘(2/L ¥x §) 3utd sbueio-ystheab o3 (1/L UK S)
Aeab-quybrT 03 (1/9 ¥X 0T) Aeab-ystumoigq-3ybry

: (POPPGISIUT) DTITWOTOP ‘duojyspues pue Apues ‘33TWOTCd (S8°€T) Th°S¥

*sooeTd UT OT3SPTO0Iq
ST 3I9YD {S3OTUTSA pue sburjeod 9310TeD ‘973319
‘prey ‘(0/z X S*) OeTq ‘SITNPOU pue SISUST  :3a3YD (€0°0) 60°0

“37UN
JO wo3joq Jesu suojzspnul snosdruogard /¢otyeudsoyd
AT3UYbITS JO poq ABTNOTIUST OTUI-IF-T°Q0 ¥ °s3jutol
buote sburjeod 9310TEO AIRPPUODIS ‘SUOTIRUTWRT SUTIT
‘pOpPeg-3PTYY ‘paey ‘(T/f ¥X 0T1) Aeab-ystumoaq o3

‘(2/% ¥X 0T) umoaq-ysTMOTTaA-31ep ‘A3TTS :33TWOTA] (05°0) ST

(popTATPUN) uoTjRWAOd AT aed

-°d

AN

€-0d

y-od

T-TL-dD

¢-T1L-dD

€-TL~dD

y-1L-dD

(3usoa=d)
Sotd

uot3idraosag (uz) 33
SSOWOTYL

*ON
ITun

*ON
oTdureg

PSNUTIUCD — OHWI ‘VA¥V MAFYD AFIMYH ‘T/~dD HONZYL HINON ~ MARD
XIIMVH WOMd STTAWYS JO SASATUNY S0Cd GNV NOILOIS JIHAVMOILIVEIS —°T FI6VL

16



TABLE 2.- STRATIGRAPHIC SECTION AND PpOs ANALYSES OF SAMPLES FROM HAWLEY
CREEK TRENCH CP-72, HAWLEY CREEK AREA, IDAHO

[The Retort Phosphatic Shale Member of the Phosphoria Formation was measured
and described from seven hand-dug pits in an existing prospect trench imme-
diately north of Hawley Creek in sec. 36, T. 16 N., R. 27 E. Measured and
described by P. Oberlindacher and R. D. Hovland in June 1976. Analyzed for
PoO5 by R. A. Gulbrandsen, P. Oberlindacher, R. D. Hovland, and S. Kuniyoshi,
U.S. Geological Survey, Menlo Park, CA, using the "single solution" method
as described by Shapiro (1975). Colors were determined by comparison with
the "Rock-Color Chart" distributed by the National Research Council (Goddard,
1948), supplemented by the Munsell Soil Color Charts (Munsell Color, 1975)]

Sample Thickness?i POc
No. ft (m) Description (percent)

Retort Phosphatic Shale Member of Phosphoria Formation

9.6 (2.9) Covered section. -

HC-7 1.3 (0.4) Mudstone, silty, phosphatic, calcareous. 8.0
11.8 (3.6) Covered section. _—

HC-6 4.4 (1.3) Mudstone, silty, phosphatic, dolomitic. 12.9
10.0 (3.1) Covered section. -

HC-5 1.3 (0.4) Phosphorite, silty. 25.3
5.2 (1.6) Covered section. —_—

HC-4 3.1 (0.9) Siltstone, phosphatic. 17.2
HC-3 1.3 (0.4) Siltstone, phosphatic, sandy, dolomitic. 7.3
HC-2 2.6 (0.8) Phosphorite, silty. 27.0
HC-1 .9 (0.3) Phosphorite, oolitic. 32.5
22.5 (6.9) Covered section. -

1Thickness values are approximate because samples were collected within a
zone of surface creep. Total thickness of the Retort Shale in this section
is about 74 ft (22.6 m).
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TABLE 3.-Indicated phosphate resources in the Retort Phosphatic Shale
Member of the Phosphoria Formation, Hawley Creek Area, Idaho

Million Tons
Low Grade Medium Grade
(16 to 24 percent P,0c)2 (24 to 31 percent P,Oc)>

Block Number short (metric short (metric
1 9.99 ( 9.06) 2.60 (2.36)
2 6.35 { 5.76) 1.65 (1.50)
3 9.23 ( 8.37) 2.40 (2.18)
4 6.45 { 5.85) 1.68 (1.52)
5 5.56 ( 5.04) 1.44 (1.31)
6 5.69 ( 5.16) 1.48 (1.34)
7 9.24 ( 8.38) 2.40 (2.18)
8 1.21 ( 1.10) 0.32 (0.29)
9 3.95 ( 3.58) 1.03 (0.93)
10 2.60 { 2.36) 0.67 (0.61)
11 7.05 ( 6.40) 1.84 (1.67)
12 1.97 ( 1.79) 0.52 (0.47)
13 1.37 ( 1.24) 0.35 (0.32)
14 11.68 (10.60) 3.04 (2.76)
15 4.70 ( 4.26) 1.22 (1.11)
16 4,02 ( 3.65) 1.05 (0.95)
17 9.34 ( 8.47) 2.44 (2.21)
18 0.45 ( 0.41) 0.12 (0.11)
19 11.64 (10.56) 3.03 (2.75)
20 3.46 ( 3.14) 0.90 (0.82)
21 27.45 (24.90) 7.20 (6.53)
22 9.87 ( 8.95) 2.57 (2.33)
23 13.47 (12,22) 3.51 (3.18)
24 22.96 (20.83) 5.97 (5.42)
25 7.78 ( 7.06) 2.03 (1.84)
26 2.80 ( 2.54) 0.73 (0.66)
27 5.24 ( 4.75) 1.37 (1.24)
28 9,70 ( 8.80) 2.52 (2.29)
29 12.06 (10.94) 3.14 (2.85)
30 11.32 (10.27) 2.95 (2.68)
31 8.77 ( 7.96) 2.28 (2.07)
32 4.88 ( 4.43) 1.25 (1.13)
33 4.81 ( 4.36) 1.26 (1.14)
34 4.05 ( 3.67) 1.06 (0.96)
35 4.33 ( 3.93) 1.12 (1.02)
36 6.26 ( 5.68) 1.63 (1.48)
37 3.23 ( 2.93) 0.84 (0.76)
38 1.97 ( 1.79) 0.52 (0.47)
39 7.17 ( 6.50) 1.86 (1.69)
40 5.54 ( 5.03) 1.44 (1.31)
41 5.43 ( 4.93) 1.41 (1.28)
42 4,88 ( 4.43) 1.27 (1.15)
43 5.59 ( 5.07) 1.46 (1.32)
44 3.25 ( 2.95) 0.85 (0.77)
Total 308.76 (280.10) 80.42 (72.96)

lpesources calculated for phosphate rock between the ground surface and the
600 ft isopach contour of overburden.

2Cumulative bed thickness is 33.4 ft with a weighted average of 16.8 percent
P05,

3cumulative bed thickness is 8.7 ft with a weighted average of 27.2 percent
P0s.
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