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INTRODUCTION Previous studies of the Phosphoria Formation state that there is a consistent
10f1 . ;
EXPLANATION WESTERN PHOSPHATE PROJECT - relationship between eU and total uranium content and between total uranium and phosphate
Section: wpsH Date Measured: 9/19-21/99 Sec-Twn-Ra: Sec6,T.98.,R 46E. The U.S. Geological Survey (USGS) has studied the Permian Phosphoria Formation content (McKelvey, 1956). Our measurements indicate considerable scatter in both
Formation: Phosphoria Lat: 42deg., 39.74'N. in southeastem Idaho and the entire Western U.S. Phosphate Field throughout much of the relationships (fig. 1, Herring and others, 1999; Herring and others, 2000; Herring, unpub.
E 'gm E Member: Meade Peak Phosphatic Shale Long: 111 deg., 07.79' W. twentieth century. In response to a request by the U.S. Bureau of Land Management, a new data). Measured eU concentrations, even between adjoining 1 foot intervals of consistent
o 88 8 DESCRIPTION Measured By: Tysdal, Grauch, Desborough, Johnson, Herring Quadrangle: Stewart Flat series of resource, geological, and geoenvironmental studies was undertaken by the USGS lithologic charactgr, _<_>fte_n exhibit considerable variability. We suspect that this results from
7/ b ABBREVIATIONS s Mine: Smoky Canyon in 1998. To accomplish these studies, the USGS has formed cooperative research (1) fine-scale variability in the concentration of uranium; (2) the effect of the geometry of the
* ) relationships with two Federal agencies, the Bureau of Land Management and the U.S. dipping rocks; or (3) a lack of secular equilibrium. Scatter in the U to P,Os relationship results
o] Chen dia  diameter Forest Service, tasked with land management and resource conservation on public lands; from uranium removal or addition by syndepositional effects and (or) by post-depositional
! a_9 dii dilute m °°"""""°°"‘§ — - and with five private companies currently leasing or developing phosphate resources in alteration, especially weathering. The uranium is mostly located in the phosphate mineral
10 - - dk  dark P o § 8 southeastern Idaho. The companies are Agrium U.S. Inc. (Rasmussen Ridge mine), FMC lattice as a substitute for Ca; location of the decay (daughter) products is uncertain. For the
] q T eU  equivalent uranium 180 P Corporation (Dry Valley mine), Rhodia Inc. (Wooley Valley mine—inactive), J.R. Simplot phosphatic rocks of the Phosphoria Formation, total gamma counts are dominated by decay
ft feet | ol m mainly chert, med gray; replaced entire beds, up to 3 Rex Chert p Company (Smoky Canyon mine), and Solutia Inc. (Enoch Valley mine). Some of the of uranium and its various daughter products. KO is generally <1 percent in the phosphorite
| Umestone in.  inches j %4 1d mineralogical research associated with this project is supported through a cooperative and <3 percent in the middle waste shale; Th concentrations are generally <15 ppm (parts
1 r lith  lithology Dolomite: and chert, med o dk gray; chert s in layers 1-6 Upper Waste j < agreement with the Department of Geology and Geological Engineering, University of Idaho. per million) in ore and waste shale (Altschuler and others, 1958; Swanson, 1970; Herring and
g g med medium 1 in. thick, imegutar, discontinuous masses to lenses; dolomite o Present studies consist of integrated, multidisciplinary research directed toward (1) others, 1999, Herring and others, 2000; Herring, unpub. data). The eU concentration is
5 A = ppm parts per million med 1o dk gray; in beds 3-18 in. thick. — resource and reserve estimations of phosphate in selected 7.5-minute quadrangles; (2) approximately equivalent to that of the total uranium; both concentrations are given in ppm.
ST S S prosphorie sl slightly i 14 elemental residence, mineralogical and petrochemical characteristics; (3) mobilization and _ For section wpsG, the interval from 35-50 feet was measured on the lower bench,
ge52 v very ] ' e —m (1N reaction pathways, transport, and fate of potentially toxic elements associated with the which offered a fiat, horizontal surface, rather than continuing measurements at 35 feet along
8885 ] m°°'°""', — mn Motz od 04] occurrence, development, and societal use of phosphate; (4) geophysical signatures; and with the stratigraphically described and sampled section on the next higher bench, with its
ﬁ — _| Stone = (5) improving the understanding of deposit origin. Because raw data acquired during the flanking vertical face. This interval is possibly thickened by a low-angle fault and may not
b - ] L project will require time to interpret, the data are released in open-file reports for prompt correlate directly with the same footage interval on the next higher bench. Within the interval
0 - > availability to other workers. Open-file reports associated with this series of studies are from 51-78 ft, spectromety measurements were made on the lower bench from 51-68 ft, and
Dolomite: and dolomitic mudstone; dk gray; beds are 1-3 ft Upper Waste - submitted to each of the Federal and industry cooperators for technical review; however, the values were typical of middle waste rock. However, these values are not included because of
CONVERSIONS 1 thick; hard, resistant; a few thin beds are finely laminated o USGS is solely responsible for the data contained in the reports. location uncertainties within this apparently faulted sequence.
] thin, recessive; u:‘a.m:m; few thin beds of L Total gamma counts per second as measured across the energy detec:tl2 ion spectrum
. - . . . - —— recessive dolomite : of the spectrometer, approximately 1.5 to 2.6 MeV, cormrelate with eU with R> 0.99. This
sections nally were measured in millimeters, i : , !
meogn 'amtow'g‘ngligh‘e :W on ofoqg.min:{neter bl "0.04 ot . (:5 MEASURED SECTIONS indicates that uranium produces most of the measured radioactivity and that the contribution
implying a measurement proasm areater than actually exists. ' 165 to measured radioactivity from potassium and thorium is small. Consequently, the gross
] Eﬁ Stratigraphic sections of the Phosphoria Formation were measured and sampled by gamma counts measured by a scintillometer also will correlate fairly well with uranium content
o the USGS at several places in southeastem Idaho. The sections, generally lacking and, secondarily, with phosphate content. In a previous measurements, section wpsE
l_ interpretation and explanatory notes, are published as preliminary reports as they are (Tysdal and others, 2000a), the correlation between counts per second on the spectrometer
assembled. No thin section, X-ray, or analytical technique other than gamma-ray and a scintillometer (Mount Sopris Instrument Company, Model SC-132) was R?*= 0.82. For
1 spectrometry has been used to augment the field descriptions of the rock units in this report. section wpsH the scintillometer used was a Geometrics GR101A, which has a smaller
160 The descriptions are accompanied by a computer-generated lithologic log. Informal bed detector crystal that the one used for section wpsE. Consequently, the absolute count rate
1 Mudstone: dk gray; fine grained; fisslle; finely laminated, Upper Waste names (for example, upper footwall shale ore) used at the Smoky Canyon mine are shown for samples of section wpsH is notably less than that of section wpsE. Nonetheless, the
|_—_| planar; hard, resistant; calcareous; strongly fetid. in the unit column. The more general unit names (A, B, C, D) applied to these strata in scintillometry measurements of section wpsH are intemally consistent from one to another
] [ southeastern Idaho by Hale (1967, p. 152) are not shown in the unit column. The units and can be related in relative magnitude to the spectrometry and scintillometry scans of other
) ] within the measured sections were sampled for geochemical and petrological analysis and sections.
SSSS1 Phosphorite: pelletal and nodules of pelletal phosphorite, in Upper Waste also were evaluated with a variety of geophysical techniques. English units of measurement
e 8888{ Interbeds several inches thick; wavy bedding, but not ripples; are used throughout this report to facilitate direct correspondence with units in the extensive o/ a0
Sgas] We 2. Wante bed, Sesere X brown, soriske historical literature on the Phosphoria and with current industry usage. ] Bt
Soca] sparse, widely separated phosphate nodules. : A gz g . - o
— Upper Waste The Phosphoria Formation in the vicinity of the measured sections consists of three 8 1 x " C
|| Mudstone: dk gray; shaly; finely laminated; fetid; some thin members, which in ascending order are the Meade Peak Phosphatic Shale, the Rex Chert, i 3 ” " = 35
e ;V':: meW”“‘mﬂw and the informally named cherty shale (McKelvey and others, 1959; Montgomery and g 200 S b!Il o
—_ — , gray, we athers . 1 . = o . = (7))
150 - — dolomite i Cheney, 1967; Brittenham, 1976). The measured sections of this report focus on the i x -
] i L ' Meade Peak Phosphatic Shale Member. The Meade Peak unconformably overlies the g d ;‘ ﬂi‘.‘ & E E:«
2222 Phosphorie: ierbedded — Grandeur Tongue of the Permian Park City Formation, and the cherty shale member is e [ 25 ~—
e m,.ﬁ’.md'l‘m;mm;“ gf:« i overlain by the Triassic Dinwoody Formation. Both sections were measured on surfaces g 15]—4 < E 5
S3EE] beds coarsen from fine grained at base to med grained at top; exposed by mining equipment. Section wpsG (western phosphate section G) is about = ’ - :20 =
EEEE] others are coarse grained and not graded; some cut and fil 3,000 ft south of section wpsH. The lower 1/3 of section wpsG was measured along a > e ™, . 3 g
145 \m""”d"’* Waste horizontal surface, the upper 2/3 along a steeply inclined pit-wall flanking a cut bench about g 10 e - 15 §
Dotomite: weathered poriaine Rothios, phwephat 25 ft higher than the lower half of the section. Uppermost strata of the Mead Peak € {1 . -
= dup«udmmwt:d‘.*w ' Waste Phosphatic Shale Member were not exposed at the section wpsG measurement site. a ) > x 1’!‘ - E g
] Section wpsH was measured along a steeply inclined pit-wall, gradually stepping upward " p 10 A
geoyl Ml med groy; sl tusdnstod; n torboddod wih 1-2 pe——— across three 40 ft high benches from the base to the top of the section. Measuring a pair of g 90 F
140 8888 in. thick phosphorite beds, each of which coarsens upward. o sections close together, but at different depths below the pre-mining land surface, permits & . _:_5
SSES1 Phosphorie: K and med gray; peietel # ool med and evaluation of important effects of weathering on rock geochemistry. The depth below the 2 o -
82321 cse grained; beds 1-2 in. thick, planar to rippled (wave pre-mining surface of section wpsG ranges from about 175 ft for the lower part of the 0 ¥ E
8888] length 1-8in., h. 1-2 in.); some lenticular beds; beds are section to about 150 ft for the upper part. Depth below the pre-mining surface of section {0
Sogo! sk 34 hn) Wl oo — wpsH ranges from about 50 ft for the lower strata to about 150 ft for upper strata. 0 50 100 180 200 290
e ees ufard: 0p of beds conain concretons 0.12:0. Measurements record true thickness. Adjustments were made for dip of beds at the time of U, ppm, delayed neutron, channel samples
135 233 \ ' Buckshot Zone measurement.
S3SE1| Dolomite: dk gray; hard; interlayered 0.25-0.5 in. thick beds Ore Strata in the vicinity of the two measured sections dip 20-30 degrees westward, on Figure 1. Comparison of : . .
S5521 | ot hosphor, med gray, lanar laminsed; entuar the back limb of a major anticline. Both sections are cut by local low-angle faults, of chgannel gamplespa;fho';am,r::_ar:;T&ﬂg&;&gﬁ;ﬁ:ﬁ;&?&ﬂmonl a&ai'g:r"se;:
R p———— e unknown displacement, that dip slightly less than to slightly greater than the dip of bedding. stations through the same intervals and arithmetically averaged (circles). The least-squares
38351 coarsest grains at top; beds thicken from 0.5 in. in lower Hangingwall oc These faults caused repetition of strata in some areas, but many caused omission of strata. regression (R” = 0.55) line is shown. Concentrations of P;Os in percent are shown for the
§§§§ part fo 3 in. at fop of unit localy wavy bedding; local Shale Ore L One such low-angle fault zone cuts through section wpsG and caused omission of the same samples (x's).
130 $5521| channels, some with v coarse grains; at base are 0.5 in. thick a0 upper two units of the lower ore zone (Hot Bed and Phosphatic Shale, which combined total
B3351 | meee of pebiblen. E 7-10 ft thick) and about 25 ft of the lowermost strata of the middle waste (near 35 ft interval,
SSSS1  Prosphome: e section wpsG). Middle waste strata between the “? E Bed repeated ?” (near 85 ft interval,
WESTERN PHOSPHATE PROJECT Page 1 of 1 SESET faste; .n..‘m:&,mw;.ﬁmm' = section wpsG) and the upper ore zone of the section are thinner than normal, suggesting
pa— G Measured: 6/29-30/99 Twn-Ra: Sec.7,T.9S. R 46E. SSSE] clay; strata are less resistant than rocks below in unit; omission of strata by an unrecognized fault. In section wpsH, the Cap Rock units between
Dete red m S§EE] oradational into overlying unit. Most of nitis dk gray; sit- the lower two lines of correlation (6.5-62 ft interval) are much too thick for a normal REFERENCES CITED
Formation: Phosphoria Lat: 42deg., 39.28'N. 125 282 *ﬂﬂmhz"mwv ""“VP"W“:I”"““W{ sequence in this area. The mudstone strata between the two phosphorite sequences of
SR e P Py - Mg LY Sy, STV, 17 oo vl o o e these lower strata contains a thickened, poorly exposed zone that is interpreted to host a Altschuler, Z.S., Clarke, R.S. and Young, E.J., 1958, Geochemistry of uranium in apatite and
Measured By: Tysdal, Grauch, Desborough, Herring Quadrangle: Stewart Flat SSEE1 disookd; dk gray; hard: v calcareous; strongly fotid, low-angle thrust fault. The fault is about parallel to bedding, and served to repeat nearly the _Pphosphorite: U.S. Geological Survey Professional Paper 314-D, p. 45-90.
Notes: — Mine: Smoky Canyon S entire lower ore zone, although the fish-scale bed is not repeated. Brittenham, M.D., 1976, Permian Phosphoria carbonate banks, Idaho-Wyoming thrust belt, in
8388 Hill, J.G., ed., Symposium on geology of the Cordilleran hingeline: Rock Mountain
120 SRS SOy Sy Mok b S oaas; - Association of Geologists—1976 symposium, Denver, p. 173-191.
E ‘g"""' E DESCRIPTION UNIT B e EQUIVALENT URANIUM (eU) Hale, L.A., 1967, Phosphate exploration using gamma radiation logs, Dry Valley, Idaho, in
- 8 § 8 - _ . Hale, LA., ed., Anatomy of the western phosphate field: Salt Lake City, Intermountain
Dolomite: dk gray. Upper Mud T —] Mudsione: dk gray; finely planar laminated: non- Middle Waste Measured section wpsG is accompanied by a profile of the equivalent uranium (eU) Association of Field Geologists, 15™ Annual Field Conference Guidebook, p. 147-159.
3555 Seam? |_—_| cakareous;beds to 2 in. thick of phosphorite; sparse measurements taken with a GAD-6 gamma-ray spectrometer. No spectrometry Herring, J.R., Desborough, G.A., Wilson, S.A., Tysdal, R.G., Grauch, R.1., and Gunter, M.E.,
SEEE1 Phosphorite: dk gray; fine grained, pelletal; interbedded with W —__—| Pphosphate nodules, 0.5-1 in. long; 4 in. thick zone of measurements were made in the deeper (below former ground surface) altered section 1999, Chemical composition of weathered and unweathered strata of the Meade Peak
115 §§§§ It gray phosphorite, fine to coarse grained, pelletal; beds 6- Upper Rich Bed? 115 [——] nodules at 116 ft horizon; local concretions 12 ft long wpsH, although some gamma scintillometry measurements are included across two parts at Phosphatic Shale Member of the Permian Phosphoria Formation. A. Measured
gegsy 12 ek | etk and near the base of the section. The spectrometer measures gross gamma-ray flux sections A and B, central part of Rasmussen Ridge, Caribou County, Idaho: U.S.
8888 [ — ] (including cosmic rays) and provides a quantitative measure of K, U, and Th. Determination Geological Survey Open-File Report 99-147-A, 24 p.
Dolomite: med gray-brown; hard. Upper el of the abundance of U and Th occurs via detection and counting of gamma rays of specific McKelvey, V.E., 1956, Uranium in phosphate rock, in Page, L.R., Stocking, H.E., and Smith,
f — | Mudstone? ] energy associated with a particular daughter radionuclide for each element, “""Bi with a 1.76 H.B., compilers, Contribution to the geology of uranium and thorium by the United
| \, £323 Dolomite: deeply weathered/altered—mud, clay. _— Dolomite: Top 1o botlom—(a) 4 In—phosphore, pelietal Middle Waste MeV (million electron volt) gamma-ray in the_ case of uranium. Calculation of total States Geological Survey and Atomic Energy Commission for the United Nations
110 x—— SSES] Prosphorite: Phosphorite and dolomite rhythmically Mudstone? o laminated; (b) 4 in.—phosphorite, nodular It gray, non- abundance of U and Th assumes secular equilibrium between the measured daughter International Conference on Peaceful Uses of Atomic Energy, Geneva, Switzerland,
1 823821 interbedded. Phosphorite is fine to coarse grained; upper L —{ calcareous; (c) 12 in.—dolomite, sandy, pale yellowish brow, e nuclide and the parent isotope and all intermediate daughter nuclides for each individual 1955: U.S. Geological Survey Professional Paper 300, p. 477-481.
] 1 §§§§ surface of several beds is rippled; phosphorite cuts down into Hangingwall m ] r;’wrbfnyb'“““? mmmm@ element. Potassium abundance is determined from the measurement of gamma rays McKelvey, V.E., Williams, J.S., Sheldon, R.P., Cressman, E.R., Cheney, T.M., and Swanson,
] [ EERE] SOUNES. SUwEs b G N SOM. GRS e o Lower p- 1\ sitone. +Phosphate nodues. associated with the decay of “K. The spectrometer integrates detection over a 2 R.W., 1959, The Phosphoria, Park City, and Shedhom formations in the westemn
B s Lt o ommition L Mo O B R L | Mudstone: dk gray; beds 0.5-12 in. thick, finely laminated, L geometry of approximately 1/2 m® and has proportionally higher detection sensitivity to phosphate field: U.S. Geological Survey Professional Paper 313-A, 47 p.
8§§§ in phosphorite and dolomibe; dolomite matrix to Hangingwall S | —{ with 0.04-0.08 in. thick limestsone laminae alternating with - those gamma rays that are emitted closer to the detector. The calibration equations for the Montgomery, K.M, and Cheney, T.M., 1967, Geology of the Stewart Flat quadrangle, Caribou
105 £5551\ phosphorte concretions. Shale and Lower [~ non-amy laminas; sparse concretions, dolomis, as much as Middle Waste < spectrometer assume this geometry on a planar surface, and are based on analysis of County, Idaho: U.S. Geological Bulletin 1217, 63 p.
3383 Rich Bed? ] LA I concrete pads of known composition of the three elements. The calibration coefficients, as Swanson, R.G., 1970, Mineral resources in Permian rocks of southwest Montana: U.S.
8888 mﬂmvmw- pofiotal ”;f::'* B g~y - — g—— w» well as the constants for subtracted background counts, are a function of latitude, altitude, Geological Survey Professional Paper 313-E, p. 661-777.
E s vy sl s Middle Waste ] structureless; two 6 in. thick claystoine beds within unit rock density, and moisture. The coefficients become less reliable as location and rock Tysdal, R.G., Johnson, E.A., Herring, J.R., and Desborough, G.A., 1999, Strati i
unit; channels of coarse-grained peletal phosphorite cut [ — ] ng ugn, ' ! atigraphic
| —_ ]\ down into undertying fine-grained phosphorite. Fossil | probably deeply weathered dolomite; local concretions, conditions change from those of the calibration. sections and equivalent uranium (eU), Meade Peak Phosphatic Shale Member of the
100 || |="—]| ragments in thin discontinuous layers, lenses. 100 S Rt bty In similar past studies, we plotted eU concentration data after normalization of the Permian Phosphoria Formation, central part of Rasmussen Ridge, Caribou County,
=] Middle Wast L — ] highest eU concentration (Tysdal and others, 1999) and as unscaled, raw concentration Idaho: U.S. Geological Survey Open-File Report 99-20-A.
W bt v et e data (Tysdal and others, 2000a and 2000b). The reasons for the original scaling and the Tysdal, R.G., Herring, J.R., Desborough, G.A., Grauch, R.l., and Stillings, L.A., 2000a,
= T Pl phosphorte: =1 decision to subsequently not scale eU concentrations are discussed in Tysdal (2000a). The Stratigraphic sections and equivalent uranium (eU), Meade Peak Phosphatic Shale
—_— Mudstone: dk gray; non-calcareous; thin beds, finely 252%] Phosphorite: dk gray; pelletal, coarse grained; strongly fetid. E Bed data presented in this report use the same calibration equations as were used in the two Member of Permian Phosphoria Formation, Dry Valley, Caribou County, Idaho: U.S.
1 | _—_| taminated; local pelletal phosphorite interbeds are as thick 3388 prior reports, permitting direct comparisons with eU concentrations. A recalibration of the Geological Survey Open-File Report 99-20-B.
95 s R st ety 95 8838 GAD-6 instrument in April, 2000, indicates that eU concentrations in this and the previous Tysdal, R.G., Grauch, R.l, Desborough, G.A., and Herring, J.R., 2000b, Stratigraphic
] e R a2k ovou - Dolomie: dk gray. Middle Wasts reports should be reduced by 18 percent. This reduction is exactly proportional, thus all sections and equivalent uranium (eU), Meade Peak Phosphatic Shale Member of the
] Middle Waste ; concentrations should be reduced by the same percentage. Relative changes among all Permian Phosphoria Formation, east-central part of Rasmussen Ridge, Caribou
] Dolomite: med brown; one thick bed; abruptly changes | reported concentrations for a measured section are accurate as depicted. County, Idaho: U.S. Geological Survey Open-File Report 99-20-C.
laterally to mud; local, sparse isolated shell fragments.
=y Middie Waste
90 - = Mudstone: dk gray; non-calcareous; thin beds, finely 90 | — | Mudstone: interbeds of mudstone and siltstone; dk gray; Middle Waste
__:_4 laminated; local 0.5-2 in. thick beds of pelietal phosphorite. |_—_| finely laminated in 0.1-1in. beds; sparse 0.5 in. thick pelletal
- - — to oolitic phosphorite; local ripple crosslaminae; starved
1 :_.: ::: ripples of pelletal rock. Local dolomite beds, 10-12 in.
= A\ Widde Wasie ACKNOWLEDGMENTS
23251 Phosphorite: . Top to bottom—11 in. I 7 E Bed repeated 7 || Mudstone: interbeds of mudstone and sittstone; dk gray; .
85 §558{ phosphorte, ::n::y mxznmxm;m 85 =~ WOy R 6.1 i spnmne 0.6 In. Siok pelietel The sections were measured within the Smoky Canyon mine, operated by the J.R.
SSSS{ coarse pellets; 5 in. nodular phosphate. Sharp base. wl — m W#T::k b&m; '1';';'"“ e Simplot Company. We thank the J.R. Simplot Company for providing access and we thank
\ Middle Waste — ] e pofiotal reck. ' : company personnel who freely discussed the geology of the area.
S~ Dolomite: ochre-colored; deeply weathered—mud, clay, soft — < —— ] O
T S e \ ) . SESE1 Mudstone: Interbeds of mudstone and sitstone; dk gray; Hot Bed Ore =
38388 L ) ' ' Middie Weste (7)) SEEEY finely laminated in 0.1-1in. beds; sparse 0.5 in. thick pelletal <
80 =221\ Dolomite: ochre-colored; deeply weathered—mud, clay, soft. \—__/ 80 — 8282]| o oolitic phosphorite; local ripple crossiaminae; starved T
™ ' Middle Waste 2221\ ripples of pelletal rock. Local dolomite beds, 10-12 in. 0
225%]| Phosphorite: dk gray; lower part is pelletal, upper half is - 83881 | thick. Base of unit contains discontinuous zone of )
i el | i e, 141, B0 i %
] ! Mateions: &k gray; fnely laminatod; and slintons, fnely \ 7EBed? ] mm:amo.szmwmupw I
:—_* laminated; abundant dolomite or calcite crystals, in layers; 75 phosphorite and shaly phosphorite; calcareous. Q
75 i PR ATPRGS S SO s . wide fasm Dolomite: med brown; beds 0.5-1 in. thick, locally 3t
:—: Phosphorite: dk gray; Mwﬂd;e;lbyubhm. False Cap
- \ l | carbonate beds thin significantly to north over 250-300 f,
[~— "] Mudstone: dk gray, finely laminated; and siitstone, finely due to dissolution.
[ — | teminated; abundant dolomite or caicite crystals, in layers;
|| local pelietal phosphorite beds 1-2 in. thick, sparse nodules. 70
70 ] Zone of concretions 1-2 ft long, to 1 ftthick, dk gray, fetid, Middie Waste
E ——""1\ v. calcareous; aligned along about 72-73 ft interval; some p— -
::: may b layers. / ::: mlm:bno mmd(a) dolonﬁ:r;;.:lhtu\. d(grg) False Cap 11 30
—— " mudstone, dk gray; 1-6 in. thick beds; , widely dispersed
VORI S s S, bt Middle Waste —— ] phosphatic nodules; some beds finely laminated, calcareous;
: " : x | — | (c) mudstone, dk gray, very silty. Unit contain local
65 . Dolomite: med brown; hard, dense; contains Liesegang bands 65 — _:_ . y
= |
SEEET Phosphorite: dk gray; pelietal, in thin layers; mudstone, dk Upper Footwal |
C_) 60 —H §§§§ gray, finel planar laminated; interlaminated 0.08-0.12 in. Shale I
- L Mudstone: same as 50-55 ft interval, except for 6 in. thick Middle Waste [ 8583 thick dolomite laminae. Lower 6 in. contains zone of )
—__—1 carbon seam at 58.25-58.75 ft interval. < 5550{ Pphosphate nodules. | - ol () ! |
P nner m
[ | I Dolomite: dk gray, weathers k gray; v. fine grained; stronly H
==n (o SEZEE)\ fotid; fossi fragments. Lower Footwall !
- » 2888 Shale Ore :
55 — — O 55 - S8SS] Phosphorite: dk gray; 1-3 inch thick beds; hackdy: e |
| Mudstone: dk gray; structureless to fine laminae 0.04-0.5 in. Middle Waste I §§§§ moderately calcareous. Upper 2 ft is v finely planar < i
—__—1 thick; some laminae are clay, others siit; most laminae are n- 8888 laminated, v calcareous. 1 inch dia phosphate nodules; LlJ :
—— "] planar, but some show 1-2 degree angle of truncation; sparse §§§§ pelietal beds not obvious. I i
[ — | dolomite forms 0.04 in. thick laminae in some zones; local 353 o : )
= i :
- Dolomite: same as 3540 ft interval; and contains scattered Middle Waste 0T S5SS{ Phosphorite: dk gray; 1-3 inch thick beds; hackly; Lower Footwal :
1 phosphate nodules; good example of 1 ft thick, hard, §§§§ moderately calcareous; local concretion, v calcareous. Shale Ore :
4 resistant dolomite bed that changes laterally to soft, med 2988 Lower 2 ft is v organic rich, shiny black. !
brown clay; change is gradual over about 1 ft. §§§§ i
8558 i
sl Dolomite: same s unit below, but this unkt shows v low Middle Waste . §<§x§>§ '
1 angle crosslamination and lenticular mudstone and carbonate 1 [ — | Mudstone: dk gray; 2-6 in. thick beds; non-calcareous; Cap Rock i
y layers; local phosphorite layers up to 0.5 in. thick. - — strongly fetid. One bed of dolomite, 1 ft thick. Low angle .
- — fault has 1 ft displacement within unit. i
wiu ig
® A Dolomite: dk gray; laminae and thin beds of interlayered Middle Waste o —:— Mudstone: dk gray; 2-8 in. thick beds; non-calcareous; Cap Rock !E
. dolomite and mudstone; upper 6 In. contains nodular —__— fisslle; strongly fetid; local concretions, as much as 3 x 0.75 iO
phosphate bed: local 1 in. dia phosphate nodules lower in [T—] . discoid; non-calcareous, dk gray, finely crystaline; cut by > :E
section; lamination is prominent on outcrop face. OFFSET —_—{ calite veinlets. THRUST FAULT interpreted through this 20 | =
TO NEXT HIGHER BENCH, along base of this unit. —_—{ unit-SEE text. :
1 HOWEVER, radiometric data for 35-50 ft interval is from ] |
35 - lower bench because measurements are most uniform on a 35 —]
——1\ horizontal surface. FAULT at base of this unit. Faise Cap Dotomite: med gray: fine grained; hard, resietart; strongly prom=s
::: Mud - interbedded with phosphoribe. Mudstone, dk gray; x fetid; cut by 0.04 in. thick calcite veinlets. uJ
| _— | forms 0.04-05 in. thick beds, indurated. Phosphorite, —— . ~
| pelietal, fine grained; beds 0.04-2 in. thick. ﬁ = Mudstone: dk gray; slightly phosphatic; non-calcareous. Cap Rock a
» - o 2 ] <
S388] Phosphorite: dk gray; fine- to medium-grained pellets; Upper Footwall ===
£88E1 localy fetd. . Dolomite: black; fetid; v fine grained; 1 bed; hard, with near Cap Rock =
2328 conchoidal fracture; abundant vertical fractures, minor
§§§§ offsets; caicite veinlets—horizontal to vertical.
Dolomite: tan to brown; laminae 0.04 in. thick; some beds Inner Seam ) ? , ? ' rtom.ss | pare
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