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ABSTRACT: METHODS:

Hand samples within the upper paleokarst unit of the Mission Canyon Member of ARELELS . o

_ , _ , _ » The field sites were visited to see the aspect and exposure of the abandoned mines in the
the Madison Group were collected from mineralized areas on Big Pryor Mountain Pryor Mountain area, Montana and Little Mountain area, Wyoming; samples were collected
and East Pryor Mountain, Montana and the Little Mountain area, Wyoming. Vein from dumps and outcrops of select mines in the two mining districts
fill material and brecciated host rock were prepared and sent to the stable isotope Pl . o 4 “f "
lab at the University of Michigan for carbon and oxygen stable isotope analyses.
Some samples examined using a Field Emission Scanning Electron Microscope with
an EDS Energy-Dispersive x-ray Spectrometer, Cathodoluminescence microscope
and a standard petrographic microscope reveal several episodes of fluid
migration. Comparing these isotopic values with the value of carbonates that
precipitated from Mississippian aged ocean waters gives an indication of the
diagenetic processes that have affected 630 and 6'3C values of the carbonates in
the mining districts. Results from the 620 values of the late-stage calcite vein
material sampled have the most negative 630 values (-11.99 to -23.48 %o) and a
wide range of '3C values (-0.40 to -6.20%o0). The 610 values for the late-stage
calcite veins are depleted relative to the brecciated host rock, indicating that fluids
were not in equilibrium with the host rocks and that the system was open to

Box work vugs above Imed in drusy quartz are in bleached
both golden and white barite. Initial EDS measurement has from the Lisbon Mine area, MT has late stage pyrite and calcite resistant calcite is dissolved leaving a “box work” of resistant Madison Limestone. Vugs formed by dissolution of limestone
detected REE elements including Ce and Nd. filling fractures in a floating clast breccia., inch scale conjugate shear fractures which have been filled by quartz. between the fracture networks within a brecciated portion of

Initial and Ongoing Analytical work: B
» Petrographic microscope - incorporating stained thin-sections to distinguish calcite from

Box work texture is seen in both mining districts. The less

Barite - much of the barite is golden colored. This sample has

Many of the samples contain minor sulfides; this hand sample

Photomicrograph of stained thin section from the Dandy Mine Same view as photo to left but with crossed nicols; the oolite  Stained thin section from Lisbon mine area on Red Pryor Mountain
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. y ( . ) y ’ gg the foreground is part of the lower Pennsylvanian Amsden Formation that unconformably overlies the karst surface developed on the Mississippian Madison Limestone. The Amsden has been tectonically thinned locally along the margins of Pryor > Staining of ccj;\rbonate roc.ks to dIStmgUISh d0|.OI’T1Ite and FaICIte (See rOCI_G Ce.nte_r pqster)
the fluids were hyd rothermal in nature. Mountains uplift (Lopez, 2000). It is incorporated into the collapse breccia pipe features of the study areas. » Cathodoluminescence microscopy (CL) — to gain information on the spatial distribution of
553C/510 of brecci 4 vein fill material Ma] 50 w00 T — — — trace elements i.e. (Fe?* and Mn?*) in calcite/dolomite grains and cements; mapping of
> =) of breccias and velin fill materia - ! - 1 !
5 |e| 5 [T T T T RN TR SR TR TN NN SR SN T SHN N T S S T S S S S JH T S R BB 1 . . . « e .
Crow Reservatlon \. STATEMENT OF PROBLEM: Pryor Mountains and Little Mountain Mining Area Phanerozoic Phanerozoic X Temperate brachiopods = 381 cement zones can be used to determine the timing and origin of some cements and possibly
boundary S AN R SR _ ) . _ _ 8.00 5180 trend . §13C trend S Bolomnitos and oysters < 325 of the introduction of uranium and vanadium into the matrlx
= e T The uranium vanadium mines in the Pryor Mountain Figure A o o e T 2 Planionic forama = 77 o .
and the Little Mountain mining districts are hosted in ! ! ]
the Madison Formation. Are these deposits a product " SANDRAmB/" : | _ o84 s = ;5
of: : : ¢ Calcite Veins E g @E b g- '?-‘-
: 4.00 : ° o ° L 0 O p O
= : ° 2 o e o
» Top-down leaching | _ | : T o Q o g F o
» Bottom-up hydrothermal metasomatism or a g | Mississippian | o o Barihic forame =680 B oo
. . . 2.00 . o >; f;np:;ateac ! il:p: _5: 381 | -15 o ) ‘ . . .
» Mixed mode involving both hydrothermal and 0 | Seawster | ° | < Belemniesand ystrs - S % e o Lt B T —
meteoric components. . | Carbonate dlr trentrgy . - . SR Ee i BRSO G i e Se o e e e
. c c o T LISBONOO1A ambrian| Ordovician| Sil. | Devon.|  Carbonif. |Permian Trias. | urassic | Cretaceous | Tertia ) ambrian ovician| Sil. | Devon, rbonif. | Permian| Triass.| Jurassic aceous | Tertia Q terbium Yb. are vanadium enriched dolomite filling in the small voidsin
» Which model addresses the physical and chemical S 000 MO, T FeDolomite Gortrior Crtorilarl ok bvenT_Geor. Treri Ve drsste e T ety cambrian |ordovican] 1. [ oevon | Gt | o] e durasc] Grotaceous | Tertiary | "
characteristics of these deposits? QO EastPryor ‘(\—/’l’// : Phanerozoic 5180 (Figure A) trend based on 1654 brachiopod and belemnite measurements at Bochum and Ottawa. Phanerozoic 813C trend | | » Scanning Electron Microscope (SEM) imaging and spot elemental analysis (with EDS — Energy
. ountain Samples 3 i . q 9 g o o
a \:/7 Fe Calcite : | (Figure B) compiled from 3918 measurements (brachiopods, belemnites, oysters, foraminifera) and 96 measurements for (mollusk) shells Dispersive X-ray Spectroscopy) — X-ray mapping and backscattered electron imaging (BEl) to
QO -2.00 > —_——— = = = - (Figures from Veizer et al, 1999, who compiled data from many authors to produce the two graphs). Red dashed boxes yield approximate d fv diff h | — -
RESEARCH QUESTIONS: values used for Mississipian Seawater Carbonate (350 — 318 Ma) this study. Most of the rocks in this study are late Mississippian in age. in ent' y Gl erent pnases present In minerals. s uf ool alv] leale o] T e
3 L ‘ . R . ) ; p ) i ) ) . ; o | T B|;E1|‘Eﬂ|@| AI.|A|"A| 7| 7| %= (M [ur e R - ; f,; —
» What is the exact nature of structural control on 2.00 \\ Samples of both brecciated MlSSlSSlpplan host rock aru_j Iate-.stage calcite from racturfes associated WIth mlner.allzed areas were. analy.zed | Enss,,ecfrum S
) ] 5 ® SANDRAQO for stable carbon and oxygen isotope values. The positive spike in both 8'3C and 480 in the Carboniferous periods reflects possible climatic s 1125 S
these deposits, if any: / T LM_LEOINCUINE changes during that time, resulting in differences in 8'*C and 680 values in the rock record. A positive §'3C shift that reaches a maximum " |ipestuensamele Sl ¢
» Can breccia pipes be traced deeper than the 6.00 Q : Leo Incline, value of > +7%o, which is among the highest peaks known in the Phanerozoic in North America and Europe is paralleled by a positive shift - i)
upper 200 feet of the Madison Limestone? O 7wy samples in 8180 values in brachiopod calcite (Veizer et al., 1999). These isotopic excursions may mark the onset of the Carboniferous glaciations. 5
> Was mineralization coeval with brecciation? What B ey Nl N | | 4
-8.00
was the relative timing of these events? 3000  -25.00  -2000  -1500  -10.00  -5.00 0.00 5.00 10.00  15.00 SEM images of sample of ;
silicified breccia Old Glory
I I I ol ’ i East Pryor sample, 300x magnification morphology of the oxide is ?
"' e Madison imestone represent,would et t 51%0 (%/ooVPDB) T Ba
;-,;{__: e T &S ; X Ve o e s ; N . ‘:_‘ | t e Ma |Son |me5t0ne represe nt, Wou It It t e - EI '::a;)ttizzfieeilijt?:;?;ca‘l(ge monoclinic prismatic crystal form. g BEIofyeIIowU/VmineraI DandyMine, 1200X magnification
— — — - - — — description for favorable MVT formation? /I\ \}:Vhichhiglhlightsttheh.h :’hoto't‘o right iscalcitecrys.talwithinclusions i L | : IP° : : i. ‘ :
FIELD STUDY AREA: * a:::;errlfg:::‘:?nst:e i : crr;rsrz:l i: ::;tr:;‘i,;:t\::?yu::;?aiﬁas; .L:I;ﬁimage DANEE . 1;0 20 ]2330 40 S0 80 70 80 90 100 10 120 130 140 150 164
zr:b moggzr;iyft:ﬂdoyni;i:is :ﬁzu\j\fyi ;r:ntlitF:m); Ir\gg::tr:ziri\nn;iir;irll_'goilri]stcr;cj n(trstilnst:r:)e IEl::;s mﬁ; ::Ic:]urr:lillr;; > Which model best addresses the overall STABLE ISOT;)P.E :)ATA: from brecciated hqst rock j?-i vgln. f|||| materlﬁl IE the.PrKor Moukntalnds,bI g % , _,...; : _- o . &N = 7 4 _ e A T T — o 2] RONTEC
district (red star) area northeast of Lovell and the Lower Kane Cave area in the Little Sheep Mountain Characteristics Of these de Osits‘p Montana and Little Mountain Area' Wyommg' Red tilled circles are the breccia host rocks an ue : . b, 3 = 4 o L e > - > X Ray D|ffraCt|On analyS|S (XRD) - qU|Ck easy for dEterm|n|ng the bUIk m|nera|0gy
anticline, about 30 miles south of the Montana study area. P g squares are vein fill material. Red dashed box derived from Veizer et al, 1999, represents approximate N el ] < | - e

value for Mississippian seawater carbonate derived from graphs to right. Sample groups are circled. - .
. . . Francevillite - Dandy Mine
HOW ISOTOPES HELP ANSWER THESE QUESTIONS: Using stable isotopes of carbon (C) and oxygen (O) (Ba,Pb)(U,0)2(V00)2.5H20
hel h . hich d d th . £ I d dol . . h . . DISCUSSION GRAPH: 6000 f
can help characterize water sources which proauced the veins or caicite an olomite present in the mining The 613C and 680 values for samples of breccia and vein fill material from the Pryor Mountain Area and 5000
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