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Geology, Petrology, and Chemistry of the Leadville Dolomite:
host for uranium at the Pitch mine,
Saguache County, Colorado

by
J. Thomas Nash
ABSTRACT

Newly documented uranium ore in the Pitch Mine occurs chiefly in brecciated
Mississippian Leadville Dolomite along the Chester reverse fault zone, and to
a lesser extent in sandstone, siltstone, and carbonaceous shale of the Penn-
sylvanian Belden Formation and in Precambrian granitic rocks and schist.
Uranium-mineralized zones are generally thicker, more consistent, and of
higher grade in dolomite than in other hosts, and roughly 50 percent of the
new reserves are in dolomite. Strong physical control by dolomite is evident,
as this is the only lithology that is pervasively brecciated within the fault
slices that make up the footwall of the reverse fault zone. Other lithologies
tend to either remain unbroken or undergo ductile deformation. Chemical
controls are subtle and appear to involve chiefly fOrmat1on of FeS, as pyr1te
and marcasite, which accompany uran1um.

Leadville Dolomite in the area is about 130 m thick and is predominantly
nonfossiliferous dolomicrite. In the Pitch Mine, Leadville Dolomite is bound
by faults and maximum known thickness is about 17 m. Mud texture, paucity of
fossils and other allochems, thin laminations, and probable algal met struc-
tures suggest sedimentation in a tidal-flat (possibly supratidal)
environment. Preservation of mud texture and lack of replacement features
indicate that dolomitization was an early, prelithification process, as in
modern tidal flats, and produced a chemically and texturally uniform rock over
tens of meters with relatively few limestone beds surviving. The sedimentary
and diagenetic environment of the tidal-flat dolomite, apparently most favor-
able for uranium deposits, probably obtained over a large area and should
consistute an exploration target over a broad area of central Colorado.

Carbonate rocks of the Belden Formation, in contrast to those of the Lead-
ville, contain calcite in great excess of dolomite, more than 5 percent silt-
size quartz and clay, and abundant fossils and oolites. Belden limestones
(sandy micrite and sandy wackestone) probably were deposited in an intertidal
or subtidal environment. Very little uranium ore occurs in these rocks.
Chemical aspects, such as the iron, sulfur, and organic carbon contents, are
very similar to those of Leadville dolomites, and hence seem favorable, but
Belden 1imestones generally are only mildly fractured.

The minor-element content of ore-bearing dolomites is generally normal judging
from the relatively scarce data yet published for comparable rocks. Elements
enriched in ore include iron, sulfur, molybdenum, and lead. One surface
expression of ore in dolomite is ocher-colored, leached, porous gossan that is
characterized by residual silica and l1imonite and by high radioactivity but
low chemical uranium content.
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INTRODUCTION

The Pitch Mine is located in the Sawatch Range in Saguache County,
Colorado, about 60 km east of Gunnison (fig. 1). The Pitch Mine (formerly
known as the Pinnacle Mine or Erie No. 28 claim) and several other uranium
prospects were located in 1955. Development of the Pitch Mine began in 1959
with the opening of two underground adits. The mine closed in 1962 when its
contract with U.S. Atomic Energy Commission expired. About 100,000 tons of
ore averaging 0.50 percent U30g (1,000,000 1bs U30g) was miﬁa, and another
100,000 1bs U30g was recovered by solution mining (Ward, 1978). In 1972,
Homestake Mining Company acquired the property and began to reevaluate the
mine area for additional reserves amenable to open-pit mining, because the
previous nistory had demonstrated that fault offsets of ore and unstable
wallrocks made underground mining costly. '

In the period 1972 to 1977, Homestake Mining Company documented a reserve
minable by open-pit methods of 2.1 million tons of ore at an average grade of
0.17 percent U30g (7,140,000 1bs U308) (Ward, 1978). Rather than seek high-
grade "vein-type" ore, Homestake explored for more dispersed ore using verti-
cal rotary drilling supplemented by approximately 10 percent angle and verti-
cal core drilling. Success came in 1973 when the company recognized a "new
type" of ore in brecciated dolomite of the Mississippian Leadville Dolomite.
The dolomite was found to be complexly faulted between slices of sandstone,
siltstone, and shale of the Pennsylvanian Belden Formation. Much of the ore
mined in 1959-61 also probably was in Leadville Dolomite, but was not recog-
nized as such (J. M. Ward, Homestake Mining Co., oral commun., 1979). Home-
stake is mining the deposit at a rate of about 600 tons per day from an open
pit that will be about 1,500 m long and have an average depth of 120 m,

The "new" geologic development at Pitch Mine is the observation that
approximately half of the reserves occur in dolomite. Although most knowledge
comes from drill logs, cuttings, and core, it is clear that uranium mineraliz-
ation strongly favors Leadville Dolomite. I know of no other significant
uranium deposit with this type of 1ithologic influence. It is clear that
physical properties of the dolomite are a very important factor in creating
breccia zones. Chemical controls on uranium deposition are not clear. To
help answer the question of what chemical factors are involved, this report
describes ore-bearing host rocks and barren equivalents, with emphasis on
petro]ogy, major- and minor-element chemistry, and a discussion of possible
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mode of origin for the Leadville Dolomite. Additional analyses are underway,
and better understanding of many critical geologic relations must wait for
mapping of mine exposures.

Acknowledgments.-~It is a pleasure to acknowledge the cooperation of Homestake
Mining Company. This project obviously would not have been possible without

their permission to examine surface and mine exposures, and to log and sample
drill core and cuttings. Homestake also provided important base maps and
geologic information. J. Mersch Ward, District Geologist, was a gracious host
and offered stimulating discussion. Jerry C. Olson, USGS, introduced me to
regional geology and offered helpful information on structure and strati-
graphy. John A, Campbell, USGS, patiently guided this "hardrock" geologist in
the new relm of carbonate petrology and sedimentation, and reviewed the manu-
script. Statistical computations and X-ray determinations were made by Karen
Parsons.
GEOLOGIC SETTING

Rocks ranging in age from Precambrian to Oligocene(?) are known in the
Pitch Mine area (table 1). Precambrian rocks are chiefly pegmatitic granite,
hornblende-biotite schist, hornblende gneiss, and pegmatite. A hematitic
regolith was developed on the Precambrian rocks prior to the Mississippian.
Above the Precambrian was deposited about 600 m of Paleozoic rocks. The lower
half is predominantly dolomite, with three beds of quartzite that are useful
stratigraphic markers between the similar-appearing dolomites. The Leadville
Dolomite is the darkest dolomite in the area, and generally is very massive
with very faint laminations. The top of the Leadville often is limonitic, the
result of a karst that was developed prior to deposition of the Belden Forma-
tion. The Belden Formation comprises diverse lithologies, including coarse
kaolinitic sandstone; green, clay-rich, fine sandstone; black and red shale;
and gray and black 1imestone and minor dolomite. Rapid facies changes are
common over lateral distances of 300 m. A few erosional remnants of sandy
Oligocene(?) quartz latite flows are preserved topographically above and a
kilometer north of the Pitch Mine. About 6 km south of the mine, more than
300 m of Tertiary andesitic volcanics of the San Juan volcanic field cover
Paleozoic rocks.

The major structural feature in the mine is the Chester Fault zone, which
dips east at about 70°, strikes nearly due north, and places Precambrian rocks
above and west of Paleozoic rocks (figs. 2 and 3). Net reverse movement along



Table 1.--Simplified stratigraphic column in the Pitch Mine
area (After Olson, 1977)

Oligocene(?) QUARTZ LATITE FLOWS: 1light colored felsic flows, 0-20 m thick
-=-unconformity--

Pennsylvanian BELDEN FORMATION: contains three units: lower white sandstone
and black shale (40-90 m thick); middle blue-gray limestone with red
shale and fine sandstone (30-60 m thick); and upper green and brown
sandstone and gray shale; 200 m.or more thick

--unconformity--

Mississippian LEADVILLE DOLOMITE: dark blue-gray to brownish-gray dolomite
and minor limestone; contains calcite and chalcedony veinlets and local
black chert zones; about 130 m thick.

Devonian DYER DOLOMITE: tan to light-gray dolomite; about 50 m thick.

Devonian PARTING QUARTZITE: varicolored shale and quartzite; about 5 m thick

--unconformity-- |

Ordovician FREMONT DOLOMITE: blue-gray limestone and dolomite; about 55 m
thick.

Ordovician HARDING QUARTZITE: white quartzite, often with limonitic stain,
and some black shale; about 10 m thick

--unconformity-- '

Ordovician MANITOU DOLOMITE: 1light-pinkish-gray dolomite, 75-90 m thick.

Cambrian SAWATCH QUARTZITE: vitreous quartzite less than 1 m thick
' --unconformity--




numerous fault strands is approximately 600 m. The fault zone is about 100 m
wide in the mine area (fig. 2). Paleozoic rocks immediately west of the
Chester fault are folded into a south-plunging syncline whose east limb is
probably overturned under the fault zone (fig. 3). West of the mine Paleozoic
rocks have a low dip and are gently warped in broad folds. East-trending '
faults cut the Chester Fault zone and form rotated blocks. The faulting in
the Chester Fault zone is of Laramide age; Cretaceous rocks about 20 km to the
west are displaced by similar reverse faults (fig. 1); and 0ligocene(?) vol-
canic rocks are not displaced by the Chester Fault (0lson, 1977). Younger
north-trending faults displace volcanic rocks southeast of the mine (Olson,
1977).

URANIUM DEPOSITS

Uranium anomalies, occurrences, and deposits are known in five geologic
settings in the Marshall Pass district. The following are arranged by |
decreasing age of host, but the ages of mineralization are not known.

(1) Precambrian biotite schist--several prospects and small mines occur
in the Harry Creek area (Lookout 22, Marshall Pass No. 5 prospects) about 2 km
east of the Pitch Mine. Minera]fzation is probably pitchblende and some
hexavalent uranium minerals. Near these vein-like deposits are high grade
concentrations of uranium in alluvium (type 5 below). The deposits are
probably related, and the high concentrations mined probably reflect supergene
processes (Malan, 1959; Gross, 1965), but the source and age of the original
uranium is moot.

(2) Precambrian pegmatite--shears in pegmatite in the Pitch Mine area
contain pitchblende, including the discovery outcrop for the Pitch Mine (Ward,
1978).

(3) Ordovician Harding Quartzite--uranophane and other u*o minerals fill
fractures in the quartzite and generally are accompanied by limonite (Malan,
1959). A carbonaceous bed containing fish scales at the top of the Harding is
radioactive. This bed guided prospectors to the Little Indian 36 deposit,
where the Harding is fractured in the Chester Fault Zone 2 km north of the
Pitch Mine. Production from the Little Indian 36 mine from 1957 to 1959 was
about 6,800 tons of 0.48 percent U30g (65,000 1bs U308) (Ward, 1978).

(4) Mississippian Leadville Dolomite and Pennsylvanian Belden Formation--
at the Pitch Mine oxidized and reduced uranium minerals occur in dark-gray
do1omi€é, sandstone, black shale, and coaley shale. Oxidation occurs to
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EXPLANATION FOR FIGURE 2

TQ: Tertiary to Quaternary talus and alluvium
fPbu: Pennsylvanian Belden Formation, upper unit
fPbm: Pennsylvanian Belden Formation, middle unit
fbl: Pennsylvanian Belden Formation, lower unit
Ml: Mississippian Leadville Dolomite

P€:  Precambrian rocks, undivided

~e Strike and dip of beds
= ---""Fault, dashed where approximately located, dotted where covered
Contact, approximately located
——f:}—'0verturned syncline, inferred
Uranium mineralized zone (>0.01 percent U308), projected to surface
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depths of about 100 m. In oxidized zones, disequilibrium is great and radio-
activity is much in excess of chemical uranium content (Malan, 1959). Pyrite
occurs in most unoxidized rocks, but many pyritic rocks have very low uranium
content. Fractures, shears, and breccia zones carry the uranium ores. Past
production from the Pitch (Pinnacle) Mine was about 1,100,000 1bs U30g (Ward,
1978).

Carbonaceous shales of the Belden are radioactive in many places, as at
the mouth of Indian Creek, 6 km southwest of the Pitch Mine.

(5) Eocene(?) carbonaceous regolith--several unusual small but high-
grade concentrations of uranium have been mined from "alluvium" (Gross, 1965)
and carbonaceous regolith developed in Precambrian gneiss and schist and in
places overlain by Tertiary volcanic flows (Malan, 1959). Mined localities
were at the Lookout No. 22 claim, previously mentioned, and the Bonita claims
east of the Continental Divide (about 11 km east of the Pitch Mine). Pitch-
blende and a number of U*® minerals have been identified from these deposits
(Malan, 1959; Gross, 1965). Most of the several hundred tons of high-grade
ore (about 3,900 1bs U308) produced from these deposits was from the pockets
in alluvium, and a lesser amount from vein-like deposits within Precambrian
host rocks (type 1, above) (Malan, 1959; Ward, 1978).

Unresolved problems are the ages and genetic relations of these various
types of uranium deposits. Most observers suspect the deposits have a funda-
mental geologic relation, such as a common source.

PETROCHEMISTRY OF CARBONATE ROCKS
Introduction.--The descriptive data base for this study comes from mapping

surface exposures, logging about 29,000 ft (8.8 km) of drill core in 73 holes,
and laboratory study of about 300 samples by petrographic, X-ray, and chemical
methods. Samples were routinely X-rayed to yield quick semiquantitative
estimates of major minerals precise to about 1+1 part per ten. Approximately
150 thin sections of carbonate rocks have been examined and an estimate of
mineral proportions made. All sections were stained with alizarin red S to

impart a red stain to calcite, however X-ray diffraction proved most reliable
in mineral determinations. Petrographic data and rock classifications are
presented in table 2 along with the results of chemical and X-ray analyses of
99 samples. Sample localities are shown on figure 4. Petrologic data and
classifications are given for 62 of the analyzed samples. The amount of data
in table 2 is enormous, and much of it cannot be described and interpreted

10
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here. A statistical summary for 39 of the variables measured on all samples
is included in table 3.

Lithology.--Approximately 350 m of carbonate rocks in five formations, occur
in the mine area. Many of the carbonates are lithologically very similar to
each other, especially the pinkish-tan-weathering dolomites? of the Manitou,
Fremont, and Dyer Dolomites. Dolomites and limestones of the Belden and
Leadville Formations generally are darker than the underlying carbonates and
seem to be reliably mapped even where present in thin faulted slivers (0lson,
1977). Attention in this study has been focused on carbonate rocks of the
Leadville and the Belden because they host ore in the Pitch deposits.

In the mine area dolomite is the predominant lithology of the Leadville.
Limestone occurs in a few places, one being 1 km west of the mine. The
limestone is generally thick bedded (about 30 cm), in places is cross-bedded,
and is 1light to medium b]ue-gréy on weathered surfaces and medium gray on
freshly broken surfaces. Fossils (ostracods, gastropods, forams, and brachio-
pods) and oolites are abundant. Dolomites are medium gray to black, often
with brownish or reddish-brown tones, and tend to be a bit lighter and bluish
on weathered surféces. Bedding ranges from medium to massive. Dolomites are
often faintly laminated (mm scale). Carbonaceous shale and sand layers are
very rare and are thin where present. Measurement of strike and dip of beds
in outcrop or drill core often is difficult or impossible. Most Leadville
Dolomites are fetid when broken. Brecciation of several types is common in
the Leadville Dolomite. In a few places the brecciation is associated with
curved surfaces and bounded by undeformed beds, suggesting intraformational
slumping. Some breccia at the top of the Leadville contains iron oxides and
seems to reflect karst development. Sample 39 is an example (table 2). A
large area of breccia 2 km south of the Pitch Mine contains angular and sub-
angular fragments but very little sparry carbonate cement. This breccia,
which probably formed in pre-Belden time, contains small amounts of iron
oxides and does not seem to be related to karst.

Leadville Dolomite in the Chester Fault zone at the mine is interpreted
to be bound by faults (fig. 2). In some drill core the dolomite is observed

The term dolomite, with lower case "d", will be used for rocks with
dolomite as the major constituent, and limestone for rocks having calcite as
the major constituent. The term carbonate is collective for both Timestone
and dolomite. "Dolomite" in formation names has a capital "D".

No page 13
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on a hematitic regolith of Precambrian rocks, which suggests a possible
depositional contact. However, there is no terrigenous debris in the dolomite
above the regolith, and on a regional écale a large paleoslope would be re-
quired to permit both Leadville Dolomite and Sawatch Quartzite to have been
deposited on the Precambrian. The Sawatch depositional contact is 2 km north
of the Pitch Mine and about 250 m lower in the section. The localities show-
ing Leadville on regolith are interpreted to be fault contacts, even though
the faults are not obvious in core. Maximum thickness of Leadville Dolomite
in the mine is about 17 m, only a small fraction of the total Leadville sec-
tion known in the area (about 130 m). It is not possible to establish the
stratigraphic position of the Leadville in the mine because it is highly
deformed, and the outlying Leadville displays no obvious internal units useful
for correlation.

Chert is common in the Leadville as veinlets, bed-1ike stringers, and
concretionary nodules. The chert is generally black, presumably from organic
matter. In some well exposed localities the bed-like chert is faulted off and
cut by a breccia of recrystallized dolomite. Much of the chert is probably
early diagenetic (Banks, 1970) although the occurrence of several cherty zones
that crop out over an area of more than a thousand square meters adjacent to
(under) the Chester Fault zone suggests some chert may be structurally con-
trolled and of Tertiary age.

Carbonate rocks in the Belden Formation generally are limestone, with
rare dolomite, and have thick to massive bedding. Color is 1ight gray or
bluish gray in outcrop, and medium gray to black or brownish black on fresh
surfaces or core. Terrigenous material is generally abundant in Belden car-
bonates; black or red shale laminae or enélosing beds are much more common
than in the Leadville. White or pink calcite veinlets are common in the
Belden carbonates, but chert and intrafonnational breccia have not been
observed.

Petrography.--Petrographic study of Leadville and Belden carbonate rocks
reveals the following major features:

(1) Leadville carbonates are consistently rich in dolomite, whereas in
most Belden carbonates calcite greatly exceeds dolomite.

(2) Clastic quartz sand and silt is consistently absent or less than 5
percent in Leadville samples, but is commonly present in Belden samples.

v
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(3) Fossils are essentially absent in the Leadville (only a few brachio-
pods were seen at two localities), whereas fossils (chiefly brachiopods,
forams, and ostracods) and oolites are present in most Belden carbonates.

(4) Most carbonate rocks in the ore zone are extremely fine grained and
are no more recrystallized than are those away from ore.

Leadville Dolomites (58 studied) cpnsistently contain more than 95 per-
cent dolomite and rarely contain more than traces of terrigenous quartz and
c]ay.2 Pyrite is, or was, present in essentially all dolomites in amounts
ranging from about 0.2 to 16 percent. Twenty percent of the dolomites display
faint lamination, 7 percent contain intraclasts, 8 percent contain burrows or
evidence of bioturbation, 3 percent contain sparse fossils, and 2 percent
contain pellets. Sand grains are generally round and are probably wind-
blown. Possible mudcracks are present in 5 percent of the dolomites, and
possible "birdseye" textures (openings filled by sparry carbonate) are present
in 3 percent. No gypsum, anhydrite, or halite have been observed in thin
sections or X-ray diffraction patterns, nor were any casts or pseudomorphs
after these evaporite minerals detected.

Based on composition and texture, all of the Leadville Dolomites are
classified as dolomicrites (Folk, 1959, 1962) or dolomite mudstone (Dunham,
1962) (table 2). In other words, the dolomites formed from dolomite mud or
dolomitized 1lime mud. The general absence of terrigenous grains or carbonate
clasts testifies to a probable lack of strong currents or wave action, meaning
that the environments were probably protected from the source by a barrier or
by distance. (See Dunham, 1962; Folk, 1962; and others.)

Two samples (numbers 37 and 38, table 2) from the Leadville collected
about 1 km west of the mine are notably different from the typical carbonates
described above. These samples show good bedding and crossbedding, are com-
posed entirely of calcite, and contain 30 to 40 percent fossils supported in
very fine calcite mud. They are classified as fossiliferous biomicrite (Folk,
1962) or packstone (Dunham, 1962). The locality 1 km west of the mine appears
to be in the middle to upper part of the Leadville. The significance of these
textures is that they testify to moderate current or wave energy that was
sufficient to move particles but not so great as to winnow out the fine car-

: 2This is clearly an oversimplification, as chemical analyses consistently
indicate more quartz and clay, based on normative calculations, than are
visible in thin section. This discrepancy is discussed later,.
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bonate mud. This facies of the Leadville, unusual in the mine area, probably
formed during a marine transgression.

Carbonate rocks in the Belden Formation are conpositionally and textur-
ally more diverse than in the Leadville. It is clear that in the Belden a
continuum exists between essentially pure carbonate rocks and terrigenous
rocks. Here we will consider only those samples containing more than 50
percent carbonate minerals. Of the 29 samples that meet this criterion, 60
percent contain 10 to 50 percent sand and silt grains, 28 percent are fossili-
ferous, 18 percent are bioturbated, and 12 percent contain intraclasts. Most
of the Belden carbonates contain calcite and very little or no dolomite; 15
percent had dolomnite in excess of calcite. Based on these compositional and
textural data (table 2), most Belden carbonates are classified as sandy
micrite (Folk, 1962) or sandy wackestone (Dunham, 1962). In a few samples,
sparry calcite cements clasts. These rocks contained very little mud and are
classified as grainstone (Dunham, 1962). :

Chert nodules and stringers in the Leadville are replacements of carbo-
nate rock and are very finely crystalline chalcedonic quartz. Grain size
typically is less than 15 microns. Specks of opaque iron oxidesand carbo-
naceous matter occur between chalcedony crystallites. Irregular veinlets or
swaths of more coarsely crystalline quartz'(50 microns to 1 mm size) cut or
grade from the aphanitic chert. Textures of chalcedony and quartz in the
broad, silicified "jasper" zones are similar to that in chert nodules.
Petrography of ore-bearing carbonate rocks.--Most of the foregoing petro-
graphic descriptions pertain to carbonate rocks in the ore zone. For emphasis
some additional comments are warranted here. Specific topics of interest are
the textures of dolomites hosting ore, the nature of breccias hosting ore, the
occurrence of pyrite and uranium minerals, and the nature of oxidation in

ocher dolomites. )

The most important host for ore in the Pitch deposit is dark-gray dolo-
mite of the Leadville. In the ore zone this dolomite has a very consistent
composition. Calcite is a minor constituent, except in the oxidized ocher
dolomites discussed below. Quartz content is the major variable and is
chiefly cherty silica, which quite probably is older than the ore. Fragments
of chert are seen in breccia; hence that chert is pre-fault. Terrigenous
quartz, feldspar, and clay are very rare to nonexistent, even though the
dolomite frequently rests on the Precambrian and some have proposed that the
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Leadville was deposited on the Precambrian. Some Leadville samples contain 1
to 3 percent quartz silt,'but dolomites with silt content greater than this
are probably from the Belden but this is not possible to recognize while
logging core. All ore-bearing dolomites are fractured or brecciated. The
narrow, millimeter-size fractures generally carry sparry dolomite or calcite,
with some fine pyrite. Texturally, the Leadville Dolomites in the ore zone
are extremely simple, as no fossils and only a few dolomite intraclasts have
been observed. The rocks must have been dolomicrite, some of which have been
neomorphosed to x-microdolospar and x-pseudodolospar. There is no evidence
for the Leadville Dolomites being secondary after 1imestone, as they have all
the features of modern primary or penecontemporaneous dolomites, as will be
discussed.

Some dolomites in the ore zone contain more than 10 percent clastic
quartz and are fossiliferous. These rocks have the petrographic features of
Belden carbonates. Because very little of the Belden carbonate is dolomite,
some of these samples may reflect secondary dolomitization, although there is
no evidence for secondary replacement textures, or paragenetic relation to
ore. These samples also represent a special structural and stratigraphic
problem and will not be discussed further--except to point out that some (10
percent?) of the dolomite in the ore zone is probably Belden. An alternative
possibility is that the silty dolomite is an upfaulted block to Dyer Dolomite.

Carbonate breccias are very extensive in the Chester Fault crush zone,
It is common to observe in drill core 5 to 10 m of quite uniformly and
thoroughly brecciated dolomite. Such zones are generally consistently minera-
lized, indicating that dark dolomite breccia is a favorable host, presumably
for both physical and chemical reasons. The breccias generally are not well
cemented, and fragments and matrix are not notably recrystallized. Extensive
cementation of breccia by silica or sparry carbonate has not been recognized,
Many breccias are a mixture of lithologies that must have originated in dif-
ferent formations. The mixing of breccia fragments is consistent with the
extremely complex interfaulting of slivers of Precambrian, Leadville, and
Belden rocks. -

Carbonate rocks in the Pitch Mine area have been recrystallized to vary-
ing extents, but there is no evidence that the recrystallization depends on
proximity to the ore zone or the Chester Fault zone. Most dolomites have been
recrystallized to equigranular subhedral crystals with average size 15 to 50
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microns. According to the classification of Folk (1965), most neomorphic
dolomite is x-pseudospar (>31 microns) and x-microspar (4 to 31 microns). At
some localities dolomite is so coarsely recrystallized that individual grains
sparkle in hand specimen and are seen to be 100 to 200 microns across in thin
section. These crystalline dolomites are in zones that are cherty and show
evidence for intraformational slumping and brecciation, hence the coarsest
recrystallization appears to be an early diagenetic phenomenon.

Dolomites in the ore zone, and in general in breccias along the Chester
Fault zone, show remarkably little recrystallization. Many are essentially
unrecrystalilized (grain size less than 4 microns), and dolomite matrix between
the breccia fragments typically is very finely crystalline (less than 16
microns) and generally is finer than the dolomite in the breccia fragments.
Crustified and syntaxial overgrowths (Folk, 1965) have not been observed, even
in fault breccia. Sparry calcite and dolomite fill fractures and possible
desiccation cracks as re]ati?e]y coarse-grained (50-200 micron) crystals, but
the fill is not neomorphic carbonate.

Recrystallization of these carbonate rocks seems to be normal coalescive
neomorphism, as commonly happens during diagenesis (Folk, 1965). Hence, most
recrystallization probably occurred in the Paleozoic, long before the area was
deformed and probably long before uranium was emplaced.

Pyrite occurs in all Paleozoic lithologies in the ore zone. It is most
conspicuous as coarse crystals in white Belden sandstones, but pyrite is also
present as small crystals in siltstone, carbonaceous shale, and coal, and in
dolomite and limestone of the Belden and Leadville. Pyrite in carbonate rocks
occurs in three habits: (1) along silty bedding planes; (2) dispersed as tiny
crystals, generally less than 50 microns in size, throughout the rock; and (3)
along fractures and in breccia matrix. The contribution of fine dispersed
pyrite is significant and probably explains as much as about 0.5 weight per-
cent of the sulfur content (or about 1 percent pyrite).

The distribution of uranium minerals in carbonate rocks is a very complex
topic that cannot be covered adequately here. Veinlets of pitchblende and
coffinite a few millimeters wide are rarely seen. Much of the uranium is not
visible in recognizable minerals in drill core or under the microscope in
incident light. Even in core samples containing 2 to 5 weight percent U308 no
uranium minerals are visible. Presumably most of the uranium is carried in
the matrix of breccia and along numerous tiny cracks as very fine grained
films of pitchblende or coffinite.
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Carbonate rocks in the Chester Fault zone are oxidized to depths of more
than 100 m along faults and can be pervasively oxidized in the upper 60 m of
some breccia zones. In the most severe instances, near-surface carbonate
rocks are oxidized and leached to a porous, friable, ocher-colored rock com-
posed of quartz iron oxide:with only traces of calcite (sample 3, table 2).
More common is an intermediate product--ocher colored dolomite (e.g., samples
612-15 and 445-28, table 2), which may have some voids and has more quartz and
calcite than normal. Petrographically, the ocher dolomites seem to be only
slightly modified, with the exception that original disseminated pyrite is
oxidized to iron oxides and cracks are covered with a thin film of iron oxide
(transported iron). Hence, there seem to be two end-member situations: (1)
leached and oxidized gossan formed from dolomite, and (2) oxidized but other-
wise barely altered dolomite in which the only major change is oxidization of
pyrite and transport of some iron to produce a strong color effect. Uranium,
which was probably present in much of the ocher dolomite of both types, is
present at concentrations of only about 50 to 200 ppm (0.005 to'0.02 percent)
(table 2). Most of this oxidation and uranium leaching must be relatively
recent, because the oxidized rocks are badly out of radioactive equilibrium.
Some reduced zones are reported to have chemical uranium in excess of radio-
metric (Malan, 1959), suggesting redeposition of recently leached uranium.
Presumably the cause of the leaching is sulfuric acid generated by oxidizing
pyrite. Radium is precipitated by sulfate, a factor contributing to the
disequilibrium problem (Phair and Levine, 1954).

Preliminary comments on carbonate geochemistry.--Analytical data for 99
samples of carbonate rocks from the Leadville Dolomite and Belden Formation

are in table 2 along with mineralogical and other descriptive data. The
surface samples generally were collected as being representative of larger
volumes of similar 1ithology. The drill-core samples (those having five- or
six-digit numbers, in the conventional hole number-depth numbering style)
generally were selected for special attributes such as color, oxidation, or
uranium content, and as such may be representative of several feet of core, or
of less than a foot. Drill-core samples generally were less than 200 grams
total weight, and part of each sample was reserved for X-ray studies and a
thin section; hence the material analyzed is not representative of a large
volume of rock. No sampling was done according to a uniform plan, as is
commonly advocated for statistical rigor, and some lithologies, such as chert,
were probably sampled in excess of their geologic occurrence.
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Statistical summaries of 39 variables in two sample groups, Leadville and
Belden, are given in table 3. Multivariate statistical tests are being made
and will be interpreted and reported in a separate publication.

Two methods can be used to evaluate the chemical data: comparison within
the sampled population, and comparison with rocks elsewhere. Within-
population variation will be tested by multivariate methods. Regrettably,
there is remarkably little chemical information in the literature for many key
elements, such as organic carbon, iron, and sulfur, and most analyzed carbo-
nates are not described lithologically. Weber {1964) reports data for several
types of dolomites, but his element suite is limited; nonetheless it probably
is the best data for comparison because specific varieties of dolomite are
grouped. Graf (1960) has assembled a great mass of chemical data, and his
compilation probably the most complete available, but most reports that Graf
cites do not include petrographic description. Consequently, it is difficult
to know if much of the chemistry is unusual, because comparable information is
Tacking.

Aluminum.--Mean aluminum content of Leadville and Belden carbonates is 1.78
and 2.17 percent A1203, respectively, which is equivalent to 4.4 and 5 percent
normative clay (table 3). The clay in the Leadville samples generally is not
evident in thin sections, possibly because of the contrasting optics of dolo-
mite and very fine clay. The aluminum content of these carbonates is much
higher than reported by Weber (1964) for primary dolomites or Till (1970) for
lagoonal carbonate sediment. However, the amount of normative clay, calcu-
lated from aluminum, is less than Roehl (1967) reports for supratidal dolo-
mite. Till (1970) demonstrated that aluminum content correlates strongly with
carbonate mud content in Holocene sediments and suggested that an environ-
mental factor, probably quietness of water, controls the concentration of clay
minerals and carbonate mud. Till's remarks seem relevant to the present
problem, but the amount of clay or aluminum typical of various carbonate
environments has not been established.

Iron.--Iron is most easily discussed as total iron or as total iron expressed
as Fe203, because many analyses in the literature report only total iron.
Also, it is possible that the relative amounts of ferrous and ferric iron in
the present analyses are in error, because there generally is more ferric iron
than indicators such as organic carbon and pyrite would suggest. Total iron
content” of the Leadville Dolomites (2.84 percent Fe203; 1.99 percent Fe)
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Table 3.--Statistical summary of petrochemical data for Leadville Dolomite and Belden Formation

Leadville Dolomite Belden Formation Mean
. Stapdard Minimum Maximum Stapdard Minimum Maximum Referenfe

Variable Average deviation value value Average deviation value value value
$i0, (%) 22.67 26.93 0.20 97.70 21.37 20.57 2.90 92.20 --

A]203 (%) 1.79 2.65 0.03 13.70 2.17 2.21 0.33 11.60 0.34 (W)
Fey04 (%) 2.54 7.28 0.02 46.40 1.37 1.30 0.05 4.70 0.40 (W)
FeO (%) 0.27 0:30 0.00 1.40 0.33 0.48 0.00 2.50 --

Mg0 (%) 13.28 7.06 0.07 20.80 7.43 6.98 0.35 18.70 -

cao (%) 23.92 11.64 0.15 53.10 31.98 12,82 2.00 53.00 -

Na,0 (%) 0.030 0.03 0.00 0.10 0.04 0.05 0.00 0.28 0.053 (W)
K50 (%) 0.38 0.42 0.00 1.60 0.55 0.61 0.04 3.40 0.79 (W)
HZO+ (%) 0.98 1.56 0.16 9.10 0.80 0.61 0.24 2.60 -

HZO" (%) 0.39 0.84 0.01 5.50 0.28 0.22 0.03 0.89 --

Tio, (%) 0.088 0.11 0.00 0.53 0.13 0.13 0.00 0.69 0.034 (W)
P,0g (%) 0.038 0.03 0.00 0.20 0.093 0.11 0.01 0.63 -~
- Mn0 (%) 0.074 0.06 0.00 0.31 0.078 0.05 0.01 0.19 0.032 (W)
co, (%) 33.15 15.26 0.00 48.20 33.02 10.76 1.20 45.50 --

F (%) 0.032 0.02 0.00 0.08 0.038 0.03 0.01 0.21 0.032 (G)
S (%) 0.36 0.99 0.01 6.30 0.34 0.73 0.02 3.10 -

C total (%) 9.37 4.13 0.20 13.16 9.42 2.98 0.44 12.85 --

C organic (%) 0.25 0.22 0.00 0.88 0.34 0.66 0.00 4,20 0.24 (Ge)
Carbonate (%) 9.11 4.17 0.00 13.07 9.07 2.96 0.42 12.35 --

¢l (ppm) 143.6 125.7 25.0 550 82.5 53.8 25.0 230 207. (W)
Ba {ppm) 116.8 131.7 20.0 920 182.8 . 317.9 55.0 2100 86. (W)
Sr (ppm) 91.9 75.4 10.0 310 240.5 147.9 49.0 620 174, (W)
Pb (ppm) 20.9 34.9 0.8 220 22.7 39.9 1.0 200 68. (W)
In (ppm) 112.6 341.0 5.0 2600 127.7 236.4 5.0 1000 1100. (W)
Ma (ppm) 6.94 15.5 0.05 88.0 2.28 4.0 0.05 19.0 1.1 (G)
Hg (ppm) 0.187 0.49 0.005 2.6 0.050 0.099 0.005 0.56 0.07 (G)
U (ppm) 1506.8 5874.4 0.18 33500 116.4 217.9 1.56 1190 2.1 (G)
Dolomite XR 5.8 3.1 0.0 10 4.3 2.8 0.00 9.0

Calcite XR 1.18 2.32 0.0 10 . 2.3 2.8 0.00 8.0

Quartz XR 3.0 2.8 0.0 10 3.1 1.6 1.0 10.0

Clay XR 0.2 0.46 0.0 2 0.3 0.6 0.00 0.0

Hematite XR 0.08 0.5 0.0 4 0.0 0.0 0.0 0.0

Dolomite NM 63.8 33.0 0.5 99.0 37.6 33.3 2.0 92.0

Calcite NM 9.8 19.7 0.0 95.0 38.9 34.5 0.5 95.0

Quartz NM 19.5 26.3 0.5 98.0 16.9 19.2 2.0 91.0

Clay NM 4.4 7.6 0.0 39.0 . 5.02 5.5 1.0 31.0

Hematite NM 1.8 6.8 0.0 44.0 0.58 0.8 0.0 3.2

Pyrite NM 0.8 2.40 0.0 16.0 0.8 1.9 - 0.0 8.0

lpeference values from Graf (1960), (G); Gehman (1962), (Ge); and Weber (1964), (W).
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appears to be abnormally high, approximately seven times the 0.40 percent
Fe203 reported by Weber (1964). Belden carbonates contain about four times
the amount of iron Weber reports. Statistical tests on ore zone samples
indicate that iron correlates very strongly with uranium and is important in
forming iron sulfides, which also correlate very strongly with uranium. At
this point I do not know any residence of iron other than FeSz, or the time of
introduction of iron (sedimentation, diagenesis, or epigenesis). Iron appears
to be a key chemical component. '

Sodium and chlorine.--These elements have been proposed as indicators of
sedimentary environment (Land and Hoops, 1973). Sodium and chlorine content
of these carbonates is not as high as reported by Weber (1964) for primary
dolomites. Possibly the criteria of Land and Hoops (1973) are not reliable
for ancient dolomites that are highly fractured and hence, susceptable to loss

of soluble salts.

Organic carbon.--Organic carbon content of Leadville Dolomites (mean 0.24
percent) is not as high as anticipated for these dark-gray rocks. This value
matches that reported by Gehman (1962) for his survey of carbonate rocks.
Apparently the Leadville and Belden carbonates do not contain abnormal amounts
of organic carbon, although the literature data base does not appear broad

enough to be a reliable comparison. Preliminary correlation and R-mode factor
analyses indicate that uranium is essentially independent of organic carbon
content.

Sulfur-and normative pyrite.~-Sulfur content of these rocks, about 0.35 per-
cent for both Leadville and Belden samples, may be abnormal. However, I have
been unable to locate any chemical data on sulfur content of carbonate rocks

elsewhere. For reduced rocks containing organic carbon and visible pyrite,
calculations of normative pyrite indicate that iron is present in excess of
the amount that could combine with the available sulfur to form FeS,. Norma-
tive pyrite and total S correlate extremely highly with uranium. Sulfur and
iron history of these rocks seems to be important in formation of the uranium
deposits.

Pyrite and marcasite occur as very fine disseminations and veinlets in
dolomite. The age(s) of the FeS, is not understood at present, nor are the
reasons for enrichment in FeS,. The organic matter in the Leadville-Belden
section would probably have fostered sulfate-reducing bacteria, and carbona-
ceous matter in shales or in carbonate rocks may have served as a substrate
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for bacteria. The viability of this mechanism to make sulfide, and its perti-
nence to reduction of uranium, should be testable by stable isotope studies.
Minor elements.--Minor elements Ba, Sr, Pb, Zn, Mo, Hg, and Ag were investi-

gated for use as possible pathfinder elements for uranium. Minor element
concentrations in the Leadville and the Beldon appear to be at or below normal
levels, compared to those in normal rocks elsewhere (Weber, 1964; Graf, 1960).
Mo is the only minor element enriched in either formation: it has a mean
concentration of about 6.7 ppm in Leadville samples, and it ranges as high as
88 ppm in a high-grade ore sample. Mo correlates very strongly with U in
statistical tests on ore sample subsets and appears to be a useful pathfinder
for uranium.

Summary data for Cr, Cu, Ni, V, and Zr are in table 4. It is evident
that normal amounts of these elements occur in Leadville and Belden carbonates
and that ore samh]es are not enriched relative to unmineralized rocks. 1In
this environment, Cr, Cu, Ni, V, and Zr do not appear to be of use in explora-
tion for uranium.

INTERPRETATION
Sedimentation and diagenesic of the Leadville Dolomite.~-The selectivity of

uranium for Leadville Dolomite necessitates inquiry into the origin of the
rock in order to better understand possible causal relationships. Are there
mineralogic, petrologic, or chemical features that explain uranium deposition?
Are there features of the host dolomites that should be anticipated in select-
ing favorable targets elsewhere in the Leadville or in other formations?

Several features of Leadville Dolomites bear attention in considering the
origin of the rock: (1) the dolomite is consistent vertically (tens of
meters) and laterally (thousands of meters); (2) intraclasts such as fossils
and carbonate clasts are extremely rare; (3) terrigenous clastics are volu-
metrically insignificant within dolomite beds or as interbeds; (4) samples
suspected to have undergone very little recrystallization are very fine
grained (micrite) and hence were deposited as muds; and (5) recrystallization
appears to have taken the form of coalescive neomorphism, which produced
larger grains of relatively uniform grain size with rare evidence for replace-
ment of former grains or filling of pores.

The texture and the mineralogy of the dolomicrites and of their neomor-
phosed equivalents are consistent with numerous reports of ancient or Holocene
dolomite termed "primary" or "early" dolomite (Folk, 1973). These rocks are
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generally believed to form from carbonate mud that accumulated in relatively
quiet water, such as lagoons, or in beach areas beyond the reach of normal
3). The genesis of the mud is moot: debated
origins include chemical precipitation, decay of algae, and disintegration of

wave action (supratidal zone

shells.

It is generally agreed that diagenesis of the carbonate mud starts as
soon as the mud grains settle because they are chemically reactive in pore
fluids. The origin of dolomite has been extensively debated over the past 20
years, and no universal mechanism is agreed upon. The common association of
dolomite with evaporites, especially gypsum and anhydrite, is pertinent to
this debate because crystallization of the calcium sulfate mineral raises the
Mg:Ca ratio of seawater (e.g. Deffeyes and others, 1965; Folk, 1973). The
supratidal environment seems a more logical setting for development of evapo-
rites, but such an enviromment is not clearly established for the Leadville in
the Pitch Mine area.

Features of carbonate rocks associated with supratidal, intertidal, and
subtidal environments (Kahle and Floyd, 1971) are listed in table 5 along with
observations for ihe Leadville and Belden carbonates in this study. Many
features associated with supratidal environments are observed in the Leadville
Dolomites, particularly the thin laminae and the lack of fossils. Other
features need comment.. Algal stromatolites are either poorly developed or
absent in the Leadville of this area. Nothing resembling stromatolite heads
has been observed, but possibly the relatively common thin laminae are flat-
laminated stromatolites or algal mats such as are present in some supratidal
zones (Campbell, 1970; Gebelein and Hoffman, 1973; J. A. Campbell, oral
commun., 1979). Although neomorphism could have obscured stromatolite struc-
tures, the apparent absence of stromatolites seems to be a problem if the
Leadville was supratidal. Desiccation cracks and "birdseye" textures are rare
if present at all, and no evaporite minerals have been confirmed or inferred.

3Supratida1, intertidal, and subtidal, are used in the sense of Shinn and
others (1965), Laporte (1967), and Roehl (1967). Quoting Roehl (1967, p 1991):
"The supratidal zone * * * is above mean high tide and is only subject to
spring- and storm-tide floods. The intertidal zone * * * is between mean low
and high tides. The infratidal zonc [here called subtidal] * * * is below mean
low tides, including most of the shallow offshore marine." The term "tidal
flat" will be used for the slightly less specific zone that includes both
supratidal and intertidal, that is, both the zone that is frequently flooded
and the zone that is usually unflooded.
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Table 5.--Sedimentary features associated with carbonate depositional
environments (after Kahle and Floyd, 1971)

[C, common; R, rare or less common; No, not observed; Y, observed with
no estimate of frequency; P?, possibly present; --, not reported]

Environment This study
Feature Leadville Belden
Supratidal Intertidal Subtidal Dolomite Carbonates

Finely laminated

dolomite mud C R -- C R
Intraclasts C R - R R
Algal stromatolites C R - P? No
Desiccation cracks C C - R No
Bituminous films C -- - C R
Lack of fossils C R N C R
Evaporite minerals C R No No No
Birdseye texture C C No P? No
Crossbedding -- C -- R No
Burrows R C C R R
Highly fossiliferous -~ R C No C
Ooolites No R C No C
Red color Y -- -- No Y
Gray color C C C C C




Some thin beds of white minerals have been observed by geologists of Homestake
Mining Company when logging fresh core, but I have not recognized any in core
or outcrop. The paucity of evaporite minerals might be explained by recent
leaching of these soluble minerals, although no voids with rectangular morpho-
logy have been observed. Likewise no edgewise conglomerate, prominent intra-
clasts, or other evidence for high-energy activity from storms or high tides
are known in the Leadville, although such features would be expected in carbo-
nates deposited in a supratidal succession.

Although not firmmly established, there are several lines of evidence that
the Leadville in the Pitch Mine area accumulated in a supratidal zone, and
this interpretation has been accepted as a working hypothesis. The most
likely alternative environment is that of a lagoon; however, a lagoonal envi-
ronment probably should have left a record of abundant shells, forams, and
oolites (e.g. Laporte, 1967; Ti1l, 1970), which are rare in the Leadville.

The Leadville Dolomite exhibits finely laminated dolomicrite in the
Leadville-Aspen-Glenwood Springs areas, about 75 to 150 km north and northwest
of the Pitch Mine. Leadville dolomicrite in the Pitch Mine area seems very
similar to the Redc1iff Member of the Leadville defined by Nadeau (1972), but
the dolomicrite is thicker (about 130 m) in the mine area than the 29 to 53 m
reported for the Redcliff Member. Nadeau (1972) interpreted the micrites and
dolomicrites of the Redcliff Member to have formed "as a result of biogenic
action in a sheltered environment such as a shallow lagoon" (p. 99). Conley
(1972) reported on the Leadville about 40 to 80 km northwest of the area
studied by Nadeau, and observed similar features. He observed 3 to 15 m of
laminated dolomicrite in the lower part of the Leadville with common desicca-
tion polygons and some casts of salt crystals. He concluded that the lamina-
tions are similar to features interpreted to be algal stromatolites in other
areas. Conley interpreted that the laminated dolomicrite formed in what he

termed the "upper intertidal zone," which is "flooded infrequently by spring
or storm tides" (p. 113)--termed supratidal here. The Dyer Formation, similar,
in most aspects to the overlying Leadville, displays most of the sedimentary
features of the Leadville (Campbell, 1970). The Coffee Pot Member of the
Dyer, a dolomicrite is essentially the mirror image of the Redcliffe Member in
a regressive-transgressive sequence, is interpreted by Campbell (1970, p. 95)
to have formed in an "intertidal mud-flat environment that was periodically

* * * flooded with shallow warm water that transported carbonate mud."
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Campbell notes that algal stromatolites probably produced the thin laminations
in the dolomicrite and that burrowing organisms probably destroyed much of the
laminations, explaining the rarity of stromatolitic heads and other éssociated
features observed in better preserved examples elsewhere.

Sedimentation of the finely laminated carbonate muds of the Leadville
thus appears to have occurred in a tidal flat or supratidal environment, based
on comparisons with modern (e.g., Shinn and others, 1969) and ancient
(LaPorte, 1967; Roehl, 1967) examples and with other carbonate rocks nearby.
The key concept is that there was very low water energy. Dolomitization
probably started soon after the mud was deposited. The observed uniformity of
the dolomite is a major constraint on the mechanism of dolomitization. If
evaporation of pore waters (Shinn and others, 1965) produces interbedded
limestone and dolomite, as suggested by Thompson (1970), then that mechanism
cannot be advocated for this area. Reflux dolomitization (Deffeyes and
others, 1965) is thought to affect thicker sections of tidal flat sediments by
through-going movement of dense hypersaline brines, which would seem to fit
the geometry of the dolomite in this study area. There is no evidence for
"rock-selective" dolomitization along permeable beds, however, as Murray
(1969) suggested should occur with a refluxing brine.

An interesting alternative environment for dolomicrite formation is in
alkaline lakes as documented by von der Borch (1976) for the Coorong area,
South Australia. Important aspects of Coorong-type dolomicrite are the
absence of associated evaporites and replacement textures. This variety of
dolomite forms from continental ground water near the interface with marine
ground water, immediately inland from the coast in a lagoonal setting. Dolo-
mite formed from continental ground water would probably have diagnostic
geochemical characteristics, such as higher silica, iron, and uranium content
than marine dolomite, but these chemical differences have not been documented
in the Coorong area.

Diagenesis of the Leadville Dolomite, including formation of dolomite and
chert, and recrystallization, probably was essentially complete prior to
sedimentation of the Belden. This conclusion is based on the general observa-
tion that diagenetic effects appear to be intraformational and on the observa-
tion (e.g., Land, 1973) that diagenesis (cementation, dolomitization) can be
very rapid (less than about 100,000 years) and can occur at near-surface
temperature and pressure. The dolomite does not display replacement textures,
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which is consistent with a prelithification origin. Recrystallization clearly
occurred prior to deformation along the Chester Fault because breccia
fragments contain intermixed coarse and fine-grained dolomite in a matrix of
fine dolomite. The dolomite shows no evidence of diagenesis by meteoric water
(Folk, 1973) during the time of the sub-Belden unconformity, except for the
development of karst containing ferrugenous cement, similar to the terra rosa
that Roehl (1967) notes associated with karst, and some chertification.

Extent of favorable facies.--If the previous interpretation that sedimentation

occurred in a tidal flat or supratidal environment is correct, then one can
predict that the dolomicrite facies, apparently favorable for uranium, should
have great lateral persistence. Studies of Holocene tidal flats (e.g.,
Deffeyes and others, 1965; Shinn and others, 1969), of ancient carbonates
interpreted to have formed in the tidal-flat environment (e.g., LaPorte, 1967;
Roehl, 1967; Griffith and others, 1969), and of similar facies of the Lead-
ville in Colorado (Nadeau, 1972) indicate that the environment is persistent
for at Teast 1 km downdip and for tens of kilometers along strike. The obser-
vation that ancient rocks deposited on tidal flats are much more extensive
than recent tidal flats merely shows . the effect of gradual transgression
and regression through time (Shinn and others, 1969). The unusual thickness
and uniformity of the Leadville dolomicrite suggests that the Leadville sea
and the adjoining landmasses were unusually stable, hence the dolomicrite may
be expected to have once extended over a very large area, approximately thou-
sands of square kilometers. Thickness of the dolomicrite probably was very
uniform over this area also. However, if the Leadville formed in a Coorong-
type lacustrine setting, dolomicrite facies would be more localized and would
be interbedded with marine-type wackestone and packstone (von der Borch,
1976).

Influence of sedimentary environment on rock geochemistry.--Sedimentation

obviously was the prime influence on the present contents of major constit-
uents, such as Si0, and Ca0. Content of A1203, reflected chiefly as clay, is
possibly unusually low for the tidal-flat environment, as supratidal carbo-
nates often contain more than 5 percent clay (e.g., Roehl, 1967, p 2026). The
sedimentary setting probably was a major influence on dolomitization (Mg0), as
previously discussed. Three elements of particular interest to the problem of
formation of uranium deposits are organic carbon, iron, and sulfur.

*
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It was suspected a priori that the contents of organic carbon, iron, or
sulfur in the Leadville Dolomite might influence uranium deposition as they
are believed to do in other types of uranium deposits. At this point iron,
sulfide, and uranium correlate strongly, and uranium appears to be independent
of organic carbon. Unfortunately there is a scarcity of published data on
organic carbon in carbonate rocks, especially for specific carbonate environ-
ments.

According to the literature, there is no clear pattern of organic carben
variation with carbonate environments. The limited data of Gehman (1962) show
that the mean organic carbon content of lime mud is 0.18 percent, as compared
to 0.23 percent for skeletal grains and 0.24 percent for all limestones. Till
(1970) found no correlation of organic éarboﬁ with lime mud or with other
constituents across three facies of a modern lagoon; no algal tidal-flat
-~ environments were sampled. However, carbonaceous films are described in
supratidal micrites (e.g., Kahle and Floyd, 1971), and organic layers in
laminated rocks are said to form from decayed algal mats (Hamilton and Green-
field, 1965; Shearman and Skipwith, 1965; Alberstadt, 1973; Gebelein and
Hoffman, 1973). Another source of organic matter could be marsh grass, roots,
and leaves of plants growing in tidal marsh. At this point I have insuffi-
cient information to demonstrate that an ancient tidal-flat environment should
contain abnormal amounts of organic carbon. I find this hypothesis attrac-
tive, but clearly more testing is required.

Iron and sulfur are of obvious interest as possible reductants for
uranium. Because the two elements commonly combine to form FeS2 (pyrite or
marcasite), they will be considered together. In a survey of minor elements
in dolomites, Weber (1964) found an average of 2,790 ppm iron (0.40 percent
Fe,03). Friedman (1969) pointed out that river water contains much more iron
than sea water and that this difference is reflected in the composition of
calcareous sediments and shells. Lagoonal carbonates contain about 1,000 to
4,000 ppm iron, compared to about 2 to 100 ppm iron in marine carbonates. I
have found no information on iron content of supratidal sediments. There is
even less data on sulfur in carbonate rocks. Turekian and Wedepohl (1961)
report a value of 1,200 ppm (0.12 percent) sulfur in carbonate rocks broadly
defined, and that value may not be relevant for dolomites of the type
described here. Bluck (1965) records frequency of pyrite crystals in carbo-
nates,"and concludes that pyrite is most abundant as detrital grains in
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quartz-rich graded beds. He found no overall difference in pyrite abundance
across seven microfacies (supratidal to subtidal). Schmidt (1965) gives a
good description of pyrite and marcasite occurrence in Timestone and dolomite
and reports that allochems and iron silicates are favored sites. The amount
of replacement iron disulfide increases as the content of mud-size silicate
increases (Schmidt, 1965, p 154). Useful information also comes from Shinn
and others (1969, p. 1215), who describe sediment color and presence or
absence of H,S odor in a modern tidal flat: "Al11 fine-grained shallow water
sediments deposited below normal low tide are gray in color, whereas those
above normal low-tide level are light tan or cream colored. The strong odor
of HpS and the gray color of subtidal sediments indicate that iron compounds
have been reduced to dark colored iron sulfides." The observation by Shinn
and others that oxidation and reduction are controlled by the level of tides
is important, although it seems to conflict with observations of many dark-
gray rocks that contain mudcracks and hence are interpreted to have formed
subaerially in the supratidal environment. Presumably the amount of sulfur
that can be held as sulfide in reduced rocks is related to iron content in the
atomic ratio 1 Fe:2 S. If the average dolomite contains about 2,790 ppm Fe,
then the maximum sulfide that can combine with it to form FeS, is about 3,200
ppm S (0.32 percent). The content of iron in the Leadville Dolomites greatly
exceeds this value, and sulfur is slightly higher. There is no precedent in
the literature that can be used to explain anomalous iron and sulfur content
by sedimentary processes or as a diagenetic consequence of a particular sedi-
mentary environment.

Possible role of karst.--Karst is well known in the Leadville Formation in

central Colorado. Iron-stained karst in the Pitch Mine area have been pros-
pected for mineralization (many have been excavated or blasted) and are shown
as prospect pits on the topographic map. Recently Dupree and Maslyn (1979, p.
826) have proposed that uranium at the Pitch Mine "largely occurs in the black
organic-rich matrix material of carbonate breccias. These breccias have
previously been described as Pennsylvanian Belden Formation falut breccias".
My observations, particularly in the ore zone, do not agree with those inter-
pretations. The carbonate breccias are classic tectonic breccias very clearly
re]gted to the complex zone of fau]tfng called the Chester Fault. The
breccig; and uranium grade, die out below and to the west of the faults. By
inspection of numerous cores, new open pit exposures, and thin sections I find
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no evidence for "organic-rich matrix" or washed in clayey sinkhole fill.
Chemical analyses do not indicate presence of unusual amounts of organic
carbon or aluminum in uranium-bearing breccias. On close inspection and
microscopic examination, black portions of some core are fragments of black
Belden shale; their presence is consistent with tectonic mixing of breccia in
a complex fault zone. Karst features that I have observed outside of the mine
are characterized by iron oxide fillings, not black clays, and are only
slightly radioactive.

SUMMARY

Important newly documented uranium reserves at the Pitch Mine occur in
brecciated Leadville Dolomite along the Chester reverse fault zone. Uranium
minerali;ed zones are is generally thicker, more consistent, and of higher
grade in dolomite than in other hosts, and roughly 50 percent of new reserves
are in dolomite. Strong physical control by dolomite is evident as this is
the only lithology that is pervasively brecciated within the fault slices that
make up the footwall of the reverse fault zone. Physical controls on uranium
distribution are probably more important than chemical, but favorable
chemistry is also an obvious requirement for uranium deposition.

The Leadville is predominantly dolomicrite across tens of meters verti-
cally and thousands of meters laterally. Mud texture, general lack of fossils
and other allochems, thin laminations, and probable algal-mat structures
suggest sedimentation in a tidal-flat environment. Dolomitization was perva-
sive and pre-lithification. An alternate environment of sedimentation, that
of marginal marine lakes, is a possibility that cannot be evaluated at present
but is attractive, as continent derived ground-water in that environment would
be a good source of the anomalous iron and microcrystalline silica in the
Leadville.

Fracture- and breccia-controlled pitchblende and coffinite are associated
with epigenetic pyrite and marcasite. Magnesium, iron, sulfur, molybdenum,
and lead are enriched in the ore, but uranium shows no correlation with
organic carbon content. The mechanism of uranium deposition is not clear;
sulfide ion seems to be invd]ved, but organic carbon does not appear to be
directly involved.
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Table 2.--Petrochemical data for carbonate rocks,
Pitch Mine area
EXPLANATION
Abbreviations: --, not determined.

Chemical analyses.--Major elements, including F and S, were determined by

single solution technique (Shapiro, 1975) in the U.S. Geological Survey's
rapid rock analysis laboratories, Reston, Va., by H. Smith. Minor elements
determined by E. Campbell using atomic absorption spectrometry for Ba, Sr, Ag,
Pb, Zn, and Hg; specific-ion electrode for C1; and spectrophotometry for Mo.
Total carbon determined by combustion thermal conductivity, V. E. Shaw,
analyst; carbonate carbon determined gasometrically, P. H. Briggs, analyst;
and organic carbon determined by difference. U determined by delayed neutron
analysis, H. T. Millard, C. McFee, and C. Bliss, analysts. Other minor
elements determined by six-step emission spectrography, J. C. Hamilton, and E,
Silk, analysts.

Mineralogy.--Semiquantitative estimates of dolomite, calcite, quartz, clay,
and iron oxide content made by X-ray diffraction, J. T. Nash, analyst. Clays
observed were kaolinite and sericite (IOA mica). Iron oxides observed were
hematite and goethite. Precision and accuracy about + 1 part in 10.

Normative minerals.--Normative content of dolomite, calcite, quartz, clay,

hematite, and pyrite calculated from chemical analyses using the following
rules: (1) clay--calculated from A1, Si, and K in the approximate atomic
ratio 6 Al + 6 Si + 2 K for an ideal muscovite; (2) quartz--from Si remaining
after step 1: (3) hematite or pyrite selected according to oxidation state of

+3 +2

rock, and iron calculated as either Fe™~ or Fe"“ atoms, and any excess of iron

not assignable to pyrite was assigned to dolomite; (4) dolomite calculated as
ideal composition (1 Mg+ 1 Ca + 2 C), including any Fet2
3; (5) calcite calculated from Ca and C remaining after step 4.

Petrographic classification.--Texture (pet tex) in thin section using system

remaining from step

of Folk (1962): 1, micrite (or inferred to have been initially); 2, fossili-
ferous micrite; 3, biomicrite; 4, biosparite; 5, dismicrite; 6, siltstone and
very fine sandstone; 7, chert; 8, very severly altered. Composition (pet
comp): major constituent--1, calcite; 2, dolomite; 3, clastic quartz sand or
silt; 4, chert. Allochems (pet aloch): allochemical constituents: 0, none;
1, ihtraclasts; 2, oolites; 3, fossils; 4, pellets; 5, clastic quartz sand or
silt. Neomorphism (pet Ncom) after Folk (1965): 0, none; 1, equant microspar
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grains 4 to 31 microns; 2, equant pseudospar grains greater than 31 microns;
3, veined or bladed spar, fracture controlled; 6, encrusted. Structure (pet
struc): 1, fractured or veined; 2, sheared; and 3, brecciated.

Ore zone: first digit stands for grade: 1, barren outside of ore zone;
2, barren within ore zone; 3, 0.01 to 0.05 percent U; 4, 0.06 to 0.19 percené
U; 5, 0.20 to 0.49 percent U; 6, greater than 0.50 percent U, Second digit
stands for oxidation state: 1, reduced; 2, oxidized.

Stratigraphy; 1, Manitou Dolomite; 2, Harding Quartzite; 3, Fremont
Dolomite; 4, Parting Quartzite; 5, Dyer Dolomite; 6, Leadville Dolomite; 7,
Belden Formation.

Location: Coordinates are those used by Homestake Mining Co. for drill
core samples, calculated from collar coordinates, depth in hole, and
inclination of hole; drift of hole not included. For samples outside of mine
area, estimated by extrapolating mine grid.

38



%

90°

S0°
oe*
£s°

EAN
S0°
s0°
so°
£0°

nye
90°

To°
20°

62°

antl

8g°
91°
€1
g2
29

SS°
0e°
L19°
he®
A

2¢”
2

so*
91°

02°
Le*
9¢°
otr°
02°2

£1°
90*
L0°
1ie
ho*

S0°
Lz
60°
L0°
06°S

62°

60°
90°
LA
T
Le*

% =02H

~a

%

g’
og*
og*
og*
4%

1
0o°t
g2*°
12°
01°s

o011
99°
£L°
t9°
6G6°

ge”
1s°
82°
we*
09°

Ln*®
og”
19°
ine
he

+02H

€2
10°
(3%
€L
09°1

96°
Ch i
tre®
61°
0zg*

0s°
/1
an*

cne

]

s0°

to*
IS
89"
se*
[

12°
60"
10°
S0°
a0°

90°
0L
g0°
10°
051

ne*y
gL
62*
ot*
60°

0
20°
no*
20°
s0°

£0°
1o°
[h*®
9¢*
g9°

% 02%

10°
£0°
€0*

20"
90°
20"
e0°
10°

20°
10°
20°

s0°

10°
L0
70°
60°

50°
10°
g0°
30°

no*
20°
10°
4t
L0°

10"
0
29°
20
0

0
16°
0
1n°
2n°

an*
o
Ine
g6
o

% 02eN

Ny 2
0L°62
ne*ge
0912
eeh

0202
06°62
02°92
0L L2
0N0°0%

nZgne
09 8¢
08" L2
¢n*

0n*2s

00°1¢
ontge
n2eLy
09°0¢
t9°

0Lt
21°¢4
0092
ge*ee
1€t

0L°92
09°g?
0G°0¢
Dy°2%
oy

05°61
ng*ee
09°Le
0i7°62
on°iy

0g° 12
02°¢L2
Ny*62
06711
S1°*

ha*

06%62
0L°92
0g°1¢
06°¢2

¥ 0ed

SOJeUOqURd 3| LAPRI]

cg°9t
00°61
0267
ontzl
0ete

IS
op°el
06°97
01°L1
00°g1

0L°s1
02 g1
0147
or*
Le*

09°02
08°n7T
cgtor
[UCRVA
L2*

Lt
Du*
og*gl
oL n1
62°

08° L1
0201
aRtoe
a1
wh®

s g1
GLTRT
61°971
0g°6l
0L

04°67
069°a1
0a*0e
0¢°*9
Lo*®

a1

oLegt
61°91
0%°L1
00°9¢

% NbwW

t70°
ot
f0°
91°
RO

H0°
q1*

21°
a0

he*
@0 °
no*

no-*
ve*
09"
20°
20

Q0°
80°
ol *
e
21

on*
21"
wh*
oy *
no*

9¢*°
22°
2s*
na*
on*®

ans

ag”®
°r*
e

10°
ar*
Q0
0 °
21°

% 094

g2
20°
06°
(VA S
09°1

pese
e

[UR A
052
06°¢

(IR
06
86°
08°
S6°

Qe2*
eG*° 1
(AR S
LG
[(RTAT )

0e*
91°
q0°
12°
R

12*
hée*
ire
31
01°h

66"
ngt1
or*t
19°
0g*9

09°2
[
Qne
90°
12°

81°
0e*
92°
§2°
9¢*

B

% ognaded

[P ¢
gre

099°*1
09°2
on"/

0st e
[
061
el
£6*

og*e
wL®
(VAT
ge*
¢re

co°

962
0L°E
00°1
08°L

£9°*
3 O
P XA

PR

ers

gt
062

ov°h
nee
0e"1
09°*
06

nie
ere
ne®
£n*
£6°

{7
¢0°
06*1
2"
0g°1

% g0ty

06°01
o0n°9
0521
0o°T1¢g
0e°GgL

0R*se
(s
026
0Ly
0wt

(L ¢
0g*y
0r* 01
00" L6
oh*1

06°

05* 12
a0
0s°h
09°2¢

00 LT
052
or*6
06 L2
0nhLh

0L°%1
ow*ee
na*
ue*
uneye

0ne*Le
06°¢
nnta
0n*e
[PUR S ]

nh=2
13

0019
0L L6

06°9%6
09°®
0e*L1
099
06°12

% 20%s

991=0Gh
St
Lia=bttr
15=60¢%

CG=bhl

GQe3ht
121=9nt
CqS=[0h
Ve l=int;

St

L=t
g2=5n"
10¢ =5y
g
e

1t
B9¢ =2
R21~20%
ot
(33

LLE=662
168=-662
hCL =662
F2E-062
Ing=962

nEE~062
L2g=-062
Tif=262
L2
97

4
vl
02
61
el

@|dues

39



01¢
012

02
0t

wdd Jg

onty
011
011
091
0L2
0Lt

017
00¢

wdd egq

ogl
002
011
ogt
s2

ort

0971
89 |
89
091
g2
s2
ont
ont
0art
sz

4
SS
Sg
se
Sh

097
0071
h9

ogh
09T

01¢
06¢
N8%
02t
se

se
onl
SL
062
ont

wdd )

%

82°11
0gt21
Se*1t
Po°g
S0y

858
Ltesyy
SgTo1
FAAR R
SR1T

1676
1917
L11t
Lo*
gL%11

Lo°<T
61°6
889
en*el

s0°

99° ¢
5611
0g°11
£¢°6
0

011

99°*g

YAt

69°21
0

se'sg
66°11
L6"01
12zt
SZ°h

gl
§2°11
66721
g6t
L0°

0

0L 11
96° 11
£9°11
f1°07

juquen

%

4

0
Lo*
90°
on*

91°

ns*
LA
9h*
L1°
ns*

T0°
50°
YA
12 O
4%

60°
€&
ST°
g2
91

Si*
Li*
20°
0
g2°

0
6L°
e
10°
b

Tee
61°
20°
Th*
2L
0
£0°
0
get
Lg*

42°
66°
61°
0
11°

uetuo)

82°11
tg2n
tot21
LA A
12°%1

60°6
1e~21
18°01
65° 11
6e°2r

26°6
99°11
2n°11
0z*
01°21

91°¢1l
29°%6
£L°9
tgeer
16°

13°6
20017
2a°11
£€%6
ge*r

7011
Gnts
6L°21
0L"21
trhr®

91°¢
gi°21
66°0T
292t
l6°h

gg°et
oz 11
6621
92°%
try®

62*

hL°T1T
L2t
$9°11
ne ol

% 12303)

$3310U0QUeDd 3l lADRI"

90

s0°
(VR o
€0°

20°
ho*
Qe *
S0
ere

go*
g
ne*
20°

co°

2n*
ha
eh*
o
70°

hne
Los
2n*
20"
20"

go*
£r°
20°
20°
g0°

o *
00°1
(1A ¢
e
ng*9

06°1
(A
cre
20°
en*

2o0°
a0°
90°
10°
90°

£0°
To°

-f0°

Lo
90°

so0°
S0
trn®
ho*

Lo*
20"
50°

T6°

c0°
€0°
£0°
S0
90"

20°
20
20°
10°

10°
Lo*
10°
c0°
90°

g0°
20
20°
20°

1o°

To*®
e
1o

I

20
L0*
90°
Ln°

on on
02°st
06°2th
0y 62
0gg

05°1¢
ngeen
0y L
081t
62°sh

G1°8¢
091y
02 on
on*

0etgh

0g*9h
0R°¢e
0r°¢?
0G° S
ne*

CLnS
et ln
0L T
06°¢¢
go°

no°ah
0gt1g
02wl
06 9h
£1°

ng*ee
et ey
Co*on
Qo pn
0091

01°st
i1y
nR*9b
nregl
S6°

¢
08¢y
oR*LS
[R S
N ye

% 203

%

90°
20°
10°
20°
€0

£0°
10°
Lo*®
§1°
9o

€0°
1¢”
90°
"o
§0°

10°
<0
£0°
g0°
R0°

20°
20°
20°
a1°
co°

12°
g0
90°
nye
Gr*

20°
s0°
Q0

60°

L1
61°
wi®
Lo
ng*

o
1te
S0°
£0°
90°

[sR37]

%

ro”
1o°
20"
Lo*
e

60°
10°
99°
go0°
£0°

wo*
20°
20°
¢0*
10°

20°
o °
690°
20°
0e”
c0°
20°
19°
$0°
20"

20°
t9°
a0
10°
60°

Lo°
rO*
o
2n°®

to*

10°
20°

20°
£0°

20°
20°
vo*
20°
g0

sNned

991=-0Gh
ot
L3=6b1
16=-64n
LE=6bn

S9=-nh
121=-0ht
BO=Lhty
1gi=/tt
50-9nh

Obr=9ht
He=Ghb
T0L=gtth
ht

¢t

ih
A9e=g0n
821=20%
on
6%

142
LE
9¢
3%
te

£
%
ie
0¥

3

LLE=6673
165 =667
hg¢=66¢
$2E=662
Ih§=-862

heE=062
L2¢=962
£1¢=862
L2
Q2

se
e
0e
61
A

a|dues

.

Lo



0°o0¢ 0°st 0°0S 0°02 0°¢ 0°07Y 60°601 0o1°* 08°1 6 0°2n 9391=06h
g2 L1 o°atl £°¢ R* ¢t 9L*® - 500" ot* S 1*1 st
0°0t1 0°L 0°02 0°¢ 0°1 0°G1 00°201 S00° on*y ng2 0°¢t LB=b61H
- - - - - - 0R° G2 sp0° IR S 0°01 15648
0°00¢ 0°o02 0°002 0°L 5°1 0°0¢ 0Ehe £20° ny* 01 nes §E~6nt
-- - - - - . - 06° 6N (SN N6t nl nN°69 Go=-gth
- - - - - - - 060G AN $50° So* o (IR /A 12i-2tb
-- - - - -- - 0206 GR0* Ob*L b6 n*hg Hh=Lhh
0°02 0L 0°0% 002 0°L 0°S 0w* L6 010" 69*y nge 01 1¢T=tnt
- -- -- ~- - - 00°sat . 910° NR*1 ong 0°0e2 Ge=0p
0°08 0°s1 0°0L 0°902 0°L 0°§1 06°21 Sno° 0n*1 %9 0°S On=9rYy
002 0°o0¢ 0°0L 0°0S 0°Gg1 0L 00°401 S00° WETR 00¢ n°qg g2=GtY
0°01 0°01 0°02 0°0t n*L 0°L 007601 060" 0g° L 61 0°G2 Fog=gnt
- -- - - - - 0g°¢t So00° 0g* 591 0°¢9 uh
0°9 2°h 0°0Yg g° 8 2°1 - €T h S00° 01° FA hel <h
- - -- - -- - R 600" ny* e 9°¢ h
- .- - - - - [T S00° G 67 0°S R9g=0(h
0002 0°o02 . 0°06T 0°01 0L 0°02 00°681 $20° 00°%1 aL 0°G g2i=20+
0°g1 0°g1 ‘0°0¢1 6°n 12 0°gy 912 500° ool H1 9°s ok
- - -- -~ -- - n1°t1 s00° ng* 06¢ €L 6%
0°08at 0*1t 0°069 1“2 Q- 0°GT 2n*2 S00° 01° S G 1 13
-- - - - - - 59°2 S00° ny* = 61 LS
5°G 8°¢ 012 £ e° 8¢ 61°9 oRT* 00°% . ne a*g 9§
- - - - - - 2¢°2 oyt on* 1 9 L°G ss
£°2 s°* 1°1 8° 0°¢ B h 11°g n1c* 01y S 0*61 £33
- - - - - - 66°¢ 9L0° or°g 22 el 1313
0°2¢ 0°2¢% 0° 02 [T q°n 0°91 Lne1 500" ne*1 S NIy 2%
- - - -- -- - nitt 210° ne* G 92 %3
e*9 08 0°62 e 9° S°* hO* 010° 0s* 0% g2 0¢
- - - ’ - - -— 00°eLL : 009°2 0¢°¢ ot 0°6 <
0°0S 0°st 0°0St1 0ot 0L 0*02 61°9% GQ0° ontg 8¢ 0n°s LL§=658
“- - - - - - 00*0Nns iy S00° 00" an S 0*sL 168=6462
0*0L 0°st 0°0L 0°st 0°S 0°0¢ ogtu2L2 Sno* 00*gL LT 059 he =667
- -- -- - - - 00°096°1 6%0° 00°9t 0no9‘e 0°5¢ £28 =662
.- - - - - - 00006159 oSty TV ort 0021 IHg=062
0°01 0°S 0°L 0°g1 0°1 0°S 00091’ oog* 00°%02 92 neey HEe =362
0°st [V ] 0°L 0°¢ st 0°¢ 00°005°1¢ 620 06 S 052 L2¢=-262
-~ .- .- .- - - 0091’1 - S00° 091 S n=g C18 =062
- - - - - - 1¢°h og2” 0g*2 e? 6°S L2
6%t g°2 9°g 6°1 AR 0°at 0z n1 WA 00°41 2? 0°G1 92
-- - - - .- - S0t c90° 0e° 22 6t G2
29 2°s 0°02 §°¢ e° LS 26°¢ s10° ne* 29 02 w2
0°L% 0°07% 0°022 9°¢ w° 0°% 2L" SoQ° 01°¢ S 1°2 02
-- - - - -- - e §00° 0L* 5 Qs 61
0°ogt 0°21 o°ont Y a° o*ht 98°1 S00° or°t S 6°1 g1
wdd(sydaz wdd(s)A wdd(s)yJg wdd(s) L wdd(s)n) wdd((s)yyvn wdd n wdd by wdd 0y wdd uy wdd qd o|duwes

$93RUOQJIRD B | LADEH"Y

by



PypriteNM

.29
.19
.20
.23
.12

1.80
1.50
4,00
<38
1.70
1.20
.80
.SO
.09
1.40

Normative Minerals

Leaaville carbonates

Mineraloay

Hema NM

N4

Clay

QuartzhNM

CalcitiM

NM

volonm

X
=

QuartzXk Clay

CalcitXR

Dolom Xr

4

16.0
12.0
98.0

10,0

84,0
76.0
88,0

79.0

2.0
2.0
10.0

7.0
90
.o

19.0
2,0

6.0
17.0
66.0
24.0

0

88,0
83.0
87.0
74.0
63,0
91.0
81.0

11

[

1.0

3.0

6.0
7.0
7.0
2.0
4.0
9.0

sample
18
19
20
24
25

(=2 -3 OO OO C (=] (=]
S ON O S D et P e O OO CO COOOO0 O conNI O OO L O
L N ” o & L2 .
® N 0 SRV -t
-4
O oM O o WO T U - [V} €O N O [ e}
MO OO (== - ~NM MO M) et 0] DN DO - DOODOOoW
. ° s & » » & *® 3 & B LIS ] . LI ] L )
~ x -~ M
I
(=3 oo (=] < oD DO
* L 4 . L] s o »
Lo no X € Mo
— N
SN Lo Y o > SO SO < (=) DO DO O0 D
L I L] . o D . ” & L . L ] * » ¢ @ LI L]
W o Ny o (o) ™~ - O M = < S N WM
o I Ll - i o o N - ~M MY v o -
< [~ (=] < oo c O
. LI . . . . L s & @
0 Mmoo ™M ™M I - 0N
N - v o> o
c2ococo c T oo o oo =] cc < coCc oo
* & o @ *¢ & 2 ¢ LI . LN . > 5 » »
NN~ [o a4 N e BEo e ™~ O = Mo ~ U =~ 0 T T
IO 0 Mo C o~ T W ~ < wn o L O~
=] oo [y
.
(= -0 NOC NO
. a8 ¢ & 0 L] . L] LI
< T~ n oM
-
> < [ a =) <
. LI -
o
-
> =] Do > DD > < >
. ’ L. ] e+ » . .
L > on ~ {0 ™~ o
-4
Mo~ T ) T e - & -
- YN TANMWNS nN o [ o =
Mo R ER N - Mmooy T
L ) L A | ' 1 L L ]
0 DO X TorCoCoC n: 0 MmN o
O~ [oaNo e e A e 8 [ e IR ] T U O~ O [o W e i (LA TS gEES I g
NN N A NN AN halbaN T Al MO NN MmT T TS T T T

L2

GUg=65
447-131
447=498
a4g=-121
qU3=65
449=-33
QJUGg=Si
G4Q=-87
45
4S9~166



Lno02 008’¢1 91h’01 9 (43 T 4 ¢ 2 1 991=06Hh
002’st 008’ on2iot Q 21 b3 Z 0 <4 1 St
n20402 8L6'%1 1804071 9 2¢ 1 0 0 4 I LB=6ntr
600702 8L67¢1 h1G/01 9 22 - - - - - 15~-64t
100‘02 L6751 0¢S5’01 9 22 1 0 S 13 Q9 cE=-641
g£g0402 gL64¢1 #1501 9 22 - - - - - G9-8nt
2L0702 8L64S1 ninot 9 12 - - - al - 12T1~8491
00102 000t 1 Loen?01 9 22 I 1 0 4 1 96=Lhh
hev‘oe 000‘t1 cLriog 9 22 - - - - - Tel=Lay
280402 698¢1 cen’01 9 2% : - - - - - §3=0nk
BLo‘02 6984¢1 90501 9 22 1 < 0 2 1 On=a4%
080702 048181 h2s ‘o1 9 2% - - - - - gl=5nh
Sg6'61 02s“11 cge’0l 9 1% I 1 S 2 1 InE=-¢hte
00g“91t 008791 006701 9 21 ! < 0 " L trh
0oLl 000461 066401 9 21 1 0 4] Z ¢ et
008791 0097 02141 ¢ 9 21 0 4 0 2 1 184
050702 002’m1 G65 101 9 |82 - 0 S 4 1 RO =Q0h
066761 058¢1 L 821407 9 [s - - - - - a21=2¢h
000143 00991 . 0¢T1} 9 21 b3 4 0 4 T ot
002491 009741 - ! 00801 9 21 3 Q S ) 8 6%
002791 0091 09407 9 21 0 Z 3 1 13 37
00091 000Gt o8R0y 9 21 0 1 13 i 3 Lg
060402 026401 SLL01 9 21 T 4 0 2 1 Qg
0g0402 PR 09.‘¢CY 9 21 1 13 0 t7 L %3
06R61 029'nt N9L’01 9 21 1 3 0 kg L tre
ont‘oe 0SL 'Y s2L01 9 21 0 2 0 4 I 131
05911 02121 0914071 9 21 0 1 b 1 e 43
of1L1 029711 QL6116 9 21 0 l 0 2 1 1¢
0¢9.L1 056421 SLTY01 9 ¢t € ¢ 0 l 1 (43
028451 09¢ ‘21 0694071 9 Zh - - - - - <
0¢6‘61 021/n1 91201 9 12 0 1 1 2 I LLE=662
046461 021’11 2ne‘ot 9 15 - - - - - 19¢=6¢42
056461 02t 1 65201 9 16 - - - - - hef =662
086761 021461 0L2’01 9 1% < [UNEN 0 4 1 €2E =662
0L6761 0607h1 2ne’ol 9 19 < Z 0 e 1 Ihs =962
0l6461 06041 062701 9 15 - - - - - hee =962
0L6°61 060‘47% LS201 9 19 1 2 0 2 1 L2¢=962
0L6'61 060n1 102401 9 h 1 é 0 2 1 £18=-062
0L0402 09611 08L°01 9 21 I d 0 l ! L2
0no0“02 ono’st 0084071 9 2t 42 ¢ 0 4 L 9
0n0“02 060‘St 009407 9 21 I 12 0 tr L T4
050402 ont‘Gy 02801 9 21 1 ) 4 0 2 1 ne
oLl 05897¢1 02501 9 A 0 Z 0 2 T (14
006°L1 osn’‘el 0ne0t 9 21 0 ¢ 0 2 1 61
02091 0In‘st 09¢“0¢1 9 21 0 T 1 4 1 A
34 3ise3 314 yjuop 34 AdL] 6t3eudg auoyz adp onJd 38319y woan 3lay oo |yiay dwoy a4 X31 3194 a|dues

uotljedljtissen otydeubouyay

S330U0QJED F||LAPRIT

L3



wdd Jg

80°

20°
S0°
so*

2 2041

wdd eg

62°
90°
vee
L3
2n*

20°
10°
€1
09°¢
Tt

Lre
06°
10°
st
60°

% =0D2H

one

01t
091
one
061
0g1

wdd {9

0g*
06°L
be*

£6°
08°1
ge”
9n°
8¢ *

% +N2H

hg*ol
86 0t
L0°¢
2h°it
£2°6

06°11
022t
LA IR
12"

ggtet

69°01
912
ne 2l
2%°11
00°et

% 3ugJe]

0s*
02t
1i°
ee”
61°

% 02

%

L 15°01
28° 9N 11
on* Lhte
0 21t

62" 25°6
9L® 99°21
92° ancet
2s° 90°1T
82° bh*
an* 6L°21
64° CASS S
e 05°2
10° 6§92t
02°* 2g°21
02* pe-zt

% uetyon % 1ei101)

vo* 0e*n2

10° 6Lt92

ere 0n*21

nos on°L2

gn* ne*g2

0 09°0¢

Lne 00°0¢

10° 05°0¢

90" N6 1

ot 0L°0%

1o0°® 0s°s2

ho* 0G6°9

0 on*e6l

0 0622

0 0882

neen % De)

PANULIUOD=uSDIBUOGAIRD D [ LARES

or*91
ng*L1
on*te

0191
on*hil

00°91
06° LT
n&a el
19°

n2<e6t

op®Lt
0L°%

9902
0g*et
08°8Q7T

% Nbw

2L°
22"
12°
[e*
60"

Le
£0°
£0*
10°
99

g0°

b
Dm.
95°
91°
ne*

91°
21°
21°
he*
ng*

21°
94 °
tin®
Hna°
96°

% 094

Q90°
20°
ho*
€0°
S0°

20°
20°
£0°
S0°*
20°

vo*
Lo°*
20°
£0°
20°

069
09°
0911
w2*Irn
05°¢%

06°¢h
01 hny
0ng°Le

(TR
1%
G9*
g
on*1

qe°
¢£a*
ttr*
06°9¢%

"y °

0T°t
L9°
ne*
0s*
A/

% §0294

% 0Ud

06*2
g2°
ohh
¢6°
vt

£G*
(VR Sl
£9°
0g°TY
£s°

021
0s8°9
he®
021
h6*

% T02ty

s0°

90°
£0°
vo*

10°

oL*21
0g°*st
05°%9
06

o6l

09tk
06°5
nN9°gt
nNg*LY
vo*e

06°¢1
05°39
o1t
068
0L°9

20ts

20e=519
L62=519
192=-tw19
GgZ=-n19
512=r1c

502=019
9¢=219
091-219
q1=219
3971~=005

Vb=hGh
5¢g=26h
G9Z=26h
bh?=26h
LhZ2=15b

aldues

q0¢=G109
l62=5109
79d~t10
C27-n19
512=K19

502-0719
25=-219
091=23%9
S1=219
#91~90%

Ub=kGh
5¢5=24b
592~2Gh
bh2=2Gh
Lh2=15h

afdues

Ll



[V 0 0°9 0°e 0°h 0°1e s°* 0*2 0 0°e g0g=51¢

29° 0 s 0°01 0°S 0*¢e 0 02 0°1 n°L L62=519

¢£9°* 0 0°2ct n*93% 0°at o nt 0 0ot [ 14 n*e f92=-r19

£9°" 0 0°g 0L 0°¢ 0°99 0 (A 0 9L §e2~-w1ia

0g*e 0 0°6 0°21 0°h 0*2L S* 0w 0 0°*9 612=-015

8¢ * 0 0°1 0°¢ 0%6 0°9Q 0 0°1 02 0* 7L 602=-H19

0 £ 02 Ntk 01t 0°s8 0 01 g 06 9E=-219

0 QL 0°1 0°2t1 0°61 0°L9 0°1 nee 0°¢ 0t 09Y1=-219

0 00°1¢ 0*ns 0°0¢ S°* 0°*s 0°1 0°g 0 0 ) Gi=-219

0 69° 01 01 0L 0% 06 0 s Ch 0°01 291=-306

0 gL 0°¢ N0t 02 n°se 0 0*s ] 0°L Nb6=t15n

00°t 0 0°91 0°6S s* 0°n2 0°2 0°s 0 0°¢ 6§ =28V

0 2h* 0°1 q* 0°g N*96 0°2 Ch 4] 0°01 §92-24h

0 18° 0°g 0°9 0°y 0°L¢@ 0 0°2 0 : 0°e 6h7=-2St

0 06° 02 0t 0 n 0°68 q* 0°¢ 0 0°L Lh2=15h

WN@3tJdAy WN Bway WN A® LD WNzZiveng WN3Ito1e) WN wotoq X Aeld yxzideny ¥xitoae) ¥X wo|0g d|dwes
SleJdauly IALICWION AbO |RUDULY

0°02 0°S1 0°0071 0°02 00t 0°G61 00°0%% ont* on*9 022 0°0§ 20%=G19

- - - - - - 00°00¢“1 000°1 " 012 09 n*91 162-G19

~ - - - - -— 00521 020° og*® S 0°S £92=k19

(A 0°L 0°S1 0°¢ 0*¢ 0°L 00°GRL S00° 0662 99 0°21 Gee-t1e

0°02 0°0¢% 0°0L 0°Gt 0L 007 00°h46 oTt* ngts 9% 0°2h sld=w10

- == - - - - 00°Get G0o0°* np*e S 0°s 502=-n19

- - - - - - - - - .- CN.-ﬂm N?Oo mol Oﬁ Otn. OMINmD

- - - - - - - c%.DN MOCo Dmo m Com OCHINﬂC

“- - - - - - 00°1he S00° 00°hy ohs n*0t1 Gl=219

- -- - - - e (- 4 . 01z* 09°71 082 001 B91~906

~- ~- - - - - 06°LE £60° 00" Y 2 0°91 o=tk

- - - - - - po*n? 006°2 00y 2t n°g bEE=2Gh

0°0t 0L 0°L 0°¢ 0°< 0°¢ 00°¢1! 096° 09°g 2t 0°9a1 592=24t

- - - - - - 02°95 09¢G° 6L G 0°¢S 6h2=2Gh

- - - - —-—- - 05°9¢ 0lo* 00°71 obk 0°s Lh2=15h

wdd(s)d?7 wdd (s)A wudd(s)dg wdd(s)inN wdd(s)n) wadd(s)us wdd n wdd 6y wdd o wdd uz wdd Q4 9| dues

P3NULIUOD=wSDIRPUOQIED B [LADEDT] :



h6861
689161
616761
L6861
68361

£/R‘H1T
£9L161
englel
8GL°61
118761

065761
0617’61
0SL61
052761
052461

14 ise3

09911
099171
09911
09911
09911

09911
oLg’21
0L8421
08921
orzg“2y

Lee2t
05911
08911
08911
onL*1l

34 yadon

G92°01
712401
ors‘or
195401
2Lgo01

6L5401
286101
LEvi01
68501
28501

G96/01
6101
192401
£82401
£2¢01

34 A2{3

R eIV - Ve B o N o} RaiNe I o RV o JiN |

0 0 OO0

B6ilaiedlsg

1€
1h
133
I
1914

1¢
22
1<
(43
2z

22
1€
1%
1€
22

auoyz aug

PINULIUOdawSIlEUOQULED

-
- -

IN438I04

woeeN 3194

0

-

SO W

us0|(yviay

NN S

dwo?

yotiedijtsse() otydeadoulay

At tAapea

184

-

s
1
1
1

xa| 334

BUE-G19
L&2=G19
£9¢=nlc
G2e=-t19
£E12«h10

bo2=-nio
9¢=-219
09i=210
$1=-219
R91=908

0e=1SY
688 =256
§9d=26Gh
652=25Gh
Lne=-16h

o |Jdues

L6

-



tee
st
so*
g1

£0°
90°
60°
so*
80°

69°
69°
no*
a0°
LA O

ne*
g£0°
80°
60°
So°

Lo*®
Sk
Lo*
sg”
62°

£0°
S0°
a20°
80°
se*

22°
ne*
Lo*
vo*

o.

Tie
£0*
1o*
80°
L1*

% 20t1

0 S

or*
st°
b1*

st
90*
1e*
op*
61°

92°

a2t

£g”
e
st°*
na*
6%°

% =~02H

06°2

se*

g%
Ls*
59°
g
sLe

ag*
05°2
L L2°
sne
2s*°

e

94
L2*
8L
06°
0S°

00°1
LA
LS°
08°1
09°1

e
0s8*
1€°
oLt
92°

09°1
09°1
00°1
ge*
ne*
L8*
96°
Let
99°
02°1¢

% +02H

92°*

Se°

62°
on°¢g
11°
ge*
he*
09°
g1
hs*
£s°*
g2

se*
09°1
S0°
0g°Y
0s°1

1z2°
b1°
(3
95 *
0r°1

G6°
A ¢
°
22"
q1*

13
G0°
ho*
12°
aLe

% 02%

ho*
ao°
10°
g€0°

10°
L0*

ge*

2o
12°
no*
4
g£0°

Ho*
Lo*®
10°
0
10°

10°
g0°
0
£n°*
s0°

20°
g0°
10°
2n*
S0°

90°

0t
0

¢0*
9

s0°
sn*
Lo*
U
ho*°

% N2enN

S°1h

§*n2

2°/L2
L Ard

S%62
9°1g
0°9¢
LA

2ot

S*th

$33eU0QJEDd UL |ag

1e°
09°91
0L*91
88"

0011y
00°L1
0r°e
0L"h
0y°2

¢G*
or*1
0831
[
oh*

g9°

00°¢
oh el
06°2
0" L

og*y
on*1
sg*

0r1* 4L
U

o9t
ot el
69°

0psnl
06°6

01°071
ni*ar
00° L1
90°91
UArhe

9L
Sb*
99°
3
(/R

% NS

9¢*
2s”
02"
t*

02*
ve*
2tre
AN

VA4

e
ve*
oL
80°
91°

80°
“02° 1
21°
an*
91°

21°
4

ee*
80

ok
9¢*
no*
80°
a0

no*
AN
no*
a2¢*
21°

21°
91°
91°
02°
0oLt

X 034

03¢

9G6°
0r1°¢
b6s "

01°1
06°

oLl
0G*2
66°1

£L°

01°2
06°1
09°1
0s°1

02*2
06°2
0Ly
00°¢
Lo*

9% °
6n°
S0°
q¢*
neLe

% g02e4

06°h
96°1
e

on*g

£€9°
£8°
08T
0¢° 1
09°1

cy*
09711
ge”
011
06°1

06°1

0Lt
02°1

0g*1
0L°S
01°1
0€°9
01°s

v8*
£9°
LN
00°e
09°¢

AR
0g*
0S8°1
£6°
£e°

08°1
£e”

20°1
08°¢

% 02ty

26 1¢2-919
2971 0L2+519
6°g 192=G19
<8 t18=h19
1°9 9gl=b10Q
1°9 651 ~F109
¢°sS1 B21=219
S*01 811=-219
0°g 19=-019
S*91 622=019
9°8S 822=-019
[ A 1gl=-0109
g2z 251=01e
0°*9¢ 902~60S
L0 002=608
] 961=106%
s*21 Lb=CSt
6°21 hb=%Gt
9°n Cl11=56H
0°9L 102=6tt
S*1g SI2=hhtn
heLl b=t
e*ng LG=1tt
L°62 ce=-1t:p
2°n 0g2=-10t
21 622~14t
2°26 g =1nt
0°¢e 612=11t
L 6% 6502=141
g°6¢ 02=Tuh
9°Qe 6L1=1t8
0°g 60T=1tt
Ll hll=00h
6°2 6@
9* /L1 g2
06 [ X4
6°2 ce
6°S te
9°¢1 69=102
2048 8 {dues

47



029
DRSS
SS

0SS

0L

021
0ok
012
[ $1

o1¢
0S¢

02
092

A4

06¢

S2¢
0ge
00S
08¢
09¢

wdd J4g

021
00¢
09

0tt
091

06
oL
o1t
091
0L

09¢%
ont
oo1’2
L6
091

9L

021
082
091
ort

oee
0st
0Lt
9L

09t

oLt
08

08t
091
081

wdd eg

02t

wdd (]

s9*e
1£°01
6S°11
£1%6

£L°T11
9L°1Y
0L*6

G601
98°01

16°6
aL°1
a2l
L6°9
20°L

99°9
20°11
£T°11
89°6
2511

1¢°2
0G*h
806
Leth
vl

Shett
g6°11
an*

ge "6
16°9

1%L
ho“L
90°11
sglt
69°11

2€°6
sLto0t
gh* 11l
60°11
12°6

% 3jugue)n

02°h
90°
29°
1t

20°
0L*
er°

90*

20°
92°*
S0°
hS*
69°

£€1°
0
10°
4
6¢*

in*
og*
20"
g£L*
se*

Sh*
60*
en*
1€°
62°

90°
22°
10°
ge*
AN

Ly*
02*
Ly®
Ie*
1¢*

% uebuo)

se*21
LE 0T
12°21
7201

SL°11
921
88°6

S6°01
26°071

g6°6
no°2e
or=21
15°6
iL°4

6L°9
2011
LA 8
0Lk
T6°11

aLe
og*n
11°6
00°S
B9 L

06°11
L0°21
A1Re
696
09°9

L !
98° L
o1t
g9 11
1e° 11

086

S6°01.
S9°11
g9 11
21°01

%X te301)

00°¢

80°
01°¢

01°
21
£0°

90°

L0°
02°1
90°
£0°
e2°

vo°
s1°
90°
20°
02*

£0°
12°
Ho°
oL
20°

91*
so*
€0
£0°
90°

re*

o
LAV

%28

53 }3EU0JRD UDD | ay

L0°
ho*
£0°
or*

$0°
g£0°
20°
no*
g0°

2o0°
12°
10°
20°
20°

20°
20°
g0
$0°
20

20°
60°
no*
£0°
90°*

$0°.

10°
10°
20°
90°

go0°
90°
20°
20°
10°

Lo*
g0
a0
ge°
£0°

S°1¢
1°6%
he2n
€5

2Tey
1°2n

Y]
e ® 3
>0
M N M

(3]

.
TN WO W
N oM T

" s s e
—~“N> T

MmNy

I ONDO~ M N TN
.

B

80°

61°
ro*
21
01°
10°

S0°
80°
20°
LAY
-

LA
£o*
91
£0°
S0°

21°
g1°
20*
er°
so°

ST
21°
[V 0
to°
o

o
Lo*
ap*
L0°
pye

% OuR

20°
£0°
99°
0

20°
o1
10°
£€0°
70"

€0°
10°
€0°
to*
20*

So°*
60°
£y
1%
9n*

20°
20°
90°
to°
ov*

ar°
60°
21°
20°
10°

ne*
St1°
0r*
or°
0e*

% S02d

1€2-919
0L2=-519
192-516

hR=b19

991=119
65T=119
g21-219
glI-210
15~019
~
622-019

822=-019

gl=019
261~-019
902=695

002-605
961=105
L6=CSh
hH=eSh
FI1=¢Sth

102~-6nY
Sie=thh
he=29b
LS=TuY
CE=T49¥

0g2Z-Thh
622=14t
§22=1Inth
612=15h
602=1nt

ro2=Tah
6LT=T8tr
501=1yt
PLI=00N

62

87
€2
22
12
69=102

2 |dues



0s

02

0s
02

05

-

St

0L

02

0%

oL

(133

061

St

0§

wdd($)d7

0°st
0°0ft
0°St1

0°91
S*e

0°st

wdd(s)A

0S

005

0¢

00S
001
00s

002

13

0s1
002
0L
0S

00§

002

0g

0L

002

00¢

oge

0021

00¢

udd(s)ydg

P o~
™M

-

0l

0%

0e

ne

-

62

-

11

4

-

3

wdd(s) LN

S°1
0°¢
0L

0°S1

Q.

Sl

wdd(synjy

0°02

0°0%

0°61
0°01

0°sT

0°02

9°12

S°L

0°09

wdd(s)Jd)

sajeUOgJed

0n°0h
00°9071
oh°ag
8L%6

02°62
00°¢¢
02766
00121
00°1t1

0o°gne
00°56¢
00°¢01
02°ss
on*61

on°s9
Or°he
90°61
ne*ss
00°0611

00911
00°1h1
0R°8¢
00°L01
08°9¢

00°9%2
02°19
09°29
02°06S
06°¢s

05°92
08¢
0/°S¢
00°65L
9s8°1

00°¢
eotg
01°n
gnty
0g°61

wdd n

uap | ag

o9r1°
060°
S00°
onz*

note
S00°
6%0°
S00°
S00°

500°
680°
SLO*
So00°
So00°

so00°
S00°
G00°
090"
S00°

|10°
S00°
S90°
G00°
050°

010°
850°
etre
o10°
spo0*

S10°
So0°
ozt
096°
So0°

G00°
S00°
S00°
0l0°
s00°

wdd by

01°g
cr°y
og°t
00°2t

0g*
09" 1
0g*1
09°1
0g*°

og*®
0f°2
0y
o0ts
0L

0g*
0g*
R
09°1
00171

0s°1
on°1
S0°
0L°¢
ng*

on°g
or*
09°
on®
on*

00°1
0ng9*
eg*
0061
01°*

0
(R
ny*
0e*
06*

wdd oy

01t

0t1g
021

Le
8y
26

0TL
0S8
000”1
019
th

ont

0°n1
0°s

0°2t
0°02

0°s
o°er
oLt
0°h1
0°S
0°0t
0°S
0002
622
0°01
0°07

0°01

1¢2-919
0L2=S19
192-919

R=t39

931=h79
6G1-n19
gel1-219
BI1=219

15=-019

62¢=-010
82e~019
141=019
261=019
902=-605

002=60¢
961=105
Lb=¥5h
f16=¢SY
E11~-¢5Y

T102=60t
GI2=hbitr
g=2hty
LS=1hh
¢s=1nt

0¢2=1Ind
622=~1at
§22=1ht
612=1Int
602=1nYy

o=t
S5LT=1ht
60T=14h
hL1=00tk

62

aldurs

k9



0s°*

05t
on*l

oMo oo cooo0ooT

OO 0O

og*

WN23ILJAd

08"t

92*
0
99°
jer

~9

a2z°
0

it

01°2
0

06°
0

02*¢
0

0

0
on°1
or*1
00°1
00°71

0S°1
og°1
06°2
0
otr*

9s*
6¢*
st®
se*
0

WN Sway

1§ <
¥ 1t
Zl 9
e 7
1 9
Z 174
L 11
s L
4 S
2 et
1¢ wh
1 4
3 81
S 0%
S S¢
1 9
14 6
3 1A
4 3
12 2L
1 eh
4 vl
01 i
21 02
2 9
1 S
1 16
74 L1
6 1€
6 L2
01 0z
< S
2 S
1 r4
t ¢t
1 L
¢ 4
b tr
6 8

WN Ae}] WNZ3idENnD

S|eJautlw AAL3eWION

0°%4 9
0°¢ 1g
0°2 68
0°¢lL i
0°¢g he
0°11 €8
0°gt it
0°ae 1S
0*LL 21
0°2e <
0°e <1
0°6 ee
0°S¢L €
0°29 2
0°LS 3
0°eL 61
0°¢e S9
0%0L S1
0°8s g¢
S* ne
0°2¢ 11
0°8L 2
0*2 e
0L 65
S 26
0°5 L8
0°2 b
0t e
0% L 2S
0°6 €9
0°9 29
0°9 %8
0°¢ 98
0°56 4
0°8L b
0706 2
0°y6 3
0°69 7
0°4%9 91
WN3tote) WN wolog

sajeuoqeed uao|ag

nmoooco
.

COOoCOoo
.
o

(=X =R = =)
e . .
- o

OO0 O
e
— e

nooococ

.

coowno

SO0 o0

MX Ael)

LR W iNe ]
i3

.

.

NN -y N T M
(==~

L
O IFMmmMman

.

.
-5

naIT N NI ~ng
SCODOO DO D OO
. . .
n €O 0

DO

NI ITII
*
N al

T FONN
-t
oD No D00
» . .
-t -t

TN NI
DO OoNC

. .
@« O~ R e

[aVIAVR L eV g}
OO OO
. .

0

yxzidenn ¥xatoien

ABbojedauty

¥x woyoq

1¢2=-919
0l2=G1¢0
192=-51¢9

f1R=010G

981=n1%
5G7=-119
RZI=219
R11-219

15-010

622-019
ge2e=-019
Igl=010
251=019
502=605

002=605
96T1~1065
L6-85h
fb=-5Sh
IR RIS/

102=60n
G12=hnt
r8=2hh
LS~Tnt
2e=1ht

0g2=Inn
622=1nt
§22=Tty
512=Tht
502~T0h

102=1ht
6L1=Tht
60T=Thy
hil=00b

62

g2
€2
ez
| 44

69=102"

@|dwes

50



118461
SLe‘6T
0Lg’6t
LelL‘61

L98’61
8’6l
22951
91’61
SiL'61

n9R ‘61
792461
0rg’61
92461
220402

120702
966453
018761
019761
01361

eLeo2
858761
£66761
000’02
066761

0014902
do0102
00102
ootr‘oe
06002

06002
010’02
0go0’02
096’61
08761

01961
065761
ons 61
oni‘at
051702

34 I¥se3l

099711
099411
099’11
099’11

099’11
0991y
oLe’2t
018421
08921

089’21
08921
089’21
08921
ozt’1t

02111
0IR’st
208’21
20821
2oa‘21

9L6'¢1
f0gs‘tt
£1811
080741
080‘h1

080‘H1
0680‘H 1T
080°’n71
080yt
080‘HT

680’11
0801
080‘h 1
069‘¢?
02r‘11

09021
ooh‘hY
0997¢1
019¢Y
002Gt

13 yadon

21¢01
86201
90%/01
0Ln?01

965701
91401
29n*01
0Ln‘ol
85501

hon4ot
GOn“01
Srhi0l
001
n124071

6l2701
£sg‘071
205401
S0S01
e ‘01

8LE/01
Li1g’01
225701
955401
L8601

HETRNIN
S6g‘01
00h‘0%
hon‘0y
2in’ot

gIn‘0t
q¢wi01
het ‘01
tLg’01
01s’0%

S298701
SLL’0t
ons ol
08h ‘01
entLiny

33 A913

e T T N o e o A o

N~~~

B8Liedag

22
a2
22
194
21

21
el
21
21
154

3uo7 adp

--

oMM M

oo~

MOy g e
]

MM

] v v M

oNU36134 woay

s3jeuoqJded uap|ag

194

NS O w1 ey
i

i on

Yoo |y3dg

[aVS
i

- NN NN NN NN (A RV |
]

1 \J et ot e

dwosy 134

uotlestjisse) dlydedboulay

MY vt et O e

3 M e

X3] 124

1¢2~9(¢
0L2=519
192~519

k@=nl9

9gt=r19
6GI=n1Q
521=219
211=-219

16-019

622-019
822=019
191-019
261019
502-606

002=606
26T~105
Lo=TS%th
o=LGh
CIE=250

ToZg=6ny
S12=hut
tE=2ht
LG=Tuh
2¢=Inh

0g2=14h
622~Tih
¢2i=1nt
612=Tnt
602=1tY

po2=1nt
6Li=Tnt
60T=1ht
BL1I=00h

62

e
ve
22
12
69-102

a|dwes

51



