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THE MINERALIZING FLUIDS RESPONSIBLE FOR SKARN AND ORE
FORMATION AT THE CONTINENTAL MINE, FIERRO, NEW MEXICO
IN LIGHT OF REE ANALYSES AND FLUID INCLUSION STUDIES
Beth S. Abramson
Abstract

The Continental mine 1is a Fe~Cu—(Zn) skarn deposit
located on the northern margin of the Hanover-Fierro stock.
Mineralization occurs in a thermally =zoned, contact meta-
somatic skarn and hornfels zone that surrounds the intru-
sive. Garnet skarn and garnet-clinopyroxene skarn replaced
limestone. Hornfels comprised of c¢linopyroxene, biotite,
feldspar and quartz replaced shales. Shaly limestones are
replaced by diopside, quartz, feldspar, epidote, and lesser
amounts of garnet. Dolomite is replaced by magnesiaa skarn
comprised of forsterite, serpentine, magnetite and lesser
amounts of phlogopite and tremolite.

Ore mineralization followed skarn formation and
includes deposition of magnetite followed by deposition of
pyrite, chalcopYrite and lesser amounts of sphalerite,
bornite, chalcocite and pyrrhotite. Magnetite 1in 1large
amounts is restricted to forsterite-serpentine skarn and
garnet skarn. In garnet skarn, magnetite veined and
replaced-garnet and filled open spaces. Sulfides replaced
and cemented Dbrecciated garnet, replaced magnetfte, and
filled open spaces.

Fluid inclusion studies on garnet indicate skarn
formation mostly in the range of 245°C to 345°C but extends

from 215°C to 435°C by fluids with 4.5 to 19.0 eq. wt.S%

NaCl. A magmatic origin with dilution from metoric and/or



connate waters is suggested for these fluids.

Quartz veins associated- with ore mineralization
indicate deposition in the range of 200°C to »>600°C by low
to high salinity fluids ranging from 2.0 to 47.0 eq.‘ wt.3
NaCl. The presence of both liquid-rich and vapor-rich fluid
inclusions in these veins suggests that the fluids were
boiling. CO2~rich fluid inclusions occurred in the
quartz-bearing veins but were not present in earlier garnet.
A magmatic origin is postulated for the quartz-bearing veins
with possible late contributions from a meteoric and/or
connate source. Pressures during mineralization were on the
order of 315 to 325 bars.

Fluid inclusions in garnet and from later quartz-
bearing veins are filled with fluids that differ in
composition, temperature and salinity. This suggests dif-
ferent fluids were responsible for earlier skarn formation
and later ore mineralization.

Limestones, shaly limestones and quartzites showed
increases in absolute REE concentrations with an enrichment
in the 1REE from the least altered to the most altered
(metasomatized) samples. Dolomites and shales showed ﬁo or
only a very small change 1in absolute REE cohcentrations and
fractionation from the least altered to the most altered
samples and indicate that metasomatism and recrystallization
has not greatly affected the REE concentrations of these
sediments. Garnet that replaced limestone show 1REE (light

REE) enrichment, hREE (heavy REE) depletion, and positive Eu



anomolies. The garnet ﬁave REE fractionation patterns
similar to the limestone they replaced but show increases in
absolute concentrations of the REE.

The metascmatized, and to a lesser extent, the recrys-
tallized limestones, shaly limestones, and quartzites show
increases in absolute REE concentrations with 1REE enrich-
ment. This requires an available source for the REE. This
source was probably not the carbonate rocks since they have
relatively low REE concentrations. The shales haVé high
enough REE concentrations but metasomatism did not cause
significant changes in the REE concentrations of the shales,
suggesting they did_not donate or accept REE. The most
likely source of the REE is the Hanover-Fierro intrusive.
However, the REE concentrations and fractionation of the
altered and recrystallized sediments probably also reflects
a) the original composition of the sedimentary rock, and, Db)
the mineral assemblages that replaced sediments and their
partion coefficients for REE, and c) remobilization of the
REE in the presence of'CO2 or by introduction of other later

fluids.



INTRODUCTION

The Continental mine is a Fe-Cu-(Zn) skarn deposit
located in the Central mining district, ~in Grant County,
southwest New Mexico. The mine 1is 1océtea northeast of
Silver City and one mile north of the town of Fierro (Fig.
1). The deposit occurs at the northern margin of the
Hanover-Fierro intrusive stock 1in the skarn that has‘
replaced Paleozoic and Mesoczoic carbonate sediments.

Purpose Of Investigation

Most skarn deposits are usually structurally associated
with and considered to be genetically related to . an
intrusion suggesting a magmatic origin for these deposits.
However, the effects of other sources such as meteoric and/
or connate fluids may be important during skarn formation
and are not wusually considered. It is suggested that the
REE because of their coherent and somewhat predictable
behavior can serve as tracers of the mineralizing fluids
responsible for skarn formétion at the Continental mine.

The object of this study is to determine the source of
the fluids that were responsible for the formation of the
skarn and ore mineralization at the Continental mine in
light of REE analyses and fluid 1inclusion studies. This
study is designed to answer the following questions:

1. Can the REE be used as geochemical tracers?

2. What are the source(s) of. the mineralizing fluids

responsible for skarn mineralization at the
Continental mine? Can any changes in REﬁ be attri-

buted to a magmatic and/or meteoric source?
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3. Are the REE in sediments altered during recry-
stallization, during skarn and hornfels formation or
during ore mineralization?

4. What was the temperature, pressure, and composition
(salinity) of the mineralizing fluids?

This study also includes an investigation of mineral-

ogical changes, petrological relationships, and paragenesis

related to the formation of the Continental skarn deposit.
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Previous Work
Geology

An excellent summary of previous work can be found in
Jones and others (1967) which includes most of the
information contained in the earlier papers. The ore
deposits in the Central Mining District are best summarized
in Hernon and Jones (1968).

There are few studies on the Continental mine.
Tonnage, general geology, and production at the Hanbver mine
located in the hanging wall of the Barringer fault soutﬁeast
of tﬁe present day Continental No. 4 shaft is described by
Lindgren, (1910) and Spencer and Paige, (1935). Kelley,
(1949) described the occurrence of the magnetite ores
associated with the Hanover-Fierro intrusive. The meta-
somatic ore deposits surrounding the Hanover-Fierro stock
were described by Landon, (1929). Schmitt, (1933b, 1939a,
and 1949) described the occurrence of zinc-iron minerali-
zation at the Pewabic mine located at the southern margin of
the Hanover-Fierro stock.

The structure in the Hanover-Santa Rita area was
studied by Aldrich (1972). Skarn assemblages were mapped,
described, and mineral =zonation was determined at the
Continental mine as a M.S. thesis (Forrester, 1972).
Yousefpour (1977) described skarn assemblages and mineral
zonation surrounding the Hanover—fierro intrusion.
Yousefpour (1979) described the igneous rocks and ore
mineralization at the Continental mine as a PhD thesis.

Forrester (1972) and Yousefpour (1977, 1979) concluded that
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skarn formation was genetically related to the Hanover
Fierro intrusion.
REE

REE studies related to ore deposits are limited. Beus
(1958), Kosterin (1959), Bandurkin (1961), Mineyev (1963)
and Choppin and others (1963) determined that REE are
transported as F, C03, and S04 complexes in hydrothermal
solutions. Graf (1972) used REE to monitor the alteration
reactions that occur in hydrothermai systems that are
responsible for the formation of massive sulfide deposits.
Schneider and others, (1975, 1977) and Moller and others,
(1976) sucessfully used REE fractionation pattérns of
fluorites to determine the genesis of the fluorites and the
origin of the related Pb-Zn mineralization. Ganzeyev,
(1976) used REE patterns of fluorites to identify fluorites
of different origins. Martin and others (1978) determined
that REE were mobile and added during fenitization of
quartzites. Moller and others, (1979) used REE and C and ‘O
isotope patterns in célcite-to determine the origin of the
ore bearing fluids in Pb-Zn veins. Calcites of hydrothermal
origin showed REE patterns distinctive from calcites of
other origins. Moller and others (1981) used REE concen-
trations in Ca minerals, sphalerite, and cassiterite to
determine the conditions under which the minerals formed.
The REE distribution in these minerals showed distinct
patterns and could be interpreted as having a sedimentary,

hydrothermal or pegmatitic origin.



(6)

Fluid Inclusion Studies

Only fluid inclusion studies on skarn assemblages and
ore mineralization that are similar to this studylwill be
discussed. Ohmoto and others (1968) conducted a study _on
massive lead-zinc ore bodies associated with earlier formed

skarn and fluid inclusion measurements made on quartz,

calcite, and sphalerite indicate  that major sulfide
deposition occurred between 450°C and 370%¢. De-Grout-
Pommart (1975) studied a skarn deposit in Greece and

determined that garnet-hedenbergite-magnetite skarn formed
at between 550°C to 600°c. Huang and otheré (1975) studied
a contact metasomatic. replacement deposit and fluid
inclusions from garnet, pyroxene, and quartz homogenized to
a liquid at 450°C to »>500°cC. Sigurdson and Lawrence (1976)
determined garnets associ;ted with a tungsten-tactite skarn
deposit filled at 350°C. Grabezhev (1977) determined that

pyroxene-garnet-vesuvianite skarn formed at 500°C to 450°c

in a skarn deposit from Russia. Ahmad and >Rose (1980)
conducted a fluid inclusion study on porphyry and skarn ore
at Santa Rita, New Mexico and determined that skarn
formation occurred between 250%¢  to 450°C. Tan and Kwak
(1979) and Kwak and Tan (1981) studied the geology and
genesis of a skarn deposit at Moina, Tasmania. Their work
also included a fluid inclusion study on garnet aﬁd diopside
skarn and they concluded  that the composition  ang
homogenization temperatures of fluid inclusions was strongly
dependent upon and varied systematically with distance from,

the intrusion.
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Method Of Investigation

A total of eighty-four samples were collected. These
samples included each mineralized formation from the
Continental mine (Fig. 2) and the equivalent unaltered
formations were sampled (Fig. 3). Samples of the same
formations thermally altered (recrystailized) but not
metasomatized or mineralized were also studied (Fig. 4).

The samples collected from the Continental open pit mine
(Fig. 2) do not always match the geologic formations shown
on the open pit map because of changes in the surface
geology of the mine Dbetween when the mine was last mapped
(1977) and when samples were collected for this study
(1981).

Fifty-seven thin ' sections and eighteen polished
sections were examinedrpétroqraphically;

X~-ray diffraction analyses were done for determining
mineral composition of garnets, for mineral identification
and for verification that garnet samples used for Instru-
mental Neutron Activation Analysis (INAA) were pure.

REE concentrations were determined on forty-eight
?samples by INAA. Other trace element data was also
‘collected.

Fortyv-five doubly polished sections of garnet from
skarn and quartz-magnetite and gquartz-magnetite-sulfide
veins that cut skarn were used to obtain fluid inclusion

measurements (Fig. 2).
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General Geology

Regional and Tectonic Setting

The Hanover-Fierro intusive and nearby Pinos Altos,
Santa Rita, Copper Flat, and Tyrone intrusives are part of
the Laramide porphyry copper belt (80-45 myBP) of the
southern Cordillera. Most deposits lie within the Basin and
Range province of southeastern Arizona, New Mexico, and
Sonora. The Cordillera occurs in a deformed Dbelt of
Paleozoic and Mesozoic rocks and occupies a position between
coastal batholiths aﬁd uplifted or widely exposed basement
rocks of PreGambrian or lower Proterozoic age (Fig. 5).

Paleozoic strata were deposited - in a cratonic
environment that lay east of the Cordillera Miogeocline.
Carbonate rocks dominate the Paleozoic stratigraphy in most
regions. Substantial evidence (Kottlowski, 1963; Butler,
1971) indicate a northwest trending tectonic grain that
affected deposition, although no great magnitude of
structural movement is indicated. Volcanism and intrusive
activity was widespread in a northwest trending belt in
Triassic and Jurassic; however, these rocks are not present
in the Centgal mining district. ° During early Cretaceous
the southern Cordillera was the site of deposition of great
thicknesses of clastic rocks and lesser amounts of marine
carbonates. Northwest-trending tectonics was active in the
pre-Laramide Mesozoic. |

During tﬁe Laramide (80—45 myBP) extensive

calc-alkaline volcanism and igneous activity gave rise to
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COLORADO
PLATEAUS

LARAMIDE PORPHYRY
COPPER DEPOSITS

MESOZOIC INTRUSIONS

n PRECAMBRIAN TERRANE
IN CORE COMPLEXES

PRECAMBRIAN ROCKS

FAULT
[El HANOVER-FIERRO

o} 100 200  300° 400

kilometers

Figure 5 . Generalized geologic map of the southern
Cordillera showing the location of most porphyry
copper deposits of the region, PreCambrian expo-
sures and the Coastal Batholiths (after Titley,
1981).



(16)
many porphyry copper and related ore deposits. The Laramide
event is believed to be related to times of high convergence
rates produced by movement of the oceanic Farallon plate and
the continental North American plate (Fig. 6). Flattening
of the subduction zone (Lipman and others, 1972; Coney and
Reynolds, 1977) is-considered to have resulted in the broad
areal extent of subduction related, calc-alkaline intrusive
and volcanic activity 1in the southern Cordillera. The
eastward sweep of arc magmatism and associated tectonism
during Laramide time was followed Dby a westward sweep
accompaned by complex extensional tectonics during mid
Cenozoic times. Ridge subduction of the Farallon plate
initiated the formation of the San Andreas transform fault

in Late Cenozoic, extinguished arc magmatism and opened the

Gulf of California. After a gap in time (40-15 myBP)
calc-alkaline volcanism changed to bimodal tholeiitic
volcanism and tectonic style changed from dominantly

compressional to dominantly extensional.

Extensional deformation within Basin and Range
tectonics (15-0 myBP) was characterized by the formation of
horsts, grabens, tilted blocks bounded by steeply dipping
normal faults, valley-filled sediments, and bimodal
volcanism. Basin and Range tectonics is not associated with
the formation of the porphyry copper deposits.

General Structure of the Central Mining District

The Continental deposit occurs in the crudely

triangular, fault bounded, uplifted Santa Rita Horst in an
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area of erosion of Miocene(?) volcanics andg younger
sediments. Exposures of the older Paleozoic formations and
their associated ore deposits occur in the Santa Rité horst.
The Mimbres fault to the east, the Barringer fault to the
northwest, and to the south a zone of primarily
discontinuous normal faults which trend .N.75E. bound the

Santa Rita horst (Fig. 7).

Structural History of the Central Mining District

Little is known concefning the deformation of PreCam-
brian rocks because of the small amount of exposed rocks in
the area. No folds or faults are known to have formed
during the entire Paleozoic era.

Major structural features in the Central mining
district are related to Laramide intrusive and volcanic
activity and to later Basin and Range tectonics. Most of
this structural deformation is directly related to intrusion
of igneous rocks. The emplacement of intrusives occurred in
definite chronological order and includes: 1) sills,
laccoliths and generally concordant plutons, 2)’mafic plugs
and dike swarms related to the andestic volcanic complex, 3)
disconcordant plutons (Hanover-Fierro stock), and, 4) dike
swarms and plugs. The major intrusive stocks such as the
Hanover-Fierro and Santa Rita stocks have locally domed the
overlying sedimentary rocks forming small anticlinal
Structures.

Complete development of fault and fracture patterns and

deposition of massive iron-oxide ore bodies followed the
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intrusion of the major stocks. Some faults such as the
Barringer, Modoc and Zuniga faults were in existence prior
to the intrusion of the sills and the major stocks and many
faults were reactivated during the period of intrusion of
major stocks to after deposition of the Miocene volcanics.

Northeast-trending and northwest-trending Basin and
Range faults formed (15-0 myRBRP) and sometimes reactivated
faults. The northeast-trending faults predominate in size,
amount of displacement and number (Figs. 7 and 8).

According to Jones and others, (1967) six breccia pipes
occur in the Central mining district (Fig. 8). One of the
breccias occurs in the southern lobe of the Hanover-Fierro
pluton. The age of the b;eccia pipes in each area is Dbased
on the type of rocks inclﬁded in the Dbreccia or by
alteration and ore mineralization. The ages of the Dbreccia
pipes range from pre-intrustion to post-intrustion.

The Hanover Hole located just south of Hanover is a
circular cavity that has been filled with sedimentary rocks
(Fig. 8). BAn origin of subsidence or explosion has been
postulated (Jones and others, 1967).

Stratigraphy of the Central Mining District : )

The PreCambrian rocks in the Central mining district
are grantite, micaceous schists, gneisses, greenstones, and
quartzites (Figs. 4 and 9).

According to Jones and others (1967) the PreCambrian
basement is covered by approximately 1000 meters of Paleo-
zoic rocks which are predominately limestone, dolomite, and

lesser amounts of shale (Fig. 9 ). Ordovician and Silurian
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Approx.
System Formation thick. Lithology
meters
Recent and Yourger alluvium tnconsolidated alluvium and collwnium in valley floors,
Pliestocene Older alluvium flat uplards and slopes. Includes sard silt, grawvel,
Pliocene and | Gravel deposits in Mimbres | 0-250 Samawhat consolidated poorly sorted bolson deposits
Miocene River System ranging from silt to boulder deposits.
E . 0-260 Dark—gray finely crystalline porphyritic flows: woather
lu‘.: andesite flows Mq reddish hrown contain phenocrysts of pyroxene, magnetite,
underlying gravel and boul nd olivi in matri ¢ lahradorite
der deposits '1 and olivine in matrix of i
Pitchstone, sandstone, amd | 0~185 Crystal fragments of quartz, sanidine, biotite, and oli-
irdurated rhyolite tuff goclase, and rock fragments imbedded in compacted glass
Miocene {?) underlain by Kneeling Nunn shards, in part devitrified and in part replaced by
Tuff chalcedony. Black pitchstone contains rock fragnents and
and is locally vesicular.
Sugarlump Tuff 0-185 Puricecus tuff, gravel, and sardstone locally replaced by
clinogtlolite  Gererally well stratified.
- Andesite hreccia (see below)
Rubio Peak Parmation 0-185 Conglareratic containing intercalated indurated tuffs
and rhyodacite and andesite flows. (Rubio Peak Form.)
Lower Ter- Andesite breccia and fine—grained crystal tuff, volcarse
tiary ard Ardesite breccia 0-150 sardstore, and same nomoleanic sardstone and mudstons,.
Upper Cret. .
Upper 250 m. consists of tan, green—hbrown, and white
sandstone interbedded with dark—green, brown, and black
Upper Cret. Colorado Formation 0300 shale. lower 70 m. is black limy shale except for 6.5 m.
of quartzite about 25 m. atove base. Thin beds of
fossiliferous irpure limestome conspicuous in lower part
above the lower beds of black shale
Upper (?) Cret.| Beartooth Quartzite 20~45 Finegrainad quartzite containing thin black—shale
partings locally. Conglomerate beds near top.
lo-er Permian | Abo Formation 0-80 Red shale, mudstone, and limy mudstone oontaining lenses
. ’ of algal conglamerate locally. .
Upper Penny- |Syrena Formation 50-120 | Impure limestone and limestone interbedded with
sylvanian irreqular lenses of red calcareous shale and with shale
beds particularly in the lower 45 m.
Upper and Oswaldo Formation Blue—gray lim:stone, fairly pure except in upper part,
Middle (Upper Blue Limestone) 100-125| interbedded with thin shale beds; gray to red silicecus
Penn. {Middle Blue Limestone) shale or grit abovt 6.5 m. thick occurs at the base.
(Parting Shale}: basal
Lower lake Valley Limestone Limestone, pure crimcidal and massive in wrer part,
Miss. (Lower Blue Limestone) 90-125 | argillaceous and thin bedded in central part. Much
{Hanover Limestone) ' | rodular chert throughout.
Upper Percha Shale
Devonian (Angen) Box Member 70-95 Upper mamber (Box Mamber) is gray calcareous shale
{Ready Pay Member) containing abndant limestone nodules; lower member
(Ready Pay Mamber) is black fissile shale, calcareous
base,
Silurian Fusselman Dolamite 30-90 Gray cherty finely crystalline vuggy massive dolomite
Upger and | , _
Middle Montoya Dolomite 90-105 | Light aray to gray very finely crystalline massive
Ordovician ‘dolamite containing interixddd dolomite and dark chert
in central part and concentragions of opalescent qQuartz
sandstuone at the base.
Lower El Paso Limestones 150-160; Thun to thickbadded light-gray limestone and dolomite.
Qrdovician ’ hert nodules in upper part; abundant fucoidal markings
in lower part.
Ucper Bliss Pormation 40-60 Predominantly dark-hrown massive quartzite, locally
Camiar ian hematitic and glauctonitic,  Grayish-ixown shaly
dolamite and basal coarse conglamerate locally
PreCambrian Cranite, granite gneiss, and greenstone

Figure 9 Description of layered rocks in the Central Mining District, Grant Qounty, New Moxioo
*rodified after Jones and others, 1967. Names ocourTing in parantheses refer to local

mmirologymployadbyninenarﬂnppea:ind‘eorderinmichtheym
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sediments are dolomites with the exception of the E1 Paso

Limestone which 1is in part dolomite. Above the Devonian
shale all Paleozoic sediments are limestones. Cretaceous
basal quartzite and overlying shales and sands tones

approximately 550 m thick unconformably rest on Upper
Paleozoic formations.

The nine Paleozoic formations range from Cambrian to
Permian and are important hosts of skarn and ore minerali-
zation at the Continental mine. These nine formations and
the two Upper Cretaceous formations are the complete
stratigraphic section at the Continental mine (Fig. 9).

Overlying the eroded surface of the Lower Cretaceous
sedimentary rocks is up to 185 m of andesitic breccia and
conglomerate of Upper Cretaceous to Lower Tertiafy age.
Numerous mafic dikes of probable Tertiary age intruded the
volcanic rocks before mineralization (Jones and others,
1967).

- After extensive erosion, Basin and Range Miocene (?)
latitic and rhyolitic volcanic rocks followed by basaltic
andesite flows associated with caldera complexes formed the
Datil-Mogollon volcanic field.

Stratigraphic Nomenclature of the Central Mining District

Two sets of stratigraphic nomenclature are used for the
Central mining district and Figure 9 relates these two
terminologies. One is that of the United States Geological
Survey used to describe the unaltered sediments. The Othe;

terminology is used by the mine geologists and refers to
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alteration rather than lithology. The terminology employed
by the United States Geological Survey will be used when
referring to the unaltered section of rocks and the mine
‘terminology will be used when referring to altered rocks in
the Continental mine.

General Geology of the Continental Mine

The Continental mine is an Fe-Cu-(Zn) skarn deposit
that occurs on the northern margin of the Hanover~Fierro
stock. The skarn and hornfels replace Paleozoic and Upper
Cretaceous limestones, argillaceous limestones, limy shales,
and dolomites. The most pure limestones such as the
Hanover, Lower, Middle and Upper Blue Limestones have been
replaced by garnet skarn and are the most important hosts of
sulfide and magnetite mineralization. The argillaceous
limestones are replaced by garnet-clinopyroxene skarn and
are less important thosts of sulfide and @ magnetite
mineralization. The limy shales are altered to fine-grained

garnet-clinopyroxene-feldspar-quartz hornfels with minor

sulfide and magnetite mineralization that is usually
disseminated or restricted to veins. Dolomite is replaced
by forsterite-serpentine+magnetite skarn, forsterite-

serpentine-clinopyroxenet+magnetite skarn and massive mag-
netite skarn (Fig. 10).

Numerous fractures and faulting of the - overlying
sediments 1is directly related to the Hanover-Fierro
intrusive. However, the Barringer Fault (fig. 2) and the

Zuniga and Modoc Faults that occur parallel and to the west
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and northwest respectively of the Barringer fault are
pre-intrusive. The Barringer fault passes through the north
end of the Hanover-Fierro stock where it has been‘ mapped
(Jones and others, 1967) as a series of parallel shear zones
(Fig. 4). The Barringer, Zuniga, and Modoc Faults all
served as important channelways for mineralizing £luids.
Intensity of skarn mineralization decreases away from the
faults. Skarn formation extends outward up to 1400 m from
the contact with the intrusive along major faults. Thermal
effects of the Hanover-Fierro intrusive extend approximately
600 to 800 m outward from the contact (Yousefpour, 1279).

Hanover-Fierro Intrusive -

The Hanover-Fierro intrusive has an approximate north-
south length of 4.0 kms and is approximately 0.8 to 1.6 kms
wide (Fig. 4). The intrusive has two distinct parts
(Schmitt, 1939%a). The main mass -comprises approximately
eighty percent of the stock and is referred to as the
porphyritic facies. The Hanover lobe which contains the
remaining twenty percent of the stock is commonly referred
to as the equigranular facies and forms the bulbous southern
extgemity of the pluton (Jones and others, 1967).

The two distinct facies occurred in two stages and it
is suggested that the stock has a compound origin (Spencer
and _Paige, 1935; Jones and others, 1967). Structural
evidence suggests that the main mass (porphyritic facies) of
the Hanover-Fierro stock was intruded after the intrusion of

the southern lobe (equigranular facies) or simply continued
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to rise after the south 1lobe was emplaced. The structures
around the northeast half of the southern lobe have been
tilted southward as the main mass. rose.

Regional Economic Geology

Most of the ore deposits in the Central mining district
are genetically related to Laramide calc-alkaline intrusions
and volcanism. Eight Fe, Fe-2%n, or Fe-%Zn-Cu open pit mines
surround the Hanover Fierro intrusive. Copper porphry
deposits are spatially and genetically associated with the
nearby Santa Rita, Copper Flat and Tyrone Laramide
"intrusives. Silver mineralization occurs at Georgetown and

Chloride Flat (Fig. 10a).
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Figure 1Ga . Index map of ore deposits, mines, and towns in the Central Mining
District, Grant County, New Mexico. From Hernon and Jones, 1968.
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RECRYSTALLIZED (THERMALLY ALTERED) SEDIMENTARY ROCKS

The recrystallized sedimentary rocks have been
thermally altered by the Hanover-Fierro intrusive (Fié. 4).
Thin section and hand sample examination indicate that these
rocks have been recrystallized - without sign;ficant
introduction of elements by metasomatizing fluids. The
carbonate sediments are themally altered to impure to pure
marbles. Shaly carbonates are altered to impure marble
associated with Thornfels. Shales are recrystallized ¢to
biotite and/or chloritic hornfels or slate. One sample Thad
garnet associated with the limestone. Only mindr sulfides
occur, eithér disseminated or associated with quartz in
veins.

Mineralized, metasomatized sediments from the
Continental orebody, the equivalent thermally altered sedi-
mentary rocks ana the equivalent unaltered sedimentary rocks
are compared (Table 1). Detailed mineralogy of individual

samples can be found in Appendix I.
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MINERAL ASSEMBLAGES AT THE CONTINENTAL MINE

The principal mineral assemblages at the Continental
deposit are garnet+magnetite skarn, garnet-diopside+mag-
netite skarn, forsterite—serpentiné+magnetite skarn,
magnetite skarn, garnet-diopside~quartz-feldspar hornfels,
brucite-marble skarn and locally occurring wollastonite
skarn and tremolite skarn.

Dolomite And Siliceous Dolomite

The Lower Paleozoic cherty dolomites include the
Montova and Fusselman Dolomites and the predominately
dolomitic rocks of the El Paso Limestone. These formations

are altered to a magnesian skarn or a brucite-marble skarn.

Mineralogy of the magnesian skarn include forsterite,
calcite, dolomite, marble, vhlogopite, tremolite,
serpentine, talc, brucite, chlorite, magnesite, and humite

group minerals (Fig. 11).

T m . / st ‘D '”E“!' ’ --.:.-Tl.“’-"-” i B e o L
Figure 11. Forsterite-phlogopite-wollastonite-
actinolite-talc skarn with highly fractured
forsterite (ol), altering to phlogopite (ph),
serpentine, and magnetite (mag) and surrounded
py talc (talc), calcite (cc), biotite (bt),
actinolite (act) and wollastonite (woll).
Granular diopside occurs in isolated areas.
Sample from the Montoya Dolomite (CDM-11)
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Clinopyroxene‘ occurs in isolated areas within the
magnesian skarn.

‘Magnesian skarn close to the intrusive contact 1is

predominantly forsterite-serpentine+magnetite skarn,
clinopyroxene—forsterite—serpentine+magnetite skarn or
forsterite-dolomite-calcite skarn. Further away from the

intrusive, the dolomite has been altered to periclase-
brucite-marble skarn.

Hand samples and petrographic exdmination of these
lower dolomitic units indicates that recrystallized Dbrucite
marble grades into a forste;ite~serpentine skarn over a
relatively short distance. Nearing thé intrusive, highly
altered forsterite first occurs as relatively isolated
grains then 1increases until it becomes the predominant
mineral. This general =zonation pattern is interrupted Dby
the Barringer Fault, in which mineralization extends to
greater distances away from the intrusive along the fault.

Magnesian skarn 1is extensively altered locally to a
predominantly black-yellow serpentine with forsterite
occurring only as intensly altered, relict grains.

Magnetite and forsterite replaced dolomite at the same ,
time and later magnetite replaced forsterite-serpentine
skarn. Pyrite and chalcopyrite occur only in small amounts
as disseminated graihs or in veinlets.

The Aleman Member of the Mbntoya dolomite is altered to
distinctively banded marble, magnetite, serpentine, and

chert rock (Fig. 12).



R §

Figure 12. Hand sample and petrographic section of
Aleman Chert Member (CMA-5).

a) Marble-chert-magnetite-serpentine skarn from the
Aleman Chert Member of the Montoya Dolomite.

b) Banded serpentine (serp), massive and fine-grained
calcite (cc), chert {(ch), and serpentine+calcite
+magnetite (mag). Some serpentine bands show
remanent forsterite associated with serpentine
and chlorite.
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The El1 Paso Limestone is the lowermost limestone for-

mation at the Continental orebody and is predominantly
dolomitic. Samples collected were highly sheared and
altered since they were close to the Barringer Fault. The
E1 Paso Limestone is an extremely altered forsterite-
clinopyroxene skarn. In thin section, massive, fractured,
extremely veined, and altered, forsterite predominates with
isolated occurrences of clinopyroxene. Irregular masses and
veinlets of vyellow green serpentine, ﬁnidentified oxides,

i

clay, and biotite cut the massive skarn (Fig. 13).

Figure 13. Forsterite-serpentine-magnetite
skarn with massive, highly fractured, for-
sterite (fo) with magnetite veins. Fibrous
minerals (lower left) are actinolite (act)
and biotite (bt). The irregular, masses and
veinlets are primarily magnetite, amphibole,
chlorite, epidote and fine-grained yellow clays.
Sample is from the El Paso Limestone (CEP-3).
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Shale Members

The lower shale horizons with the exception of the
Percha shale have been altered to a fine-grained diopsidic
hornfels close to the intrusive and to a biotite Thornfels
away from the intrusive.

The Percha shale unlike other shale formations is a
biotite hornfels both close and away from the intrusive. 1In
thin section fine-grained, gquartz and feldspar predominate
with lesser amounts of biotite associated with chlorite,
actinolite and sericite. Numerous quartz + magnetite,
quartz + magnetite + pyrite, and quartz + biotite veins cut
the hornfels. Ore minerals occur predominantly in veins
with minor occurrences of disseminated sulfides.

Shale horizons in the Syrena Formation, the Parting
Shale at the base of the Oswaldo Formation and most of the
Abo and Colorado Formations are altered to a fine-grained
diopside hornfels close to the intrusive and a biotite or
chlorite hornfels awa? from the intrusive. Sedimentary
layering is preserved and distinguishable by differences in
color related to the presence of magnetite. 1In thin section
these Thornfels afe predominantly fine-grained gquartz,
feldspar, and iron oxides and lesser amounts of clino-
pyroxene altering to chlorite and epidote. Calcite, sphene,
muscovite, and apatite .are accessory minerals. Further from
the intrusive biotite and chlorite occur and clinopyroxene

is not present.
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Shaly Limestone Members

The shaly limestones include the Syrena Formation and
the similarily metamorphosed Augen Member of the Percha
Shale. These shaly limestones form a garnet~diopside—
quértz— feldspar hornfels close to the intrusive and a
marble skarn away from the intrusive. In general, an
increase in shale content of the limestone corresponds to an
increase in clinopyroxene with respect to garnet.
Therefore, the garnet diopside skarn described in the shaly
limestones grades into the diopside hornfels characteristic
of the shales.

The shaly limestone of the Syrena Formation is altered
to a grey-green resinous garnet-diopside-quartz-feldspar
hornfels. In thin section, large, euhedral to anhedral
diopside occur in a fine-grained groundmass of predominantly
quartz and feldspar. The diopside is replaced by irregular,
light brown garnet, and altered to chloritic actinolite and
granular diopside. Several plagioclase grains occur
together in isolated areas and are dotted with numerous

inclusions of diopside, garnet, and apatite (Fig. 14).



Figure 14. Samples from the Syrena Formation (CSY-127)
and (CSy227).

a) Garnet-diopside-quartz-feldspar hornfels is comprised of
extremely fine grained quartz {(qtz) and feldspar (feld)
with areas of anhedral to euhedral altered diopside (cpx)
that is altered to granular diopside, chloritic actinolite
(amp), and calcite and being replaced by irregular light-
brown garnet (gt). The garnet veinlet is zoned, inclusion
free, garnet (gt), chalcedony (ch), and calcite (cc) in
the center, and diopside and magnetite towards the margins.

b) Garnet-diopside-quartz-feldspar hornfels showing a
close-up view of the altered diopside grains (cpx). The
altered diopside grains are coarser-grained towards the
center with grain size decreasing outward. The diopside
has primarily altered to granular diopside and chloritic
actinolite (amp). Irregular, light-brown garnets are re-
placing the ‘altered diopside. Surrounding the diopside is
fine-grained quartz (gtz) and feldspar (feld).

Irregular bands of garnet skarn cccur 1in the Syrena
Formation between the garnetwdiopside—feldsparmquartz
hornfels. 1In thin section, ‘anisotropic, highly fractured,
garnet predominates and is surrounded by irregular areas of

diopside and carbonate. Garnets have very fine-grained
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inclusions of carbonate and diopside. These may be remanent
minerals from the replacement of garnet.

The Augen Member of the Percha Shale is comprised of
highly anisotropic, =zoned, garnets that form irregular
masses and veinlets in a groundmass of altered diopside,
turbid calcite, quartz, epidote, secondary chlorite, actino-
lite accessory sphene, and apatite. Garnet replaces diop-
side and carbonate. However, the garnet is later altered to
carbonate, clays, and granular epidote which is indicated by

carbonate pseudomorphic after garnet (Fig. 15).

Figure 15. Garnet replaces carbonate and
diopside and is later replaced by carbonate
(arrow). The centers of the partially rep-
laced garnet (gt) commmonly contain pyrite.

The fine-grained hornfels (upper right corner)
is predominately clinozoisite (cz), calcite
(cc), and quartz (gtz). Garnets that have

not been replaced by carbonate (lower left).
From the Augen Member, Percha Shale (PS-AG-16).



(38)

The unaltered Augen Member is a 1limy shale with
limestone nodules. In mineralized sediments the irregularly
shaped, massive garnet replaces the more pure Iimestone
nodules. Altering diopside, turbid calcite, quartz, and
epidote replace the shaly limestone. Diopside and garnet
were altered to epidote, amphiboles and chlorite. Magnetite
replaces garnet and occurs in some veins. Other veins are
comprised of coarse-grained calcite + quartz, and less
commonly calcite + apatite.

Limestones

The relatively pure limestones such as the Hanover and
Lower Blue Limestone of the Lake Valley Limestone, and, the
Middle and Upper Blue Limestones of the Oswlado Formation,
form massive garnet+magnetite skarn close to the intrusive
and marble skarn away from the intrusive. Wollastonite
skarn occurs locally adjacent to garnet skarn and marble
skarn.

In thin section the garnet+magnetite skarn of the
Oswaldo Limestone is predominantly massive, anisotropic,
zoned, and fractured garnet. Minor chalcedony and calcite
£ill open spaces. Garnet replaces carbonate and may contain
abundant minute inclusions of carbonate. Magnetite replaces
garnet and fills open spaces. Pyrite and chalcopyrite fill

Open spaces and replace magnetite (Fig. 16).



Figure 16. Magnetite (mag) replaces garnet (gt)
and fills open spaces. Garnets are small,
zoned, and have very few carbonate inclusions.
Iron-rich clays(?) commonly occur in the center
of the garnets or are concentrated along growth
zones (arrow). White areas are open spaces and
less commonly chalcedony.

Sample from the Oswaldo Limestone (COS-15).

The unaltered Hanover Limestone is an extremely pure
limestone with chert nodules. This member is the host to
the major Fe“-Cu-(Zn) ore of the Continental orebody. The
Hanover Limestone is altered to garnet+magnetite skarn,
diOPSide—garnet+magnetite skarn or locally magnetite-sulfide
rock. In thin section magnetite skarn 1is comprised of
apPproximately sixty percent magnetite  surrounded = by
lr'regular areas of diopside, carbonate, quartz, magnetite,
9arnet, and secondary actinolite, tremolite, and chlorite.

Pyrite ang chalcopyrite occur as disseminated grains and in

Veins that f£ill fractures in the magnetite skarn (Fig. 17).



1.5 mm

Figure 17. Magnetite skarn. Irregularly shaped
shaped areas areas are unreplaced skarn com-
prised of carbonate (cec) and diopside (cpx)
altering to amphibole (amp) and chlorite (cl).
Vein is comprised of quartz+calcite+minor
actinolite. Opaque areas are all magnetite
(mag).
Sample is from the Hanover Formation (CLH-12).
The Lower Blue Limestone is a garnet skarn close to the
intrusive contact. In thin section garnet predominates and
is massive and fractured, with anisotropic margins and
isotropic centers. . Garnet replaces calcite and commonly
contains minute included grains of carbonate and diopside.
A reaction rim comprised of nontronite, calcite and epidote
Surrounds some garnets. Irregular stringers of quartz,
Quartz + garnet and garnet veinlets pinch and swell, cut the
earlier garnet skarn, and locally replace skarn. Magnetite

forms irregular veinlets that cut and replace garnet. Late

Stage quartz and quartz + magnetite veins cut entire rock.
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Quartzite Formations

Two qguartzite formatiohs occur 1in the Continental
orebody; the Lower Paleozoic Bliss Quartzite and the Upper
Cretaceous Beartooth Quartzite.

The Beartooth Quartzite has not undergone significant
alteration and occurs as a recrystallized orthoquartzite
with minor disseminated pyrite. In thin section irregular
guartz is ninety-five percent of the rock. with minor
amounts of muscovite, chlorite, sericite, clay and pyrite.

The Bliss Quartzite sampled close to the Hanover-Fierro
stock is altered and sheared due to the 1invasion of the
Hanover-Fierro stock. The Bliss Quartzite occurs as a darg
grey-green rock and in thin section 1is predominantly
fine—grainedvquartz, poikolitic hornblende, actinolite, and
magnetite. Poikolitic hornblende is being replaced by
biotite, epidote, magnetite, quartz, and commonly contains
abundant apatite inclusions. Zircon and sphene occur as
important acceséory minerals. Ubiquitous magnetite gives
the rock its characteristic dark color.

Igneous Dikes And Sills

Two extremely metasomatized, granodiorite porphvry dikes
invade the Montoya dolomite and predate mineralization. In
thin section, most of the igneous texture has been

Obliterated and massive, anisotropic, irregularly =zoned

garnets have replaced most of the original rock. Garnet
replaces plagioclase and is surrounded by a
Cryptocrystalline groundmass of remanent feldspar,

Carbonate, clays, and quartz. Sphene, epidote, muscovite,

and apatite are important accessory minerals (Fig. 18).



Figure 18. Metasomatized granodiorite dike
comprised primarily of zoned garnet (gt),
which can be seen replacing plagioclase (pl).
Carbonate occurs in the interior of most
garnets. Growth zones are commonly observed
around groups of garnet grains. Igneous
texture has been obliterated.

Sample from the Montoya Dolomite (CGD-9).

A felsic sill in the Dbase of the Oswaldo Formation 1is
extremely altered but igneous textures are observed. In
thin section the groundmass is granular quartz, altered
feldspar, hornblende, actinolite, and clays. Feld;par
phenocrysts replaced by clay(?) and ragged hornblende(?)
phenocrysts occur in the groundmass. Veins of actinolite +

chlorite + magnetite + quartz, and quartz + actinolite +

epidote cut the altered sill (Fig. 19).
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LOmm

Figure 19. Altered felsite sill. Fine-grained
groundmass is primarily quartz (qtz) and feld-
spar (feld). Relict feldspar phenocrysts are
altered almost entirely to clay. The north-
south vein is massive magnetite (mag), quartz
(qtz) and apatite (center) and epidote (ep)
and chlorite (cl) (margins).

Sample from the base of the Oswaldo Formation
(COSH13)

Numerous dikes and sills occur in the Colorado
Formation Two altered, diorite porphyry sills and one
amphibolite dike were sampled. The amphibolite dike in thin
section 1s comprised of extensively altered hornblende
Phenocrysts in a green-yellow, aphanitic groundmass of
actinolite, chlorite, epidote, clay, and indistinguishable
minerals.

The least altered diorite sill is altered but igneous
textures are evident. In thin section plagioclase and

orthoclase altered to «clays and sericite and hornblende

altered to epidote, chlorite, magnetite and quartz. Apatite
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and sphene are important accessory minerals. The more
altered diorite sill is comprised of plagioclase and ortho-
clase phenocrysts that have have been entirely repiaced by
clays and minor epidote, sphene, and hornblende phenocrysts
that are now chloritized actinolite with sphene and apatite.
The groundmass is very fine~grained quartz, orthoclase,
actinolite, clays, sphene and rare plagioclase grains.

Garnet Skarn

A brief discussion on garnet skarn is included because
it is the most important host of the Fe-Cu-(Zn) ore and the
most common skarn of the Continental orebody. Garnet ‘skarn
is variable and forms in several ways.

l. Coarse-grained, euhedral to subhedral, reddish-brown or
green garnet that replace the more pure limestones such as
the Hanover and Lower Blue Limestone 6f the Lake Valley
Limestone and the Middle and Upper Blue Limestones of the
Oswaldo Formation (Figs. 20 and 21). These garnets are the
most important host of Fe-Cu-(Zn) ore and are always ex-
tremely brecciated. In thin section the garnet is light-
brown to grey, extremely brecciated, and isotropic and/or
anisotropic. Garnet replaces carbonate, and to a ilesser
extent diopside.

2. Garnet derived from shaly limestones and to a lesser
eXtent in calcareous shales is fine to medium—graihed
Subhedral to anhedral, usually reddish brown, and repiaces
Primarily diopside and carbonate (Fig. 22). Garnets are

typically extremely sheared.
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Figure 20. Massive, euhedral, green garnets associated
‘with magnetite. Magnetite is filling open spaces and
replacing garnets. From the Hanover Formation.

5‘,‘—4 :
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Figure 21. Massive, euhedral green garnets with magnetite,

euhedral pyrite and chalcopyrite. The large, euhedral
pyrite indicate the availability of open spaces during
crystallization. Secondary calcite fills open spaces.
From the Hanover Formation.
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3. Garnet occurs in veins that cut earlier skarn formation
and generally are anisotropic, zoned in the larger veins,
and are free of inclusions. Garnet comprises the> entire
mineralogy of the vein or 1is associlated with quartz,
diopside, magnetite, and chlorite.
4. Massive garnet that is continuously <zoned over several
adjacent grains in the granodiorite dikes and replaced
plagioclase (Fig. 18).
5. Locally garnet replaces wollastonite skarn.

Garnet compositions were approximately determined by
color, refractive index, and X-ray diffraction analyses and
range from andradite to grossularite. Commonly, the garnets
have distinctively massive green centers and red-yellow
zoned exteriors. Garnets range from uniaxial to biaxial and

exhibit both positive and negative interference figures.



Figure 22. Garnet skarn from the Hanover Limestone
a) Euhedral garnets that are replacing calcite
and diopside. Diopside inclusions are common
in the center of the garnets (GT-4).
-b. Euhedral, zoned garnets that are replacing
calcite and diopside. Diopside inclusions
are common throughout the garnets (GT-3).

Hydrothermal alteration

The general lithologic =zonation described earlier has
been modified by later propyllitic. alteration which Thas
affected the skarn to varving degrees. Alteration is most

extensive along faults and fractures and where Dbrecciation

has occurred resulting in open spaces. Alteration of skarn

includes:

1. Serpentinization of forsterite in the Fusselman-Montoya

Dolomite.

Magnetite; magnetite occurs in veins, replaces forsterite
and replaces garnet.

Periclase altering to brucite.
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4. Chloritization; chlorite occurs in numerous veins, as an
an alteration product of diopside and garnet, and asso-
ciated with serpentine in the alteration of forsterite.

5. Epidotization; epidote occurs in numerous veinlets asso-
ciated with magnetite+actinolite+chlorite+quartz veins,
and quartz+pyrite veins (Fig. 19). Epidote is a common
mineral in garnet-diopside-quartz-feldspar hornfels and
is an alteration product of diopside and garnet.

6. Montmorillinite. Nontronite is a common alteration-prb—
duct of altering and brecciated garnets. Unidentified
clays are intimately associated with the calcite and are
responsible for the turbid appearance of the calcite.

7. Late stage quartz, quartz+calcite, quartz+calcite+chalco-—
pyrite, and calcite veins cut skarn and most earlier
formed veins.

Ore Mineralization

Magnetite, chalcopyrite, aﬁd pyrite are the most impor-
tant ore minerals at the Continental aeposit. Sphalerite is
Present but is not recovered. Magnetite is the onlvy oxide
mined and chalcopyrite is the most important sulfide mined.

Magnetite occurs disseminated and as massive ore inter-
bedded with forsterite-serpentine skarn and forms as a
Primary mineral or replaces the forsterite-serpentine skérn.
Magnetite also occurs in the garnet skarn but generally not
as extensively as in the forsterite~serpentine ska;n. In
garnet skarn, magnetite replaces garnet and fills open

spaces (Figs. 23-25).
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Figure 23. Large, massive, fractured, zoned
garnets that are being replaced by magne-
tite (mag) along growth planes and along
grain boundaries. All opaques are magnetite
with the exception of the veinlet (top) that
cuts the garnet (gt) and is comprised of
magnetite, pyrite, and unidentified clay.
Sample from the Hanover Limestone (GT-3).

sulfide mineralization 1is essentially restricted to
garnet skarn. Disseminated sulfides of minor importance
occur in the forsterite-serpentine skarn. Chalcopyrite and
pyrite cements brecciated garnet, fills open? spaces and
replaces magnetite, garnet and diopside (Fig. - 25).
Chalcopyrite and pyrite also occur as veins that cut massive
magnetite skarn (Fig. 26a), as small, massive concentrations

(Fig. 26b), and as disseminated grains replacing magnetite

(Fig. 26c).



Figure 24. Finely zoned green garnet is partially
replaced by magnetite. Magnetite and calcite fill
open spaces. Note the porosity of this sample.
From the Hanover Limestone GT-5.

Figure 25. Red garnet and some qreen garnet with

magnetite and chalcopyrite. The magnetite and
chalcopyrite fill open spaces and replace garnet.

From the Oswaldo Formation GT1-1.
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Figure 26. Ore samples from the Hanover and Oswaldo
Limestones a) Chalcopyrite and pyrite veins fill
fractures in massive magnetite skarn, b) massive
chalcopyrite (top) and magnetite skarn (base) with
PYrite occurring between (left), c¢) magnetite
skarn with chalcopyrite and pyrite, Note boxwork
structures probably after pyrite.
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Hanover-Fierro Intrusive

The porphyritic facies (main mass) of the Hanover-
Fierro intrusive occurs at the Continental mine and adjacent
areas in this study.

In thin section, phenocrysts of euhedral-zoned rlagio-
clase, hornblende, and lesgs commonly biotite, orthoclase,
and quartz occur in a groundmass of plagioclase, quartz, and

orthoclase, with minor biotite and hornblende (Fig. 27).

25 mm

Figure 27. Main mass of the Hanover-Fierro:
intrusive. Large, euhedral, zoned plagio-
¢clase phenocrysts and hornblende phenocrysts
altering to biotite and chlorite on the edges

- predominate. Biotite, quartz, and orthoclase
also form phenocrysts. Groundmass consists of
plagioclase, quartz, orthoclase and lesser
amounts of biotite, hornblende, and magnetite.
Porphyritic and glomerophyric texture.

Sample from the Hanover-Fierro intrusive
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Mineral Paragenesis

Based on textural evidence from hand',sample.and thin
section observations, the following paragenesis is indicated
(Table III). Early formation of forsterite, clinopyroxene,
phlogopite and magnetite associated with forsterite skarn.
Iron metasomatism resulted in magnetite devosition in the
lower dolomitic formations. Garnet skarn formation followed
with garnet replacing carbonate or earlier formed diopside.
Veins assemblages of garnet and diopside indicate overlap in
time of deposition. Following garnet mineralization
magnetite once again became the stable phase and replaced
garnet and filled open spaces between garnet. At this time
iron-bearing fluids were responsible for serpentinization
and veining of the forsterite skarn. Magnetite deposition
was followed by sulfide deposition of copper, zinc and iron

sulfides. Quartz and calcite veins cut both skarn and ore

formation.



Forsterite
Clinopyroxene
Garnet .o
Magnetite
Pyrite
Chalcopyrite ——
Chlorite ——=?
Epidote 7- --=?
Quartz -——— -
Calcite ———-

N

T 245-435% (GARNET)

——

Table II. Paragenetic sequence of skarn minerals, impor-
tant ore minerals, and later stage hydrothermal minerals.
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FLUID INCLUSION ANALYSES

Seven-hundred and fifty fluid inclusions from 45
doubly polished sections were studied. - Fluid inclusion
measurements were made on garnet from skarn and on quartz
from both quartz+magnetite and  quartz+magnetitet+sulfide
veins that cut the skarn. All samples were collected from
the Continental open pit (Fig. 2) and a brief description of
the samples is in Appendix II. Homogenization temperatures
and salinity measurements by freezing point depression were

determined by microscopic cbservation using standard methods

(Roedder, 1972), For those inclusions which contained a
halite daughter, salinity was determined by solution
temperature of the salt crystal. Microthermometry was

performed utilizing the THO600 heating-freezing stage
manufactured by LINKHAM Scientific Instruments of London,

England.

General Observations of Fluid Inclusions in Garnet

Fluid inclusions from garnet are of the simple two
phase type liguid-vapor with liquid>vapor (Figs. 28 and 29).
About two percent of the fluid inclusinns had a birefringent
daughter mineral, possibdly sulfate, that remained unchanged
wWhen heated or cooled (Figs. 28.2, 28.3 and 29.17). Fluid
inclusions in garnet are divisible into three groups:
IXEE_L Primary-type fluid inclusions that are isolated,
fange from elliptical to irregular in shape, and usually
are not elongated.  These inclusions appear to have dark,
thick inclusion walls (Figs. 28.4, 28.7, 28.9, 28.10, 29.12

29.13, angd 29.18).
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Figure 28. FLUID INCLUSION PHOTOMICROGRAPHS
All fluid inclusions occur in garnet

GT-5 Oriented primary fluid inclusions elongated
parallel to garnet growth zones.

GT-1 Secondary fluid -inclusion that occurs along a
fracture blrefrlngent daughter mirieral did not melt
(sulfate?) (228°C,-14.5).

GT-1 High temperature primary, isolated fluid inclusion
with blrefrlngent daughter mineral that did not melt
(sulfate?) (335°C)

GT-4 Two primary fluid inclusions (a. 261°C; b. 255°C
-5.0°C)

GT-5 Large, orientated, irregular fluid 1nclu51ons
elongated parallel to garnet growth zones (a. 262°C,
-10.4; b. 245°C, -8.0: c. 241 -6.7; a. 242°%c, -6.7;
e. 235°C, -5.7).

GT-5 Primary, elongated fluld 1nc1u51ons parallel to
garnet growth zones (a. 252°C,-6.7)

GT -~ 1 Low temperature, isolated, primary fluid inclusion
(205°c, -11.5)

GT~-5 Secondary fluid inclusions (Type IITb) appear
extremely dark and occur on secondary fractures.

Vapor bubble is difficult to distinguish (305°C, -12.5).
GT-1 Primary fluid inclusion, isolated, very dark
inclusions with many shadows.

GT-5 Primary fluid inclusion, isolated, very dark
inclusion walls are very typical of many garnet
inclusions (267°C)

(A1l photomicrographs are taken under plane light)
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Figure 29. FLUID INCLUSION PHOTOMICROGRAPHS
All fluid inclusions occur in garnet

GT-5 Primary fluid inclusions parallel to garnet growth
zones, irregular primary fluid inclusions (E-W direction)
and another growth plane (NW-SE direction).

GT-5 Low temperature, primary fluid inclusion, (a. 224°c,
-8.9)

GT-5 Primary fluid inclusion, isolated, 3-dimensional,
with very dark inclusion walls (256°C, -7.3)

GT-5 Secondary-type (?) fluid inclusions, low tempera-
tures (ranging from 190-230°C). -

GT-5> Poorly developed, primary fluid inclusions that are
parallel to garnet growth zones.

GT-4 Primary fluid inclusions, irregular in form, not
parallel to garnet growth zones, the large vapor bubble
in fluid inclusion a, homogenized to a liquid phase.

GT-4 Primary f£luid inclusion, high temperature, parallel
to garnet growth plane (330°C).

GT-1 Primary fluid inclusion, isolated.

GT1l-1 Extremely dark fluid inclusion occurring parallel
to several other similarly high temperature, very dark
inclusions which may represent a secondary plane:; this
type of inclusion commonly formed in lines with other
similar type of inclusions (a. 359°C, -0.1(2); b. 357°C,)

(A1l photomicrographs are taken under plane light)
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Type II Primary-type fluid inclusions that are elongated
in form and occur parallel to garnet growth zones »(Figs.
28.1, 28.5, 28.6, and 29.11).
TypeIIl Secondary-type fluid inclusions that occur
linarally associated with fractures. These inclusions are
commonly elongated parallel to the fracture and have two
forms: a) fluid inclusions that appear to have thick, dark
walls and may be completely dark (Figs. 28.8 and 29.19), and
b) fluid inclusions that have a flat appearance, thin walls,
a relatively small wvapor bubble and occur associated with
secondary fractures. Type IITb f£luid "inclusions also
occurred isolated which made it difficult to determine
whether they were primary or secondary.

Type I inclusions are ubiquitous throughout the entire
garnet crystal with a higher density towards the interior of
the garnet. Generally, - these inclusions have thick-dark
walls which made it difficult to measure the filling tem-
perature and freezing point depression. Type II inclusions
are usually restricted-to the ﬁore zoned margins of the
garnet. Type III inclusions are associated with fractures,
that are extremely common throughout the: entire garnet and
are evidence of repeated and extensive fracturing. Some
secondary-type inclusions are isolated.

Microthermomety For Fluid Inclusions in Garnet

Homogenization and freezing temperatures of garnet are
diagramatically illustrated (Figs. 30 to 32). Homogeni-

Zation temperature, salinity, and comments for individual
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B 'rimary fluid inclusions
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fluid inclusions are listed in Appendix II. Salinities for
individual inclusions 1in garnets were obtained from the
freezing point of the liquid. The freezing pointAdaté was
then related to salinities using data from Potter (1978).

Fluid inclusions in garnet filled to a liguid. Homo-
genization‘temperatures of primary fluid inclusions (Type I
fluid inclusions ranged from 170°C to 435°C with a majo;ity
of the inclusions in the range of 205°¢C to 325°¢ (Figs. 30
and 31). Secondary-type fluid inclusions, (Type III) had
low filling temperatures ranging from 145°C to 265°C (Type
IIIb) or had higher filling temperatures around 330°¢C (Type
IITa) {(Figs.- 30 and 31). The lower filling temperature
inclusions were the most common. The Thigher filling
temperature group may represent another period of fracturing
maybe at a later time associated with ore mineralization.

Distinction between primary and secondary fluid inclu-
sions was difficult. Fluid inclusions éf similar appearance
to secondary fluid inclusions (Type IITb) occurred in groups
of between 25 to 100 inclusions and appeared unrelated to a
fracture (Fig. 22.14). These groups of inclusions had low
filling temperatures, on the order of 150°Cc  to 220°C, and

similar salinities. Possibly, thev occurred on a flat-lying

fracture plane and therefore would be interpreted as
secondary. Because these fluid inclusions all had similar
low filling temperatures, similar salinities, and looked

similar to other secondary-type fluid inclusions, they were

determined to be secondary.
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Two -fluid inclusions thad vapor>liquid and homogenized
to the vapor phase at 452°C and 410°C and had salinities of
9.0 and 7.5 eq. wt.% NaCl respectively. Theée were the only
vapor-rich fluid inclusions observed in garnet. It is
interesting to note that the two vapor-rich fluid inclusions
in garnet had similar thomogenization temperatures and
salinities as the vapor inclusions that occur in the later
gquartz veins associated with ore mineralization. These two
inclusions occurred together and could represent a secondary
fracture that may have been related to the later ore
mineralizing event.’

Many fluid inclusions suitable for heating studv were
not suitable for freezing study because of their small size,
the presence of wide and dark appearing inclusion walls,vror
because the entire 1inclusion was too dark. Most fluid
inclusions froze between -45°C and —GOOC, but all fluid
inclusions were further frozen to approximately -90°c.
Fluid inclusions in garnet samples had freezing temperatures
of -14.0° to - 2.7OC, corresponding to 19.0 to 4.5 eq.
wt.% NaCl (Fig. 32). Most fluid inclusions, that occurrea
On garnet growth planes (Type TI) had freezing temperatures
ranging from -5.5°C to -10.0%% corresponding to salinities
°f 8.5 to 14.0 eqg. wt.% NaCl (Figs. 28.5 and 28.6).

Homogenization temperature vs eq. wt. percent NaCl for
individual fluid inclusions are plotted for the garnet
Samples (Fig. 33). There is indication that lower tempera-

ture filuig inclusions are characterized by higher salinities
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and higher temperature fluid inclusions are characterized by
lower salinities. However, evidence for mixing is uncertain
because there is a large variation of salinities for f£luid
inclusions with similar Thomogenization temperatures and
there 1is also a wide variation of homogenization
temperatures for fluid inclusions with similar salinities.

General Observations of Fluid Inclusions in Quartz from
Quartz-Bearing Veins

Six different types of primary fluid inclusions were ob-
served from quartz—bearing_veins (Figs. 34 and 35) and
include:

Type I Two phase liquid-vapor fluid 1inclusions with
liquid>vapor that thomogenized to the liquid phase (Figs.
34.21,.34.26, and 34.27).

Type IT Two phase liquid-vapor fluid inclusions with
vapor>liquid that homogenized to the vapor phase (Figs.
34.26, 34.27, and 34.28).

Type III Two phase fluid 1inclusions with variable
Ligquid~ vapor ratios that homogenized <400°C and appeared to
exhibit critical point behavior.

Type IV CO2—rich fluid inclusions with three phases at
room temperature or exhihited 1ligquid CO2 when cooled (Fig.
35).

Type V Three phase liquid~vapor-NaCl salt fluid
inclusions with ligquid>vapor.

Type VI Multiphase liquid-vapor-NaCl salt fluiad

inclusions with potassium chloride, magnetite, hematite, or
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Figure 34. FLUID INCLUSION PHOTOMICROGRAPHS
All fluid inclusions occur in quartz-bearing veins

CLV-H-48 Apatite grain in quartz-magnetite-pyrite-chal-
copyrite vein with liquid rich fluid inclusion.

CLV-H-48 Liquid rich and vapor rich fluid inclusions
occurring together on microscopic scale.

CCF-22 Secondary plane of vapor rich f£iuid inclusions,
most samples had abundant secondary planes containing
vapor-rich inclusions or liguid+salt inclusiouns.

CCF-22 Primary fluid inclusion with vapor bubble (v),
NaCl crystal (s), magnetite (m), and daughter (sulfate?)
()

C-28 A group of fluid inclusions with similar shape and
composition; all the fluid inclusions contain vapor
bubble {v), NaCl crystal (s), KCL{(?) crystal (k), mag-
netite (m) and daughters (4).

C-28 Primary fluid inclusions with vapor bubble (v),
NaCl crystal (s) and magnetite (m); generallv fluid
inclusions that contain a NaCl crystal also have a
magnetite daughter mineral present.

CLV-H-48 Various types of fluid inclusions occurring
together on a microscopic scale, vapor dominated in-
clusions (v) and liquid dominated inclusions (1).

C-28 Liquid dominated (1) and vapor dominated (v) fluid
inclusions occurring together, generally the vapor
dominated inclusions are of larger size than the liquid
dominated inclusions.

CLV-H-48 Two well defined vapor dominated primary fluid
inclusions.

CLV-H-48 Primary liquid dominated fluid inclusion with
NaCl crystal and shawdows. ,

C-28 Primary fluid inclusion with vapor bubble (v}, NaCl
crystal (s), magnetite (m) and daughter (sulfate?) (4d).
C-28 Several fluid inclusions secondary(?) with similar
form and composition, vapor bubble (v), NaCl crystal (s)
and slightly isotropic daughter mineral (d).

(A1l photomicrographs are taken under plane light)
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Figure 35. FLUID INCLUSION PHOTOMICROGRAPHS
All fluid inclusions occur in quartz-bearing veins
All fluid inclusions are CO?—rich

32.-35. CLV-H-48D Photomicrographs of a CO,-rich fluid
inclusion: (32) at room temperaturé, a dark vapor
bubble (v), and llquld water (lw); (33) frozen at
-64.8°C; (34) at -7.0°C with a liquid CO, phase
(lc& liquid water (1lw), and vapor (v); %35) at
328~C the vapor bubble has decreased in size and

thp fluid inclusion homogenized to a liquid at
336°C.

36. CLV-H-48a Fluid inclusion w1th a CO, liquid phase that
- homogenized tooa liquid at 322°¢C an% the last liquid
melted at +1.47C.

37. CLV-H-48a Fluid inclusions w1th a CO? liquid phase that
homogenized to a liquid at 352°C and“the last liquid
melted at +2.1 Oc.

(A1l photomicrographs are taken under plane light)
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other unidentified daughters sulfates(?) with 1liquid>vapor
(Figs. 34.23 to 34.26, 34.29 to 34.31).

Type III fluid 1inclusions were most common in sample
C-28 and usually were vapor-rich. During heating, the
vapor:liquid ratio remained almost constant and then within
a few degrees the meniscus between the vapor and liquid
phase faded rapidly.

Type IV, C02—rich fluid inclusions are of two types and
were most common in samples CLV-H-48 and CLV-H-48D. One
type has a vapor phase (v) and a liquid phase (1) and were
most common (Figs. 35.32 to 35.35). The other type has a
vapor phase (v) and an aqueous liquid phase (1) and a thin
film of liquid rich C02 (lc¢). Presumably, the first type of’
inclusions did not thave sufficient amounts of C02 present
for a €02 rich 1liguid phase to be present. Both types of
inclusions behaved similarly. Rapid cooling of two ©phase
ligquid (1) and vapor (v) COy-rich fluid inclusions revealed

a thin ring of C02 that condensed to reveal this metastable

assemblage between -10.0°C to -4.0 ©C (Fig. 35.34). The
fluid inclusions froze over a narrow range of temperatures
ranging from -30°C to -35°C. but were further cooled to -90
C. During heating of the fluid inclusions an irregular
interface hetween the wvapor bubble (or the €O, liquid if
Present) was observed. This irregular interface is probabl;
due to the formaﬁion of gas hydrate within the aqueous
solution. From 0.2°C to 7.8°C motion of the gas Dhubble

Within the inclusion occurred on decomposition of the gas
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hydrate at which time the vapor Dbubble returned to normal
size.

Roedder, (1972) and Collins (1979), have observed
similar behavior of fluid inclusions. This Tbehavior is
attributed to the formation of the clathrate compound carbon
dioxide hydrate (C02-5.75 H20) which freezes out prior to
the freezing of thé remaining aqueous solution to ice.

Identification and determination of a C02 phase and/or
the presence of othér gases 1s not possible by cooling and
heating procedures. Gas analyses were not performed on
these inclusidns and therefore the behavior of these £f1luid
inclusions can only be interpreted as containing amounts of
C02 gas.

Both Type V and Type VI fluid inclusions that contained
a NaCl crystal occurred in all samples. Disappearance of
the NaCl crystal occurred both before and after the
homogenization of the fluid inclusion. Fluid inclusions in
which the vapor bubble homogenized before the disappearance
of the NaCl crystal had a greater halite:vapor ratio as
compared to those inclusions in which the WNaCl crystal
disappeared before the homogenization of the vapor bubble.
Possible reasons for the persistence of halite above the
filling temperature are necking down of inclusions,
(Roedder, 1972); trapping solid NWaCl; the need of a large
Pressure correction, or may be expiained by the trapping of

high salinity 1inclusions at high pressures (Erwood and

Others, 1979).
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Potassium chloride, magnetite, and hematite usually
occur in high salinity-type fluid inclusions that have a
NaCl crystal. KCl occurred 1in  some Type VI fluid
inclusions, however, accurate measurements were difficult
because of poor visibility and because of other daughter
minerals present (Figs. 34.24 and 34.25). Magnetite was the
most common daughter mineral in Type VI fluid inclusions and
was identified by its color, euhedral form, and magnetitic
properties (Figs. 34.24, 35.25, and 35.30). Less commonly,
Type VI fluid inclusions had a red, slightly opaque mineral,
presumably hematite. Neither magnetite nor Thematite dis-
solved at the filling temperature.

Some fluid inclusions had a small, cubic, birefringent
daughter mineral (Fig. 34.24, 34.25, 34.26, and 34.30) or a
small, elongated, birefringent daughter mineral (Fig. 34.23)
that did not change during heating or freezing. >Possibly,
this is a sulfate mineral.

Microthermometry of Fluid Inclusions from Quartz-Bearing

Veins

Homogenization temperatures and salinities for fluid
inclusions from quartz-bearing véins are diagramatically
illustrated (Fig. 36 and 37). Homogenization temperatures,
salinities, an comments for individual fluid inclusions are
listed in Appendix II. Salinities of fluid inclusions in
quartz—bearing. veins were obtained both from relating
freezing point data to salinities using data from Potter

(1978) and by determining the temperature of halite



3 CLV-H-48D
8
T
6+
5-—
J  m g
3t © ¢
rFluid Inclusion Types 2l o] oo &
. . . Olo} |-
Liguid dominated I+ o] -
g e 0] ; QIO e 0 ey R IR G o 0% S E]
[J vapor dominated S I55 195 235 275 315 355 395 435 475 415
Liguid dominated
G secondary
7] Vapor dominated IBT
secondary 16 L ClLv-K-48
Bl niquid + Nacl 4l
Fg Liguid + NacCl : 2+ . =
secondary 10+
CO, liquid phase 84 ]
. . 6+
Critical point
behavior T
2t S[-] s b
’ o 200 240 280 320 360 400440 480 520 560 600
Yiure 36, Homogenization
tomoeratures for fluid
trclusions in quartz -+ 14
fagnetite + sulfide veins. T ) c-28
24 2
o
104 o
84
6 -
a =
4 o
2__ [s]
beje |o 217
it 3388 ;! Irfﬂ i [r1717
220 260 300 340 380 420 460 500 540 580620
5 -
[ [od 5]
o, ?
( 1 ] CCF-22 )
4 0 -
y ?
54 s -
als )
3% ¥
8 ?
sl ‘:-ao a: 4
R ,
14 ]
b sl ?
s O A B REY R i

: o R S —
190 230 270 RO 350 390 430 470 50 550 530



INCLUSIONS

NUMBER OF

EEA (75)

=

Vapor-dominated

Jfluid inclusions
Liguid-dominated
#fluid inclusions

]

-
—-—

CLV-H-48D

17

2N

Oy

]

R S B X% B P B ORI SRR« AR AR Dl

S BT T T R Y B AN [ A R SRS

Fig.37Equivalent wt.% NaCl for individual fluid inclusions
in guartz-bearing veins.



(76)
disappearance and relating this temperature to salinity data
from Keevil (1942).

Homogenization temperatures vary from 115°C to >600°C.
However, different types of inclusions exhibit a narrower
range of filling temperatures (Fig. 36). Fluid inclusions
are grouped into the same types as discussed earlier.

Type I Liquid-vapor fluid inclusions with liquid»vapor
homogenize to a liquid between 190°c  and 513°cC. Freezing
temperatures ranged from -24.0% to -0.9%C corresponding to
salinities of 25.0 to 1.5 egq. wt. % NaCl. The presence of
Co, in some of these fluid inclusions is not clear because
identification of CO2 and salinity measurements were diffi-
cult to obtain because of poor visiblity.

Type II Liquid-vapor fluid inclusions with vaporﬁliquid
homogenize to a vavor between 240°C and »>600°C. A majority
of these inclusions have filling temperatures ranging from
400°¢ to 460°C. Generally, Type II fluid inclusions have
higher £filling temperatures than Type 1 inclusions.
Freezing temperatures are generally higher in Type II fluid
inclusions when compared to Type I inclusions and range from
-9.0°C to -3.69C corresponding to salinities of 12.8 to 5.4
eg. wt. % NaCl.

Type TII Fluid inclusions appeared to have critical
points of the supercritical fluids ranging from 394°C to
430°C. Three secondary fluid inclusions had critical points
betweeh 459OC and 504°Cc. All fluid inclusions that appeared

to exhibit critical point behavior had =~ vapor>liquid.
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Freezing temperatures were very difficult to obtain for
these kinds of 1inclusions; however, the most reliable
measurement was made on a fluid inclusion that had a
critical point of 403°C and a freezing temperature of -6.2°C
corresponding to a salinity of 9.4 eq. wt.% NaCl. The high
salinities of these fluid 1inclusions suggests that they
provably only approached critical point behavior. Data
from Sourijan and Kennedy (1962) indicate-a salinity of
2.5 eq. wt.% NaCl for vapor~rich fluid inclusions at 400°C
and a salinity of 4.5 eq. wt.% NaCl for vapor rich fluid
inclusions at 425°¢C. This suggests that the fluid
inclusions from this study probably also contained small
amounts of liquid and were not pure vapor.

Type IV. CO,-rich fluid inclusions homogenized to a
1iquid or a vapor phase. Those fluid inclusions that
homogenized to a vapor phase generally had lower f£illing
temperatures ranging from 115°C  to 120°C than those that
homogenized to a liquid phase and had filling temperatures
ranging from 175°C to 361°C. Freezing temperatures varied
from between approximately 0.0°Cc to +7.8°%C.

Type V and VI NaCl-bearing fluid inclusions homogenized to

a liquid and had filling temperatures ranging from 210°C  to
520°C. The lower homogenization temperatures were most
common in sample CCF-22 (Fig. 37). Salinities were variable
and ranged from 32.5 to 47.0 eq. wt.% NaCl. In some
inclusions the vapor bubble disappeared at a lower

temperature than the NaCl crystal and these fluid inclusions
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had a narrow range of homogenization temperatures from 303°C
to 317°C with the exception of one inclusion that had a
filling temperature of 279°C. Two inclusions in which NaCl
disappeared before homogenization of the vapor bubble also
had another crystalline solid that disappeared approximately
15 degrees before the disappearance of the NaCl. This could
possibly be KC1.

Some fluid inclusions c¢ould not be frozen, usually
these inclusion were fairly small in size and haa a
relatively small vapor bubble.

Eﬁidence of boiling comes from all quartz-bearing
veins. Type I 1inclusions (liquid>vapor) and Type II
inclusions (vapor>liquid) homogenized to the 1liquid and
vapor phase respectively at about the same temperature,
indicating that the trapped fluid was on the liquid-vapor
curve (Figs. 34.21, 34.26, and 34.27). Figure 36 indicates
that liquid-rich and vapor~rich fluid inclusions filled at
245°C and 241°C to a liquid and -vapor respectively. The
presence of C02 in some of the fluid inclusions was not
determined until late 1in the study and whether CO2 was
present in these fluid inclusions is not known. The
Presence of C02 in some of the fluid inclusions would affect
the boiling temperatures and salinites of the inclusions and
also greatly affects the pressure estimatation of the
fluids. Fluid inclusiens that were boiling at approximately
425°C to 450°C with salinities on thé order of 15 eq. wt.$%

NaCl do not indicate that CO, is present. These inclusions
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are used for a pressure estimate.

Pressure Determinations From Fluid Inclusion Data

A fluid of 15.0 eq. wt.% NaCl and a boiling tem-
perature of 425°¢, yvields a pressure of 322 bars using data
from Sourijan and Kennedy (1962). Extrapolation of boiling
point curves from Haas (1971) yields a pressure estimate of
315 bars which is in close agreement to the data from

Sourijan and Kennedy (Table III).

Table III. Pressure Estimates

| Temperature Salinity Pressure (bars)
lof boiling (eq.wt. % NaCl)
|

425°¢. 15.0 322 (Sourijan and
: Kennedy, 1962)

I
I
|
|
| 425°¢C 15.0 315 (Haas, 1971)
|

|

Temperature Correction for Fluid Inclusions

Temperature corrections for fluid inélusion homo-
genization temperatures in garnet can be estimated from the
data of Potter (1977) providing pressure, salinity and
homogenization temperature of the fluid inclusion is known.

The pressures during skarn formation can be assummed to
be similar to those during ore mineralization. or be
estimated by reconstructing the overburden of sediments

above the 1intrusion during skarn and ore mineralization.

The following evidence suggests that pressures during skarn

formation approached hydrostatic conditions: a) the shallow
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depth of the intrusion, b) skarn formation greatly increases
permeability allowing more open channels to the surface, c)
the formation of garnet requires that the Cbz pressures not
be high and therefore suggests that C02 must have had a way
to escape from the system, and, d) the numerous fractures
and faults present of which many probably connected to the
surface.

Applying the pressure estimate Jdetermined from fluid
inclusions from quartz-bearing veins to fluid inclusions in
garnet yields a temperature correction of approximately 30°C
for filling temperatures of 265°C and a temperature
correction of 45°C for £illing temperatures of 170°C in
garnet. 1If the system was not open to the surface during
garnet skarn formation pressures would be approximately
three times higher or.approximately 900 bars. Nine hundred
bars pressure yields a temperature correction of 85°C for
most fluid inclusions 1in garnet. Therefore, depending on
the geologic conditions during skarn formation the tempera-
ture correction for fluid inclusions from garnet is between
30°C to 85%C. Because, the system probably more closely
approached hydrostatic conditions a temperaﬁure corredétion
on the order of 30°C to 45° for filling temperatures of
fluid inclusions in garnet is reasonable.

Forrester (1972) has determined from drill core data
and.stratigraphic relations that the maximum pressure at the
base of the El Paso Limestone was approximately 300 bars and

approximately 100 bars if water-filled fractures existed
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open to the surface.

Relationship Between Fluid Inclusions From Garnet And
Fluid Inclusions From Quartz-Bearing Veins

Fluid inclusions from earlier skarn formation differ in
composition, salinity, and temperature from fluid inclusions
in later quartz-bearing veins. Most fluid inclusions from
garnet have lower homogenization temperatures and salinities
than fluid inclusions from quartz-bearning veins. Also,
fluid inclusions from quartz-bearing veins commonly contain
magnetite, whereas magnetite 1is not present in any of the
fluid inclusions from garnet.

The differences in composition, homogenization tempera-
tures, and salinities of fluid inclusions from garnet and
from quartz—bearing veins suggests that the fluid inclusions
are filled with fluids from differing origins. An
alternative possibility is that the same fluid may have been
responsible for both earlier skarn formation and later ore

mineralization but the fluid changed composition with time.
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REE Analyses

Introduction

The REE (Rare Earth Elements) comprise elements with
atomic numbers 57-71 and include the elements from La to Lu
in Group IIIA of the Periodic Table. The REE group exhibits
a decrease in ionic radius from 1.02 (La) to 0.85A (Lu) and
are usually octahedrally coordinated. The REE generally
have a plus three valence state; Thowever, some of the REE
also have charges of plus two (Sm, Eu, ¥Yb) or plus four (Ce,
Pr, Th) (Felsche, 1970). 1In general the REE have a similar
chemistry so that whenever one REE appears the others also
occur. Therefore, the chemical separation within the REE
group generally occurs as a smooth function of atomic
number.

The partitioning of REE is a function of temperature,
pressure, and composition of the phases. The partioning of
REE into one of two phases has been extensively studied in
igneous processes‘ for crystal/melt systems. However, the
partioning of REE between crystal/aqueous fluid has not been
well studied. The effects of other components 1in the
aqueous fluid such as fluorine, chlorine, and CO, may
greatly affect the partioning of the REE between the aqueous
fluid/crystal. Presently, data -is not available for
modeling studies in hydrothermal systems.

A major problem in the correct interpretation of REE
distribution patterns 1lies in the understanding of their

Mobility. Recent studies have led to the view that the REE
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can be mobile in the presence of a fluid phase (Mitchell and
Brunfelt, 1975; Martin and others, 1978). It has been sug-
gested that enchanced mobility of the REE can be céused by
the presence of a Coz—rich fluid during metamorphi sm
(Wendlandt and Harrison, 1979; Hynes, 1980).

Sample Preparation and Chemical Analyses

About 50 mg. of crushed sample was subjected to
(Instrumental Neutron Activation Analysis) to determine

their REE concentrations. Forty-eight whole rock samples

were analvzed. In addition, REE concentrations were deter-
mined on six garnet samples. Garnet samples were Thand-
picked, isolated Dby heavy mineral separation, checked

optically and by x-ray diffractometry.
RESULTS

Appendix IV lists the REE concentrations and chondrite
normalized values for each sample and Appendix V lists the
concentrations of other trace elements for each sample. REE
concentrations for each sample are plotted on standard
chondrite normalized plots {Figs. 38 to b51). Each figure
shows the REE patterns of samples from a particular
formation and wusually includes an unaltered sample, a
thermally altered sample and a metasomatically altered
sample from the Continental orebodv. In some instances a
complete suite of samples was not available. An attempt was
made to collect more than one group of samples in formations
in which the lithology varied. Whén there is no point for a

Particular REE this means that that particular REE has no
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determined value and is extrapolated.

The REE concentrations and fractionation pattern of
each sample is directly related to the minéralogy‘of the
sample. Appendix I gives a complete mineralogical descrip-
tion of each sample analyzed.

REE Geochemistry Of The Limestones

The REE patterns of all the limestones show increases
in absolute REE concentrations and an enrichment in the LREE
(light REE) from the-least to the most altered limestones.
All the unaltered limestone samples are characterized by low
absolute concentrations of REE and positive Eu anomalies
(Figs. 38-40).

The skarns of the Oswaldo Formation have higher
absolute REE concentrations and show an enrichment in the
LREE relative to the unaltered limestone (Fig. 38). Both
skarn samples have small negative Eu anomalies.

Both skarn and unaltered limestone of the Lower Blue
Limestone are characterized by 1REE enrichment and positive
Eu anomalies (Fig. 39). The two altered samples have higher
absolute REE concentrations with the more altered sample
having the Thighest absolute éoncentration of REE. Both
Sémples have REE patterns similar to the garnets (Fig. 42).

The Hanover Limestone 1is the principal ore-bearing
formation. Similar to the other limestones, the skarn has
the highest absolute concentration - of REE, the
Fecrystallized limestone has intermediate REE concentrations

.and  the unaltered limestone Thas low absolute REE
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concentrations (Fig. 40). The recrystallized sample differs
from the other samples by having a negative Eu anomaly.

REE Geochemistry Of The Shaly Limestones

Two metasomatized samples from the Syrena Formation
have REE patterns characterized by 1REE enrichment, high
absolute concentrations of REE and negative Eu anomalies
(Fig. 41). The most altered .sample has the greatest
absolute coﬁcentration of REE. A garnet skarn band from the
Syrena Formation has a REE pattern similar to the garnets
(Fig. 42).

REE Geochemistrv Of Garnet

Six garnet separates were analyzed (Fig. 42). The REE
patterns of all the garnet samples are similar and charac-
terized by an enrichment in 1REE, very low concentrations of
hREE, show a positive Eu anomaly, and may show a positive Ce
anomaly.

The garnets have a REE fractionation pattern similar to
the limestones they replaced with the major difference being
the highe; absolute REE concentrations of the garnets.

REE Geochemistry Of The Dolomites

The REE patterns for the unaltered, recrystallized,
and the metasomatized Montova and Fusselman Dolomite are all
similar {(Fig. 43). All samples are characterized by low
absolute REE concentrations; positive Eu anomalies; and a
pPositive or no Ce anomaly which may be analytical error.
Four of the samples show no values for Sm. This is because

the Sm wvalues for these samples was interpreted to be
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analytical error. The Sm values for these samples are shown
in Appendix'VII.

The unaltered dolomite is characterized by low ‘absolute
REE concentrations similar to the unaltered limestone
samples. Similar low absolute REE concentrations have been
determined on carbonate rocks in others étudies (Haskin and
Gehl, 1962; Haskin and others, 1966; Balaschov and others,
1964; Ronov and others, 1967, 1972, 1974).

Metasomaticallv altered samples (CM4, CMA5, CD10O) are
very similar mineralogically and comprised of primarily
carbonate (95%) and altered forsterite (5%). Sample (CDM11)
differs in that it is mineralized and comprised of approxi-
mately equal amounts of forsterite, phlogopite-actinolite-—
tremolite, carbonate and clays, and magnetite and sulfides.
All four samples have similar REE patterns despite
differences in mineralogy.

The metasomatically altered sample from the E1 Paso
Limestone has a much higher absolute REE concentration than
the unaltered sample and shows an enrichment in thé LREE
(Fig. 44). The skarn sample is characterized by a negative
Eu anomaly and the unaltered sample by a positive Eu
anomaly. The unaltered sample ha; a REE fraction pattern
that is similar to the fréctionation patterns of the other
Unaltered carbonate rocks. However, the absolute REE con-

Centration of the unaltered El Paso Limestone is higher than

mMost of the other carbonate rocks.
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REE Geochemistry 0Of The Shales

REE patterns of Asamples from the Ready Pay Member of
the Percha Shale indicate that thé REE concentrations of the
shales have not changed significantly from the unaltered to
the most altered samples (Fig. 45). All samples are charac-
terized by 1REE enrichment and a negative Eu anomaly. Both
unaltered and partially recrystallized samples Thave REE
paﬁterns similar to North American Shales (NAS). (Fig. 46).
The altered sample has a slightly greater absolute REE
concentration, a smaller negative Eu anomaly, and slightly
higher hREE concentrations than the less altered samples.

The REE patterns of the Augen Member (Box Member) of
the Percha Shale (Fig. 47) are similar to that of the Ready
Pay Member (Fig. 45) with the exception of the unaltered
Augen Member sample.l It has a REE fractionation pattern
similar to the REE patterns of the wunaltered carbonate
rocks. The unaltered and recrystallized samples have REE
patterns similar to NAS (Fig. 46).

The metasomatically altered samples from both the Augen
Member (Fig. 47) and Ready Pay Member (Fig. 45) of the
Percha Shale have no Eu anomaly and a very small Eu anomaly
respectively.

A hornfels sample of the Parting Shale (Fig. 48) has a
REE pattern that is flatter with a smaller concentration of
1REE and a greater concentration of hREE as compared to the

shale samples from the Percha Shale and NAS.
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REE Geochemistry Of The Bliss Quartzite And The Beartooth

Quartzite

The Bliss Quartzite shows an increase iﬁ absolu£e REE
concentrations, especially 1in the 1REE from the 1least
altered quartzites to the most altered quartzite {(Fig. 49).
The REE patterns of the least altered quartzites are
probably related to the REE concentrated in the hematite,
chlorite, carbonate and clays that occur in both samples
(Appendix I). Values for Sm and Th are extrapoliated for
sample CBQl because the values reported are interpreted as
being in error (Appendix VI1).
| One sample of the Beartooth Quartzite from the
Continental orebody, was analvzed. The REE pattern is
characterized by a low absolute REF concentration and a
positive Eu anomaly. In thin section, this sample is 95%
quartzite with 5% clays. The low absolute REE concentration
probably reflects the relativeiy pure composition of this
sample and suggests that it has not been greatly affected by
the Hanover~Fierro intrusive. ’

REE Geochemistry of the Abo and Colorado Formations

A hornfels sample of the Abo Formation has a REE
Pattern characterized by 1REE enrichment, relétively high
absolute concentrations of REE and no Eu anomaly (Fig. 50).
A hornfels sample from the Colorado Formation has a 1REE
enriched pattern and no Eu anomaly. A quartz + chalcopyrite
* chalcocite vein from the Colorado Formation and has a 1REE

enriched pattern with a significant drop in the interval of
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La to Ce and a very small positive Eu anomaly.

REE Geochemistry oOf Altered Granodioritic Dikes, Felsite

Dike and Diorite Sills

Four intrusive samples have similar REFE patterns and are
characterized by enrichment in IREE and positive Eu
anomalies (Fig. 51) despite differences 1in their mineral-
ogies (Appendix 1I). Two granodiorite dikes have been
altered to pPredominantly garnet. The other two samples are
a propyllitically altered felsite dike ang a propyllitically
altered diorite sill. The REE fractionation patterns of all
four samples are similar to the REE fractionation bPatterns
of the garnets (Fig. 42).

REE Geochemistry Of The Granodioritic Hanover-Fierro

Intrusive

The REE patterns of the unaltered granodiorite ang the
altered granodiorite of the Hanover-Fierro stock are char-
acterized by 1REE enrichment and a negative‘Eu anomaly (Fig.
52). The altereqd granodiorite is more depleted in the hREF
and has a smaller absolute REE concentration than the
unalterea sample. This is the only sample in which the
altered rock shows a depletion in absolute REE

M

Concentration.
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DISCUSSION
Skarn Mineralization at the Continental Mine

Metamorphic reactions have been determined for car-
bonate and quartz-bearing carbonate rocks (Bowen, 1940;
Turner, 1968; Metz and Trommsdorf, 1968), However, the
experimental work does not account for higﬁ water/ rock
ratios or the presence of salts especially NaCl that mav be
present in the fluids which may affect these reactioné.
Therefore, metamorphic reactions arelnot used in this study.

The formation of large quantities of andradite garnet
required the addition of Fe and Si. Mg, Al, Cu, %n, S, F,
and H20 were also added to the sedimentary rocks.

The Fe could not have come from the limestone as no
significant iron-bearing minerals are present in the
uﬁaltered rocks. Formations that could contribute Fe such
as Percha Shale are altered to Fe-bearing assemblages such
as biotite and clinopyroxene. Forrester (1972) suggests
that the Fe originated from the Hanover-Fierro stock because
xenoliths in the Hanover-Fierro granodiorite are strongly
repaced by magnetite and because the contact of the pluton
is marked by fine-grained magnetite in both the granodiorite
and country rock. This is not conclusive evidence that the
Fe originated from the intrusive because you could also get
Fe deposited at the contact of the intrusive by fluids
coming inward toward the cooling intrusive.

The addition of silica was necessary to form garnet.
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Some of the silica may have been derived from the siliceous
horizons in the dolomite, chert nodules in the 1limestones
and from the Bliss and Beartooth Quartzites. However, this
can not account for all the silica necessary to form the
garnet. The formation of forsterite in the lower dolomitic
formations probably did not require the addition of silica.
Chert associated with the dolomite could Thave .been the
source of the silica. Forrester (1972) suggests that the Si
was derived from the Hanover-Fierro intrusive because of the
silicification of the granodiorite along major faults such
1s the Barringer Fault.

A mass-volume calculation indicated that the water
:volved from the cooling Hanover-Fierro intrusive is less
han the amount necessary to transport the silica required
:0 form the skarn (Appendix VIII). A problem with this
‘alculation is that the volume of the intrusive can only be
:stimated because its extent at depth is not well known.
chmitt (1939) decided ‘that the Hanover-Fierro pluton was
00 small to supply the amount of Fe and Si necessary to
erm the skarn deposit to the south of the intrusive at the
ewabic mine.

Iron and silica can be transported in Thydrothermal
aters in significant quantities (Barnes, 1979) therefore,
Volved waters (connate and/or meteoric) are possible
Qurces of .Si and Fe.

It can not be conclusively determined from this study
e the Fe and Si originated. A magmatic and/or evolved

luid source(s) agree with the data from this study.
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Origin of Skarn and Ore Mineralization in Light of Fluid
Inclusion Evidence

Data from fluid inclusions are not adequate to
determine the source of the fluids responsibie for skarn and
ore mineralization at the Continental orebody. However, the
data do presént constraints for the origin of the fluids.

The differences in fluid composition, homogeniéation
temperatures, and salinities of fluid inclusions in garnet
and in the quartz-bearing veins suggests that the fluid
inclusions are filled with fluids from differing origins.
An alternative possibility is that the same fluid may Thave
been responsible for both skarn formation and later ore

mineralization but the fluid changed composition with time.

Possible Origins Of The Fluids Responsible For Garnet

Formation

Possible origins for the fluids responsible for earlier
garnet formation include: a) heating of saline connate or
meteoric water by the intrusive, or b) heating of lower
salinity meteoric and/or connate water by the intrusive
causing boiling of the fluids which may increase the
salinity, or, «c¢) dilution of high-temperature, magmatic
water with lower-temperature, evolved waters All three
possibilities agree with the fluid inclusion data from this

study.
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Possible Origins Of Fluids Responsible For Quartz-Bearing
Velns

Possible origins of the more saline fluid . charac-
teristic of the quartz-bearing veins are a) saline fluids
derived from the Hanover-Fierro intrusive, b) by boiling of
less saline fluids from the Hanover-Fierro intrusive, or c)
by high temperature solutions of evaporites in meteoric
water. The high temperature, high salinity fluid inclusions
in the later quartz-bearing veins suggests a magmatic origin
for the fluids responsible for ore mineralization. The
writer has examined magmatic fluid inclusions associated
with porphyry copper deposits. These fluid inclusions had
homogenization temperatures and salinities similar to the
fluid inclusions associated with ore mineralization in this
study. The only major difference was that the fluid
inclusions associaﬁed with porphyry copper deposits commonly
had daughter chalcopyrite grains and the fluid inclusions
associated with ore mineralization from this study commonly

had daughter magnetite grains.
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Suggested Origin of the Fluids Responsible for Skarn and
Ore Mineralization

The Hanover-Fierro intrusive is considered .to be a
composite pluton (Spencer and Paige, 1935; Jones and others,
1967 rig. 53). The southern equigranular facies intruded

first and the porphyritic facies that occurs at the

Continental ore deposit intruded into the earlier
equigranular facies. The earlier intrusive may have been
responsible for most of the skarn formation. This earlier

intrusive is south ang further from the Continental ore
deposit than the later intrusive and the fluids would _have
had time to cool and mixing with meteoric and/or connate
waters would have been likely. The second intrusion woulqd
provide a mechanism for the later increase in temperature
and probably was the source of the ore mineralizing fluids
that are characterized by higher temperature and higher
salinity fluids, Mixing with meteoric and/or connate waters
at a later time‘ may explain some of the lower temperature
and lower salinity fluid inclusions in the quartz-bearing
veins. Some secondary fractures in garnets are filled with
higher temperature inclusions which may be related to
filling of fractures during this later higher tempe;ature
°re mineralization event.

As mentioned earlier, garnet formation mav be related
to heated saline or heating of low salinity meteoric and/or
Sonnate waters causing boiling of the fluids. Fluid
inclusions data is not abie to conclusively determine the

Origin of the fluids responsible for skarn formation.
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REE GEOCHEMISTRY

REE Geochemisty Of The Limestones and Shaly Limestones

The REE patterns of the limestones and shaly limestones
exhibit increases in absolute REE concentrations and show an
enrichment in the 1REE, from the  unaltered samples to the
most altered samples. The 1initially low absolute REE con-
centrations of the unaltered limestones suggests that the
REE were added to the thermally altered and the
metasomatically altered rocks.

The enrichmen£ in 1REE may a) reflect 1REE enrichment
of the source, or, b) may be caused by the REE partition
coefficients of the skarn minerals that replaced the
limestones e.g the minerals tend to partition the 1REE
relative to the hREE, or, c) be due to 1REE fractionation
caused by remobilization processes.

The positi&e Eu anomaly characteristic of all the
unaltered limestones ‘from this study 1is generally not
present in pure limestone (Fig. 52) and is not caused by
feldspar since it is not observed in thin section. Clay
minerals present in the limestone may cause a positive Eu
anomaly (Cullers and others:! 1975) and since Fe-oxides and
clay minerals are observed in thin section, this can explain
the positive Eu anomaly.

The thermally altered Hanover limestone is the only
limestone sample that has a significant negative Eu anomaly.
In thin section, this sample is essentially pure 1limestone

(marble). Limestones analyzed from other studies may have
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negative Eu anomalies (Fig. 52).

Most limestones that have been replaced by garnet skarn
have similar REE fractionation patterns to the garnets (Fig.
42). This suggests that garnet may be controlling the REERE
patterns of these rocks. Two garnet skarns (cosis, C0819)
have the same 1REE enrichment and hREE depletion as the
garnet but do not have the positive Eu anomaly. The lack of
a positive Eu anomaly may be due to sonme differences in the
mineralogies of these garnet skarns.

The metasomatically altered, shaly llmestone (CSY127)
from the Syrena Formation has extreme 1REE enrichment. ‘This
sample has significant apatite and since apatite tends to
concentrate the REE, especially the 1REE, (Towell and
others, 1965; Haskin and Frey, 1966) the apatite in the rock
can explain the extreme 1REE enrichment.

REE Geochemistry Of The Garnet

The REE fractionation patterns- of the garnets are
similar to the REE fractionation patterns of the limestones,
With the garnets having a greater absolute REE concentra-
tion. The REE fractionation pattern of the garnet may be
influenced by the REE fractionation pattern of the limestone
they replaced. The positive Eg anomaly of all the garnet
Samples may be due to the positive Eu anomaly of the
original carbonate rocks that they replaced. The
relationship between the REE patterns of the llmestone and
garnet depend upon the REE partition coefficients between the

2Queous fluid/garnet.
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The REE fractionation patterns of the garnets from this
study differ markedly from the REE fractionation patterns
from other studies (Frey and Haskin, 1964; Schnetzler and
Philpolts, 1968, 1970; Schmizu and Kushiro, 1973; Irving and
Frey, 1976, 1978; and Mysen, 1978) which indicate that the
hREE tend to partition into the garnet relative to the 1REE
Garnets analyzed from most other studies are pyrope-
almandine in composition and formed under high temperature
and pressure conditions. The garnets from this study are
grossularite-andradite in composition and formed under low
pressure and temperature conditions by the replacement of
carbonate rocks. In addition, the hREE enrichment
characteristic of garnet from other studies reflects the
partition coefficient of the REE bhetween garnet/silicate
melt. This 1is not applicable to this study because
partition coefficients between garnet/aqueous fluid are
needed to understand the partitioning of the REE into
garnet.

REE Geochemistry Of The Dolomites

The Montoya-Fussleman Dolomite does not show any major
changes in absolute or relative REE concentrations over the
entire range of samples. Unaltered, thermally altered, and
metasomatized samples all Thave similar low absolute REE
concentrations and similar REE fractionation patterns.

The unaltered and the thermally altered_ samples are
Predominantly carbonate and a low absolute REE concentration

is expected. However, the metasomatically altered samples
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also have low absolute REE concentrations. Magnesian skarn
that replaced dolomite differs mineralogically from the
skarn that replaced the limestones. Garnet usually éoes not
Ooccur in magnesian skarn. This study suggests that in the
garnet skarn, the garnets and other Ca-bearing minerals tend
to concentrate the REE, especially the JLREE. The lack of
Ca-bearing minerals in the magnesian skarn may explain the
lack of increase in the REE in the metasomatically altered
samples.

Skarn minerals that replaced the dolomites may have
small partition coefficients for the REE and therefore  not
accept the REE. Three of the metasomatically altered
dolomites are forsterite-marble skarns. Carbonate as
determined from this study has low absolute REE
concentrations. Forsterite and magnetite have small
partition coefficients (~ 0) for silicate melt/mineral.
Similar behavior of the REE between forsterite/aqueous fluid
and magnetite/aqueous fluid may occur. If this is true, the
magnesian skarn would not accept REE which could result in
REE concentrations and bPatterns similar to the dolomite. A
sample of magnesian sk@rn, has a complex mineral assemblage
Wwith actinolite, phlogopite, wollastonite, magnetite ang
Sulfides in addition to forsterite and carbonate. Despite
differences in mineralogy, all the samples have similar
absolute REE concentrations and REE fractionation patterns.
This suggests that the skarn minerals that replaced the

dolomites were not REE ‘acceptors. Another possibility is
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that the aqueous fluid that interacted with the dolomites
had a very low absolute REE concentration and therefore
could not donate significant amounts of REE. The problem
with this second possiblity is that it suggests that the
aqueous fluid that interacted with the dolomites differed in
composition from the fluigd that interacted with the
limestones, shaly limestones and quartzites. |

The REE patterns of the El1 Paso Limestone indicate an
increase in the absolute concentration of REE with a 1REE
enrichment from the unaltered to the metasomatized sample.
The metasomatically altered sample was collected in close
proximity to the Barringer Fault which served as a major
channelway for the mineralizing fluids. The REE concen-~
trations of this sample provides information on the REE
composition of the mineralizing fluids that moved along the
fault. The increase in absolute REE concentration and the
1REE enrichment in the altered sample as compared to the
unaltered sample suggests that the fluid was transporting
REE and possibly was preferentially enriched in the 1REE.

REE Geochemistry Of The Shales

Except for PSA41, the unaltered shales, recrystallized
shales, and the Thornfels .all have similar absolute REE
concentrétions and similar REE patterns. The similar REE
patterns of these samples indicates that metamorphism thas
little influence on the abundances and fractionation of the
REE in the shales. Other studies have similar results

(Haskin and others, 1968).
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The similarity in REE fractionation patterns between
most of these samples may be explained by the lack of
introduction of new elements into these rocks during
alteration. Most of the hornfels formed by reconstitution
of Previously existing elements and therefore REE may not
have been subtracted or addeqd,

The Augen Member of the Percha Shale 1is a shale with
limestone nodules when unaltered. Samples collected varied
in their shale:carbonate ratio. The samples that were
mostly shale thave a REE pattern similar to NAS and the
shales of the Ready Pay Member of the Percha Shale.

The unaltered sample of the Percha Shale (Psa41) isg
Predominately carbonate with some shale. The REE battern of
this sample differs from the REE patterns of the other Augen
samples and has a REE fractionation pattern similar to the
carbonate rocks.

Garnet is present in the Thornfels sample of the Augen
Member of the ‘Percha Shale. In thfn section, the garnet 1is
replacing areas of limestone which probably represent the
limestone nodules in the shale. The presence of garnet
Seems to be influencing the REE pattern of this rock causing
an  increase in Eu concentration ang deviation fron the
recrystallizegd Augen samples.

The Pariing Shale hornfels has no 1REE enrichment

unlike the hornfeils samples from the Percha Shale. This 1isg

which is not understood.
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From a structural viewpoint, the shale horizons are
relatively impermeable as compared to the carbonate_ rocks
and perhaps less interaction with an aqueous fluid occurred
and REE were not added or subtracted from ' the original
rocks.

REE Geochemistry Of The Bliss Quartzite And The Beartooth
Quartzite

The accessory minerals and clays are probably respon-
sible for the REE Patterns of the the Bliss Quartzite. The
metasomatically altered, magnetite-rich sample has a higher
absolute REE concentration and a greater J]1REE enrichment
than the less altered samples. This suggests that the REFR
were introduced into the altered Bliss Quartzite.

The low absolute REE concentrations of ﬁhe Beartooth
Quartzite suggests that this formation has not been greatly
affected by metasomatism. The positive Eu anomaly could be
due to small amounts of Cclays that are present. Some clays
isoléted from shales have REE patterns characterized by a
positive Eu anomaly (Cullers and others, 1975).

REE Geochemisty Of The Abo And Colorado Formation

A hornfels sample from the Abo Formation thas a high
absolute REE concentration with an enrichment in the ?lREE.
Unaltered, this sample 1is a shale and may have had a REE
pPattern similar to shales from this study and shales from
other studieé (Fig. 52). The hornfels sample shows an

increase in absolute REE concentrations with an enrichment

in the 1REE. This enrichment may . be explained by the
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presence of apatite, fluorite, andg (zircon?) that occur in
the numerous veins that cut the hornfels.

A hornfels sample from the Colorado Formation has a REE
pattern characterized by 1REE enrichment and no Eu anomaly.
Unaltered, this sample is also a shale. The REE pattern of
the hornfels sample 1is similar to shale but differs in
having no negative Ey anomaly. The lack of a negative En
anomaly is probably explaiﬁable by the mineralogy of the
sample (Appendix 1) which is not clearly understood.

The sulfide vein (CCV23) from the Colorado Formation
has a REE pattern characterized by having a significant drop
in the interval La-Ce and a small positive Eu anomaly. The
REE pattern of this sample is not explainable since there is
no information on the partitioning of REE between aqueous
fluid/ore mineratl.

REE Geochemistry Of The Altered Dikes, Felsite Dike and
Diorite Si11

Granodiorite dikes altered to predominantly garnet have
REE fractionation patterns that are similar to the REE
fractionation patterns of the garnets suggesting that the
darnets are the major REE acceptors., A propyllitically-
altered diorite sill ang felsite dike have REE patterns
similar to the garnetiferous dikes despite major differences
in mineralogies.

Both the garnetiferous dikes and the propylliticélly
altered sill and dike have positive Eu anomalies. The

darnet present in the two garnetiferous samples is probably



(119)

responsible for the positive Eu anomaly. The presence of
orthoclase may explain the positive Eu anomaly in the two
propyllitically-altered samples. However, unaltered grano-
diorite has a REE pattern characterized by 1REE enrichment
and a negative Eu anomaly (Haskin and Pasters, 1969) that is
similar to the unaltered grancdiorite of the Hanover-Fierro
intrusive.

REE Geochemistry Of The Hanover-Fierro Intrusive

The propyllitic-sericitic altered granodiorite and the
unaltered granodiorite Thave similar REE fractionation
patterns suggesting that alterétion has not caused extensive
REE fractionation. However, the decrease 1in the absolute
REE concentrations, especially the hREE from the unaltered
to the altered sample suggests that the REE were subtracted
from the altered sample. Other studies (Mineyev, 1963;
Aleksiyev, 1970; and Eowden and Whitney, 1974) show steep
increases in hREE which have been attributed to interactions
with Thydrothermal fluids either associated with their
formation or as a result of later interactions. These
results differ from this study.

The Hanover-Fierro intrusive is the only example in
this study in which the altered sample shows a decrease in
absolute REE concentration relative to the unaltered sample.
The altered granodiorite has not been metasomatized in the
Continental mine area. This may explain why the grano-
diorite sample does not show an increase 1in absolute REE
concentrations similar to the metasomatized sedimentary

samples. -
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Possibly, the -enrichment in hREE in the wunaltered

sample may be explained by the presence of accessory zircon

which tends to concentrate the hREE and flatten the REE

pattern of the granodiorite.
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REE GEOCHEMISTRY AT THE CONTINENTAL MINE

REE concentrations of the recrystalliged and
metasomatically altered sediments show  two types of
behavior: a) sediments that show no or only a very small
change in REE concentrations such as the dolomites and
shales, D) sediments that show significant increases in the
absolute concentration of REE with an enrichment in the 1REE
such as the limestones, shaly limestonés, and the guartzites
(Fig. 54). The changes in the REE concentrations for this
second group of sediments can be summarized as: REE
concentration of the metasomatically altered §amples > REE
concentrations of the recrystallized samples > REE
concentrations of the unaltered samples.

If the fluid that interacted with the different
sediments was of the same composition, then the sediments
reacted differently to this fluid. Several possiblities can
explain these differences: a) the aqueous fluid did not
interact to the same degree with all the sedimentary rocks,
(hornfels that replaced shale and magnesian skarn that
replaced dolomite did not require the introduction of new
elements and m;y have not reacted to a great extent with any
fluid), b) locally, different fluids may have interacted
with a particular formation, c) dolomites and shales were
not greatly affected by metasomatic processes whereas
limestones, shaly limestones and quartzites were greatly
affected, d) the mineral assemblages that replaced the

limestones tended to partition the REE with respect to the
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Figure :54. REE concentrations of altered and recrystallized
sediments compared to the unaltered sediments. Samples are
normalized to the unaltered sedimentary rock. Each graph
represents a particular formation and shows the relative
change in REE concentratjons with increased alteration.
The limestones, shaly limestones, and quartzites all show
increases in the absolute concentration of REE, especially
the 1REE. The shales and dolomite show very little changes
in concentrations. The composition of the Augen Member of
the Percha Shale made it difficult to sample equivalent
altered recrystallized and unaltered samples and therefore
the graph is difficult to interpret.



oTqaRI/PaZ T Tr3SATI0DT ZEH o uxess o3T3subenl ureys a3T3subew
a1 T3oubeu "UTeYS S3IPUCGILD = -~3BUTRh/PRISiTe LIZAIOm -3auten/paIslTe 6TSC0 .
lWH@MCHOEI@@wmQOH.@ |AM®C.H.QDV @@HWQO..m@ ureys @UH&@CUE uIess 23 T32ubru

—33TI935103 /PaIel e {JdHDe23 T3oUdeu/PaIa3 e 7 THIDw —38UIed,/paIsiTe LTTATD . -jsuTeb/pais3Te SISCO v

pOZTTRWIOU Z§Sd

= . - . g " |c v Q
.« e A 44.% L m Ty %
Py ¥V . o | (@)
AL A v S =
] M L - |3
. O o] h
w m N .
i
ﬂ._. [ ‘w_.. [ =
N B c v u
L]
suo3sawT] osed 1 DUC}SIUWTT IDA0URL 2UO3SATT =aNTd I2mT] “uwrog OpTeMsO
TULOTOP-2TYARW/POZTTTeISATORT LEGT X
uIeys
}TISUDTR-3] TUO]SBT ToM-23 TdoboTyd
~9TqICW~-23 TIDFSIOF /PRI TR TTWUD A
uleys N o1eys ojvIc/sTajuioy
OTYATWL—]3 TADISIO] /POIOITR (TG m POZTITTRISAIODT GELSu 4 /PoeTTTRISAIODT 9¢d *
uIeys (suoysawTT) =218ys o3eTs/sSToiuaoy
DIV~ TIDYSACT /POIDITE GFWD » /PIZTTTEISAIORI QLOVd . /POZTTTPISAIDD bEa ,
, uxeys butxesq-a3 130ubBW sTaFuIoYy sTojuIoy
STYIEU-D3 TADISI03 /PRISITe YD @ /pa1a3Te 108D /poIante 9T-ov-d v /p91e3Te 8T-SdD v
g mesaLns usE
X = . :
veyiy) o w2 YRRE TR
“N b 4 ~ . . w F Y ey ..
- .. XV & 4% ‘
0 . w (” ﬂ
¢ : ;
= = o
WUL ﬂ Srenetr uniTy A w Soans Fraa )
DITWOTOI UBWTSSSNI-BACIUCH 23TZ3Ieny SSsITd &, oTeys eudIag H aTveys eyoasd:
B .
@



(124)
fluid whereas the minerals that replacedq tﬂe dolomites and
formed in the shales did not partition the REE with respect
to the fluid, e) the shales were rather impermeable and
therefore had little interaction with the aqueous fluid(s),
f) secondary Processes may Thave d:astically redistributed
the REE.

REE concentrations and fractionation patterns of the
altered rocks may be related to several sources and/or
processes and include:‘a) the composition of the fluid e.g.
the fluid may have been enriched in the 1REE, b) the
partition coefficients ofvthe REE betweén the fluid and the
minerals that replaced the sediments e.g. the minerals that
replaced the sedimentary rocks tended to partition the 1REE,
c) may be partly governed by REE concentrations of the
original rock, or, d) related to remobilization of the REE
at a later time.

Remobilization of the REE in the presence of CO2-rich
fluids under crustal conditions has been documented by
Wendlandt and Harrison (1979). Hynes (1980) concluded that
usually immobile elements (tri, Y, 2r,) were mobile under
high CO2 levels in the fluid phase during metamorphism. :The
Numerous metasonatic reactions that resulted in the
formation of the skarn assemblages were primarily
decarbonization reactions. The excess CO2 may have greatly
remobilized the REE after they were introduced and/or while

they were being introduced.
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There is much disagreement concerning the differences
in mobility of the various REE. Studies by Balashov and
Sharas’kin (1966), Kasputin, (1966) and Cullers and Medaris
(1970) suggest that the hREE are more mobile than the 1REE.
Other studies, Wendlandt and Harrison (1979), Martin and
others, 1978, and Mitchell and Brunfelt (1975) do not
supportvthis. If the hREE form more stable complexes, then
possibly they would be carried 'in the fluid longer and
therefore the 1REE would more likely precipitate. Also, a
fluid that preferentially partioned the hREE could explain
the lack of increases in the hREE in the altered sedimentary
rocks.

Anomalous fractionations within the REE group such as
the occurrence of Ce, Eu or other REE anomalies may be
caused by a) the presence or absence of mineral(s) in the
altered sediments that preferentially partition a particular
REE, or, b) an effect of rehobilization processes, Or, C)
the REE composition of the fluids that were responsible for

altering the sediments, or, d) analytical error.
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POSSIBLE AND SUGGESTED ORIGINS OF THE REE AT THE CONTINENTAL
OCREDEPOSIT

The addition of REE to the metasomatized and to a
lesser extent the recrystallized limestones, shaly lime-
stones and quartzites occurred in an open system and
requires an available source of REE. The enrichment of 1REE
in the skarn that replaced the limestones and shaly
limestones and the 1REE enrichment of the altered quartzite
suggests that the source may have been enriched in the 1REE.

The carbonates have very low REE concentrations which
suggests that they are not the source. Possibly, a process
which increases the REE concentration in the carbonate rocks
by concentrating REE from a large quanitity of carbonate
rocks into a smaller area of carbonate rocks can occur. It
is not known whether .processes such as this are applicable
to thé REE or how the REE would behave during such a
process. In this study, pure limestones such as the Hanover
Limestone, has been recrystallized to marble and shows
increases in absolute REE concentrations from limestone to
marble, suggesting that REE were added and not subtracted
from the carbonate rocks. This suggests that the carbonate
rocks were not a likely source of the REE.

The shales are a possible source, however, metasomatism
has caused no significant changes or only minor increases in
the REE concentrations of the shales. This suggests that
the shales did not donate REE and if anything, REE were

added.
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The REE concentrations of an aqueous fluid derived
during the late stages of a crystallizing magma are not
known. Balashov and others (1969) discussed generai trends
of increase in REE concentration and relative 1REE enrich-
ment with increasing alkalinity of ﬁhe magma. Nagasawa and
Schnetzler (1971) point out that sometimes the final
products of fractional crystallizétion of magmas have lower
REE concentrations and less 1REE enrichment than
intermediate products of magma differentiation. Condie and
Lo (1971) found similar trends in a differentiated granitic
body in Wyoming. Cullers and others (1976) conclude that
the residue of fractional crystallization is more Si02-rich,
has higher REE concentrations and is more depleted in Eu.

The Hanover-Fierro intrusive is the most likely source
of the REE. The Hanover-Fierro stock is the only example in
which the REE concentrations decreased from the unaltered to
the altered sample which may suggest that the stock lost
REE. However, little changes in the 1REE concentrations are
observed.

The REE concentrations and fractionation of the altered
sediments ma? not characterize the REE concentrations and

fractionation patterns of the source(s).
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Suggested Genetic Model

The skarn deposit at the Continental mine has been
genetically relatea to the intrusion of the‘ Hanover-Fierro
stock, primarily ©because of the spatial zonation of skarn
assemblages around the intrusive. However, the introduction
of meteoric and/or connate water derived from the sedimen-
tary rocks may have had an important effect on the formation
of skarn.

The most probable soﬁrce of the REE 1is the Hanover-
Fierro stock. The REE may have been introduced into the
sediments as aﬁ aqueous fluid phase that evolved during the
late stages of crystallization of the intrusive. This fluid
was probably rich in volatile compounds such as water,
halides, carbonates, and alkalies that tend to accumulate as
residual fluids as these magmas crystallize. The REE
concentration of this residue is unknown and depends upon
the composition and origin of the intrusive. REE present in
this residue could be transported as F, CO5, and SO4
complexes (Beus, 1958; Kosterin, 1959; Bandurkin, 1961;:
Mineyev, 1963:; and Choppin and others, 1963).

It cannot be conclusively determined when the REE were
introduced into the skarn. The REE may have been introduced
during the replacement of the sedimentary rocks by skarn
minerals, or, later during ore mineralization, or, during
hydrothermal alteration or during all of these processes.
REE are greatly concentrated in the garnets and are only

slightly concentrated in the magnetite. However, this may
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be more related to the partitioning of the REE intQ. the
minerals than to the availability of the REE.

During the late stages of crystallization, Fé and Si
derived from the intrusive were introduced into the lower
dolomitic formations and massive magnetite and forsterite
replaced dolomite. Limestone was replaced by skarn
containing garnet, diopside, epidote, wollastonite, and
calcite. Garnet formation was accompanied by a fluid with
salinities fanging from 4.5 to 19.0 eq. wt.% NaCl and
temperatures on the order of 215°C to 435°C and mostly in
the range of 245°C to 345°C. A magmatic origin with
dilution from meteoric and/or connate water is postulated
for the fluids responsible for skarn formation; |

Ore mineralization followed skarn formation. Magnétite
replaced garnet and/or filled open spaces.. Later, pyrite
and chalcopyrite cemented brecciated garnet, replaced
magnetite and garnet and filled open spaces. During ore
mineralization the fluids were boiling with salinities
ranging from 2.0 to 47.0 eq. wt.% NaCl and temperature;
ranging from 220°C to <600°cC. C02—rich fluid inclusions
associated with later ore mineralization suggest the
presence of high CO2 during ore mineralization. A magmatic
origin is postulated for the fluids responsible for ore
mineralization. Skarn formation and ore mineralization
occurred at pressures on the order of 315 to 320 bars.

The fluids responsible for skarn formation differ 1in
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origin from the fluids responsible for later ore minerali-
zation. A mechanism is required to explain the increase in
temperature from earlier skarn formation to later, higher
temperature ore mineralization. The most likely explanation
i1s that the fluids responsible for skarn formation were
derived from the earlier equigranular portion of the
Hanover-~Fierro intrusive (Fig. 55). The equigranular facies
intruded south of the Continental deposit and the fluids
from this intrusive probably would have time to cool and mix
with meteoric and/or connate water. The later Thigher
temperature, higher salinity, fluid inclusions associated
with ore mineralization originated later from the closer
intrusion of the porphyritic facies (Fig. 55). The high
temperatures and salinities and the occurrence of magnetite
in the fluid inclusions agrees with a suggested magmatic
source for the ore mineralizing fluids. Some of the lower
temperature and lower salinity fluid inclusions associated
with mineralization may have formed very late during ore
mineralization and the fluids may have cooled by conduction
Oor by mixing with meteoric or magmatic waters.

Secondarv planes that occur in the garnet are evidence
of repeated fracturihg and Dbrecciation. Some of the
secondary planes are filled with high temperature fluid
inclusions that may have originated during later higher
temperature ore mineralization.

The outward movement of the magmatic fluids containing

Fe, 5i, Mg, Cu, S, (Zn),(Al) and REE and the inward movement
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Summary and Conclusions
Metasomatism has affected the different sedimentary
ormations differently. Dolomites are replaced by magnesian
karn comprised of forsterite, serpentine, magnetite and
esser amounts  of phlogopite and tremolite. Shales are
eplaced by hornfels comprised of quartz, feldspar, biotite,

2

nd clinopyroxene. Shaly limestones have been replaced by
iopside, quartz, feldspar, epidote, and lesser amounts of
arnst.  Limestones are replaced by garnet skarn and garnet-
linopyroxene skarn.

Ore mineralization follow skarn formation and includes

leposition of magnetite followed by deposition of pyrite,

‘halcopyrite and lesser anmounts of sphalerite, bornite,
halcocite and pyrrhotite. Massive magnetite occurs in
orsterite-serpentine skarn and in garnet skarn. In  garnet

ikarn, magnetite replaces garnet and/or fills open spaces
sulfides cement Dbrecciated garnet, replace magnetite and
sarnet, and f£ill open spaces.

Fluid inclusion studies f{rom garnets indicate skarn

. . . . e P f =0

ormation  mostly  in the range of 2457°C to  3457C  but
. : O - O~ - . .

xtending from 2157C to 435°C by flulds with 4.5 to 19.0 eq.

£.% NaCl. An origin by mixing of magnatic and meteoric or

ronnate waters 1s suggested for these fluids.
Later guartz-bearing veins assoctated with ore

. . . . o . i L. N . O
lineralization indicate deposition at 2007C to 26007°C by
luids with 2.0 to 47.0 eq. wt.% NaCl. The presence of both

Siquid-rich and  vapor-rich  fluid inclusions suggest that
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these fluids were botling. VPressurs 15 estimated to be on

25 Dars. A magratlic source  is

w

the order of 215 to

poestulated for these Fluids with possible late contributions

from a meteoric roconnabte source.

Primary fluid inclusions in garnets and  from  later

quartz-bearing veins are f£illed with fluids that differ in

composition, temperature, and salinity. This suggests that
different fluids were responsible for earlier skarn
formaticon and later ore mineralization.

REE were added to the vrvecry

u
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nd metasoma-

ally altered limestones, limy chales, and quartzites.
The REN concentrations of the unaltered, recrystallized, and
metasomatically altered dolowmites and shales are all similar
suggesting that REE were not added. The shales are
relatively impermeable and miveralogical e§13 e and REE
analyses indicate that these formations were not greatly
affected by metasomatism. Therefore the REE  concentrations
of the shales were not altered significantliy. The magnesian
skarn that replaced the dolomites 1is characterized by
minerals that Thave a swall parvtition coefficient such as

magnetite, forsterite, and carbonate. This may explain the

ot
By

low and similar F

o

T oconcentrations of  the unaltered, the
recrystallized, and the metasomatically altered dolomites
The carbonate sediments have absolute RER  concen-

trations that are very low and suggests that they are not

the source of the

e shales have sufticient REL

concentrations bul wmetasomatisn has nol greabtly alfected the



REE concentrations of these  rooks suggesting that they are
not the source. The most likely 13 a late
tage fluid derived from the Hanover-Fievro intrusive. The

REE concentrations and fractionation patterns of the altered
sediments may reflect the RER composition of the fluid
derived from the intrusive. However, the RER concentrations
of the altered sediments provably also were governed by a)
the original composition of the sedimentary rocks, L)  the
mineral assemblages that replaced the sediments and their
partion coefficients for the REE, and, <) by the effects of
CO2Z and later processes that probably remobilized the REE.
REE are not very effective for determining the source
of the nineralizing fluid(s) in this study. The metasomati—
cally altered sediments have a complex origin making it

difficult to interpret their REER patter

ns.  The lack of data
on the partion coefficients between aqueous fluid/mineral
does not allow any nodeling studies. Remobilization of the

REE probably occurred making it‘even more difficult to
interpret the REE patterns  of  the altored sediments .,
However, the REE can place certain constraints on  possible
sources of the mineralizing fiuids. This study shows that
REE can be mobile under conditions of metasomatism and to a
lesser extent recrystallizat ton, The cifects of
recrystallization and metasomatism on the REE concentrations

of carbonates, shales, and quartvites has been monitored.



Ahmad,, S.N., and Rose, A.W., (1980) ¥luid Inclusions in
Forphyry and Skarn Ore at Santa Rita, New Mexico; Econ.
iy 4
Geol. v. 75, pPp. 229-250

Aleksandrov, W.M., Vernadskiy, V.I., (1975%) 7The Geochemistry
of Formation of Skarns and Ores in the Crushed Z%ones of
Carbonate Rocks: Gecchemistry International, no. 9,

pPp. 2-18.

Aleksiyev, E. I., (1970) Genetic Significance of the Rare-
Farth Elements of Northern Nigeria and the Camercons:
Geochm. Int. 7, 127-132,

Ballmer, G.J., (1949) Gge
Texas Geclogical.So

~~~~~~ {1953) Geology of the Banta Rita Area: New Mexico
Geological Sccity Guidebook, Fourth Field Conference.

Balashov, Yu. A., Kekilya, M. A., and Nadareyshvili, D.G.,
(1969) Bf<ect of Alkali Content on Fractionation of

; the Rare Farths in Rocks of Gabbroid Intrusive,
Geochem. Int, no. 6, PR. 4764484,

Balashov, Y. A., Frenkel, M. Ya and Yaroschevskiy, A.A.

Ya.,
(197C) Effect of tﬁ@,chﬁt‘?1i7&tion factor on frac-
tionation of *ho Rare Earth Llewments during Crystal-
lization differentiation of ULKLCates; Geochemistry
International, no. 7, pPRp. 511-61

[

Bandurkin, ¢. A., (1961) Behavior of the Rare Earth in
Fluorine-Bearing Media; Geochemistry International,
no. 2, pp. 159-167.

Barnes, H.L. and Cramnanske, G.K.,e(1ﬂ67} Solubilities and
transport of ore minerals; in Ge zoctiemistry of Hydro-
thermal Ore Deposits; Barnes, Holio, ed. New York, Holt,
Rinenard, and Winston, Inc., pps. 334-381

Beus, A.A., (1958) The Fole of Complexes in Transfers and
Accunmulations of Rare Elements in tndogenic Solutions;

Geochemistry International, no. 4 no . 388~397.

Buseclk, P.R., (1964) Contact Metasomat!sm and Ore Deposition:

Concepcion Del Oro, Mexico; Boon. GCeol. wv. 61, pp. 97-1235,

weme— (1967) Contact Metasomatism and ore deposition: Tem
Puite, Nevada; Icon. Geol., v. €2, pp. 331-353.



lesg,

sives
Econ.

Cathe (1977)

IJ.Z\' “

Geol., wv.
Choppin,
the
PR,

G.R.,
Lanthanide BElem
387-393.

Collins, P. (1970
Inclus
ot

IJ.J .y )
ions and the
Salinity; Econ.

Condie, K.C
of Lou
Wyomin

and Lo,

i
g; Geochim.
Cooper, J.
rocks near
Soc. Amer.

r.,
Johnson
Ball.

Cullers, R.L.,
Experi
as tra

water:

Medaris,
m@ﬂ;al

ace el

Cullers, R.L.,
C.W., (1975) Rare
and in the clay-s
Havensville and Esk
Geochimica

Y

De Groot-Pommart,

associate

C.,
>d minera

(Cyclades Archipela

in Fluid Inclusion
editor:

Erwood, R.J., Kesler,
Compositicnally D 15
Naica Mine,

An
by Ground-Water
12,

and Unr“:

, H.H.,

s Lake batholith of
and
(1957) Metamorphism and volume
68,
studies of the
lements among
Geochimica et
Chaudhurl,
earth distributions in clay
ized

et Cosmochimica Acta,

(197
liza

Edwin Roedder,

Pp.

el Jhem., V.

25,

Gas Hydrates
Fre
V.

in CO2-Bearing Fluid
2ezing Data for Ystimation
74, pp. 1435-1444,

Trace Element Geochemisgtry
iy PreCambrian age,

Acta 3%, pp. 109%9-11319.

(1971)
ea

Y
Cosmochin

~r

Cochise
E77-610.

Camp,
PD.
L.G., and

l'quldc and

1..
bi1luctu mlnerdls aad
t pp. 1499-1512,

Cosmochimica Ac

5., Arnold, B., Lee, M., and Wolf,

minerals
Permian
and Cklahoma s

fractinn of
ridge shales of

the Lower

S - .
Kansas

vol. 39, pp. 1691-1703.
5) A study of iron-bearing and
tions in the skarns of Seriphos
go, Greece); (abst. by J. Touret)
Research, proceeding of COFFI,
vol. 8, p. 47.
LB, and Cloke, L., (1979)

stinct, Saline Hydrothermal Solutions,

Chihuahua, Mexico; Econ. Geol., v. 74,
pp. 95-108.

Felsche, J., and H roann, A.G., (1970) Yettrium and Lan-
thanides 39, 71; in Mandbook of Geochemis try 11-~5;
editor: K.H. wﬁ“enoxl Springer-Verlag,
pp. 39,57-71-A~1 to 39,57-71-0-9.

Flower, R.H., (1953) Paleozoic sedimentary rocks of soutl.orn
New Mexico: Geol. Soc. Guidebook Field Conf., South-

western New Mexico

pr. 106121,



(138)

Filoyd, P.A. and Winchester, J.5., (1975) Magnma type and tec-
tonic setting discrimination using immobile elements;
Barth Planet Sci. Letters 27 bp. 211-218,

Floyd, P.A. ang Winchester, J.5., (1978) Identification and
discrimination of altered and rietamorphosed voleanic
rocks using immobile elenents; Chemical Geol, 21, pp.
291-306. Y T ; Taoof 1 ; . ’Ir [

’f [) S TR
Forrester, JﬁD.,-(1972)....Q.Y..................

Unpub. M8, thesis, Cornell Univ.
\

Ganzeyev, A.A., and Sotskov, vu.p., (1976) Rare Barth Elements
in Fluorites of Different Origin; Geochemistry
International, no. 3, Pp. 51-56.

Grabezhev, A.I. (1977) on conditions of formation of rare-
metal and gold ore hydrothermal deposits (abst.) in
Fluid Inclusion Research, Proceeding of corrr, editor:
Edwin Roedder, vol. 10, np. 95,

Graf, J.L., (1977) Rare Darth Elements as Hydrothermal Tracers
During the Formation of Massive Sulfide Deposits in
Volcanic Rocks; Fcon. Geol., v. 72, pp. 527-548.

Haas, J.L.Jr., (1971) The Bffects of Salinity on the Maximumn
Thermal Gradient of a Hydrothermal System at Hydrostatic
Pressure; Econ. Geol., v.66, pp. 940-946.

Haskin, L.A., ¥rey, F.A., anda Smith, R.H., (1966) Meteoric,
solar and terrestrial Rare Earth Element distributions;
hysics and Chemistry of the Barth, no. 7, pp. 167-221.

Haskin, L.A., andg Gehl,M.A., (1962) Rare-Fartn distribution
in sediments: Jour. Geophys. Res. 67, Pr. 2537-2541.

%]

Haskin, L.A., and Paster, T.P., (1979) Geochemistry and
Mineralogy of the Rare tarths; in Handbook on the
Physics and Chemistry of the Rare Barths, editors:
K.A. Gschneider, Jr., andg L. Eyring, North-Holland
Pub. Co., pp. 1-80.

Helgeson, H. C. (1970a) A chemical and thermodynamic model of
ore deposition in hyvdrothermal systems; Min. Soc. Amer.
Spec. Papers, pPp. 155-186.

Henley, R.W., (1%73) Some Fluig dynamics and ore genesis;:
Trans. Instn Min. Metall., B1-B7.

Hernon, R.M., (1949) Geology and ore deposits of Silver City
region, New Mexico; West Texas Geol. Soc, Guidebook,
Field trip 3.



Hernon, R.M., Jones, W.R., and rMoore, S.L., (1953 Sonme
ceclogical features of the Banta Pita Quadrange, New
Mexico Geol. Soc. Guidebook, Fourth Field Conf.,
Southwestern New Mexico, pp.117-130.

Hernon, R.M., and Jones, W.R., (1967) Ore Deposits in the
Central Mining District, Grant County, New Mexico, in
Ore Deposits of the United States, Gratton Sales vol. 2,

editor: John Ridge, AIME, oo. 1211-1237.

O (D

Huang, C.-%1, Rose, A.W., and Deines, P., (1975) Isotopic and
petrologic studies of contact metasomatic ores at Ely,
Nevada:; (abst.) in Fluid Inclusion Research, proceaedings
of COFFI, editor: Edwin Roedder, vol. 8, .75,

Hynes, A., (1980) Carbonization and Mobility of Ti, Y, and
Jr in Dacot Formation Metabasalts, SE Quebecd; Contrib.
Mineral Petrol. 75, pp. 79-87.

Jones, W.R., (1956) The Central Mining District, Grant County,
New Mexico: U.S. Geol. Survey Open File Reporkt.

Jones, W.R., Hernon, R.M., and Pratt, W.P., (1961) Geologic
events culminating in primary mLZcIJi zation in t!
Central Mining district, Grant County, New Men
short papers in the geologic and hydzo Logic s
U.8. Geol. Survey Prof. Paper 424- [E)2 ClL—i?G.

Jones, W.R., Hernon, R.M., and Moore, 5.L., (1967) General
Geology of Santa Rita quadrange, Grant County, New
Mexico; U.S. Geol. Survey Prof. Paper 555, 144p.

Keevil, N.B., (1942) Vapor pressures of agqueous solutions at
high tempuratureg; amer. Chem. Soc. Jour., v. &4,
p.B841-850.

the

Kesler, S.E., (1968) Contact-localized ore formation at
Meme mine, Haiti; Econ. Geology, v. 63, pp.541-552

Kosterin, A.V., (1959) The Possible Modes of Transport of
the Rare Barths by Hydrothermal Solutions; Geo-
chemistry International, no. 4, pp. 381-387.

‘ovalenko, A.S., Snamenskaya, V.DP., Afonin, V.P., Pavlin-
skiy, €.V., and Malov, V.M. Makov, (1966) Rehavior of
Rare-Earths and Yiobrium in metasomatically altered
alkalic granites of the Ognitsk Complex (Fast Sayan}:
Geochemisty International, no. 5, pPp. 406-418.

Kniffen, L.M., (1920) Mining and engineering methods and
costs of the Hanover-Bessemer Iron and Coppar Co.,
Fierro, New Mexico: U. §. Bur. Mines Tnf. Circ. ©361,
20p.



Kwak, T.A.P., and Tan, 7T.0., (io8) ) The Geochemist ry of
Zoning in Skarn Minerals at the K ing Island (Dolphin)
Mine; Econ. Geol. V. 76, pp. 468-497,

Landon, R.E., (1929) Metamorphism and ore deposition in the
Santa Rita-Hanover Fierro area, New Mexico-a study of
igneous metamorphism: Chicago Univ., Unpub. PhD. thesis.

Lasky, §.G., (1930) Geology and ore deposits of the Bavard
area Central Mining district, New Mexico: U. §. Geol.
Survey Bull. 870, 144p,

Mitchell, R.H., and Brunfelt, A.O. {1975) Rare earth element
geochemistry of the Fen Alkaline Complex, Norway, Conktr.
Mineral. Petrol. 52, pPp. 247-259

Ia)

Martin, R.F., Whitley, J.E., and Wooley, A.R., (1978) aAn
Investigation of Rare-Farth Mobility: Fenitized
Quartzites, Borralan Complex, N.W. Scotland: Contrib.
Mineral Petrol. 66, pp. £9-73.

L

Mineyev, D.A., (1963) Geochemical Differention of the Rare
Farths: Geochemistry International, no. 12, Pw. 1129~
1149.

Minevyev, D.A., Makarochkin, B.A.. and Shabin, A.G., (1962)
On the behavior of Lanthanides during alteration of
Rare Barth Minerals: Geochemistry International, no. 7,
pPp. 684-693,

Moller, P., Morteani, G., Hoefs, J., and Parekh, P.P, (1979)
The Origins of the Ore-Bearing Solutions in the Pb-%n
Veins of the Western Harz, Germany, as deduced fron
Rare-Earth Element and Isotope Distributions in
Calcites; Chemical Geology, 26, pp. 197-215,

Moller, P., Dulski, P., Schley, F., Imeck, J., and Sracki,
W., (1981) A New Way of Interpreting Trace Element
Concentrations with respect to Modes of Mineral For-
mation; Jour. of Geochemical Exploration, 15, pp. 271~
284,

(e8]

Ohmoto, H., Rye. R.0O., and Holland,, H.D., (1968) Lead-zinc
Ore Deposition in the Bluebell Mine + Pritish Columbia,
Canada, in Fluid Inclusion Research, proceeding of
COFFI, editor: Tdwin Roedder, vol. 1, p.7.

Paige, 8., (190%9) The Hanover iron-ore deposits, New Mexico:
U.S5. Geol. Survey Bull. 380-E, pp. 199-214.

Pearce, J.A., and Cann, (1973) Tectonic setting of basic
volcanic rocks determined using trace element
analyses; Earth Planet Sci Letter 19, pp. 290-3C0.



{141)

Fearce, J.A., ang Norry, M.J., {1979) Petrogenetica
implications of Ti, Sr, v, and b variations in
volcanic rocks: Contrib. Mineral Petrol. 69, Pp. 33-47.

Perstev, N.N., (1973) Skarns ag magmatic and postmagmatic
formations: Internat. Geology Rev., wv. 16, no. s,
Pp. 572-582.

Potter II, R.wW., Clynne, M.A., and Brown, D.I,., (1978}
Freezing poinpt depression of agieous sodium chloride
solutions; Econ. Geol., v. 73, no. 2, pp. 284-285.

Roedder, E.w., (1971) Pluiqg Inclusion Studies on Porphyry-
Type Ore Deposits at Bingham, Utah, Butte, Montana,
and Climax, Colorado; Fcon. Geol., V. 65, PR. 98-120.

mmmmmm (1971) Fluid-inclusion Evidence on the Enviroment of
Formation of Mineral Deposits of the Southern
Appalachian Valley; Econ. Geol., v.66, pp.777-791.

e

—mem—e (1972) Composition of fiuid inclusions: Geological
sSurvey Prof, Paper 44077

—-==~(1977) Fluidq Inclusions as Tools in Mineral Eaxploration;
Lcon. Geol., wv. 72, pp. 503-525.

Ronov, A.B., Balashov, Yu.A., Girin, Yu.pr,., Bratishko,
R.Kh., ana Kazakov, G.A., (1972) Trends in Rare~Zarth
Distribution in the Sedimentary Shell and in the Farth’sg

Crust; Geochemistry International, no. 12, pp. 937-1016.

Ronov, A.B., Balashov, vu.a., Girin, yu.p., Bratishko,
R.Kh., ang Kazakov, G.A., (1974) Regularities of rare-
earth element distributions in the sedimentary shell
in the crust of the earth; Sedimentology 21, Pp. 171-193.

Schmitt, HoAL (1933b) The Central Mining District, New Mexico:
Amer. Inst. Mining Metall. Engineers Contr., no. 39, 22p;
1935b, Trans., v. 115, p.187-208.

=== (1939) The Pewabic Mine, New Mexico: Geol. Soc.
; Amer. Bull., v.sp, no.5, pp. 777-g18.

————— (1248) The contact pyrometasomatic aureoles: Amey. Ipngt.
Mining Metall. Engineers Tech. pup. 2357, v. 12, no. 3,
9 p.

Schimuzu, N. and Kushiro, I., (1975) The partioning of rare
earth elements between garnet and liquid at high
pressures;: Preliminary experiments: Geophysical
Research lLetters, 2, pp. 413-416.



(142)

13

Shoiji, T., (1973) Role of tenperature and CO2 pressure in the

formation of skarn and its earing on mineralization:
Econ. Geol., v.70, np. 739749,

Sigurdson, D.R., and Lawrence, E.¥., (1976) Mineral para-
genesls and fluid inclusion thermometry at four tunagsten
deposits in the western USA: (abst.) in Fluid Inclusion
Research, proceeding from COFFI, editor: Edwin PRoedder,
vol. 8, p. 169.

Scurijan, S., and Kennedy, G.C., (1962) The System H20-NacCl
at Elevated Temperatures and Pressures; Amer. Jour. of
Science, Vol. 260, pp. 115-141.

Spencer, A.C. and Paige, S., {(1935) Geology of the Santa
Rita Mining District, New Mexico: U.5. Geol. Survey
Bull. 859, 78 P-

Stuckless, J.S., and Miesch, A.T., {(1981) Petrogenetic
Modeling of a Potential Uranium Source Rock, Granite
Mountains, Wyoming; Geol. Survey Prof. Paper 1225, 34p.

Tan, T.H., and Kwak, T.A.P., (1979) The measurement of the
thermal history around the Grassy Granodiorite, King
Island, Tasmania, by use of fluid inclusion data; Jour.
Geol., v.87, pp.43-54.

Taylor, H.P., Jr. (1974) The application of oxygen and
hydrogen isotope studies to problems of hydrothermal
alteration and ore deposition: Econ. Geol., 69, 843-8873,

Towell, D.G., R. Volfovsky, and Winchester, J.W. {1965)
Rare Farth Element abundances in the standard granite
G-1 and standard diabase W-1 Geochin. Cosmochim. Acta
29, pp. 569-572,

clogy Mineralogical and

Turner, F.J., (1968) Metamorphic Petr
413 p.

Field Aspects: McGraw-Hill, 4

Touret, J., (1977) The Significance of Flnid Inclusions in
Metamorphic Rocks: in Thermodvynamic in Geology, editor
D.G. Fraser, D. Reidel Pub. Co., pPp. 203-227,

-
'

Wendlandt, F.R., and Harrison, wW..J. (1979) Rare Earth
Partioning Between Tmmiscible Carbonate and Silicate
Liquids and CO2 Vapor: Results and’ Implications for the
Formation of Light Rare Earth-Enriched Rocks: Contrib.
Mineral. Petrol. 69, pn. 409-4109.

White, D.E., Hem. J.D., and Waning, G.A., (1974) Diverse
origins of hydrothermal ore fluids; Econ. Geol., v. 69,
pPp. 954-973,



(143)

Winchell, ., (1958) The composition and physcial properties
of garnet: Amer. Mineralogist, v. 43, p. 595,

Winkler, H.G.F., (1979) Petrogenesis of Metamorphic Rocks
Fifth Edition, Springer-Verlag 348 p.

Yousefpour, M.V., (1977) Geology and Contact Pyrometasomatic
ore deposits at the Continental mine, Clerro, New Mexico;
Unpub. M.S. the

-
sis, Colo. School Mines.

————— (1972) Genesis of skarn polymetallic deposits in +
Hanover-Fierro area, New Mexico; Unpub. Phd thesis
Colo. School Minegs.

he

’

Zharikov, V.A. (1970) Skarns: International Geol. Rev. 12,
pPp. 541-559; 619-647: 760_775.

Zielinski, R.A. ang Frey, F.A., (1974) An experimental study
of the Daltlonlnq of rare earth element {Gd) in the
system d1onc1u_WQqueoub vapor; Geochimica et Cosmochimica
Acta, wol. 38, pp. 545-545% '



i 'SLOPTCR XOTNURAL+ARTO+S] TOTED I SUToA DUR SGBTC JeTNS33IT 1suTsa m “
j UCDATZ mUR |
w Sh1nEde Axog s800v  tsioptde xeTouexb ‘ (¢)ziTend ‘sieTd ‘83TIOTYD ‘aseTooTie(d TeIsiTe ‘SR BUCGIED
| A PODUNOIANS &I2 S38UTDD  * DSUOZ Atremndsiat ST umaw ‘JsuTeb OTdOIZCSTWR ‘eaTesmu ATTIRWTIS ‘ SGoD
u SLINCICG WACINCGY EHL NI 5MIC ZITE0ICL 76D ONEsITy , |
i *SABO puR ‘slTgsubew TeIpsing ‘siTioce SLOIOUT sTeIsuTw | g
| AZCESBoDY  CSpueq BuTiRuIsiTe ut B TXINDD 44@ TAUCRSOTEUD padeysS-UTPnOY LU fRTOTEBUTIUEdISS H “
] ‘SUTHUSAISS ‘83T0TED CeUTRIB-2UTI pUE 95T2C0 SUTATTO BUTISIT? U3TA DOIBTII0SISe aulluciiss wnummmm SR
wl:t SLIWCTO] YADINGH-LEEHD NYWETY | |
M SuTSA SaTnoubEu M *
m SUTSA 3TIAd PSUTEA | k
i | TE3TISULSEU pUR SRTICTUD TLSTRISUTU Snoid saTuny |
‘SAPTO ‘sUTSusdiss IO sessTw shIv oF ButxsiTe ST S3TISISIOL *SpT] U3 ;¢ fatxoles zun mnm,uu_
| THCS BTGTEN TSUTRURATSS U3 TM poleToosse SULRID 93TIe3sI07 DoI93Te pue Tqase 7o sasdet wrwumchmurmM TR
ALINCICA YAOINGH-T2EHD MY |
i "PRITIBRSICT BT UL TM CSRUiiCEse oae | H
, BUTsUsCIes pur s TReubtu Arepucoeg TSTISDTSIOI DUTISZTR IO SSCUSIINSSO DEIBTCST UM )wuhmﬁ\q ﬂ-ﬂ | L
m STUTEW AT93TUTUORSIG 36793 TIe38207 buTIen T I LV TONIG /3T R oY ! = va_
I
.Lw e ‘n = 1T \lwm ,h ,_w
! ! i ]
m 7 “
M i L Ty H\.m\/y %
! TSITIASGSIOY ButoeTder pue DuTUTaA 93 13suney 20T o3 Troubeu ®1mm
m S/e10 fsuTsa SnoIeury "8CT-0T o3 TdoboTud ‘eaTh0Tq 'SITAOTYD ‘SILTCUTIOR ‘25 TTLULSAL wmﬂnmmﬂuumm;
! LE3RT0ST UT anolo ausxorldout s 206 e 1dcotud Apgrssed pue mﬂquc ™ dncis Yy fSuTiusdIss
W 4q pecerdsx usaq sey aEyy S3TIEs0y Tenueab ‘oarsseu ATsyeuTwopsad STRJUICY sdotp mwﬂwmwmwom‘ m&mu%
| : LI OS5 1T | ‘
i T ausUCs @“m S3T3sUDBl AICSSS0DY
%= = mﬂmu ‘S3Tasubsuw

TBITIAOTUD ~mu~u0ﬂm ‘I3TACOSTUE ‘S3TOTISS o3 5 u@pﬂm sasiAxoousyd 8seTooT
'SZTIOTYD 03 BuTIsaTe mgm:&, ueud o3 T30Tg .Q4a aubew ‘83T301q o3 butzsate
‘aseTooTheTd \mUCquCMOr Tedsplay ‘zZiIend :sseupuncid
"O93TRCTY pue aedsprsy IouTw ‘spusTquUIcy ‘ssetootberd nmwmmhooamﬂg LPLTIACTDOURAD pOISITY
kst <mo e [VH

_ SLTIBULBULSI TS oa9+0mcqqx CU+3 TToOULgou

DuBYds S+ TIOTU+OPUS THUIOU+23 Ten+-oq TTOUT aoEHod TaSubR )

C:iiayzo  %GT7: 4lumatmﬁ B0E9ITTOUTIOR ‘epuaTquacy ‘sioprtde  £030:z3Ien i
o r3ed ‘z3Terd ‘eioptde ‘earisubew ‘93T30Tq Ag peoeldsa Lfutaq ‘etus
sopTds kmmumm@ TOS03S8TYDS >Ham(OH {STOIUICY 83 TTOUTIOR-SpUST MﬁM(r ~-23001do~
HLIZTAVGRO SSITH

1~
n Lq
h

[

0

)

0

L

o

)

o
£

b [N -

—

Pg

2

i
|
i
H
f
|
'
i
|

o
B B

q
A=
@]
o

©
0
]
3
s
73
3
i\)] i
:
&
=
Cy
EL))




- - . PR ey e - Y Ly . - kg = . pmm oy
ST TIOTYDHZaxEn DEUT2ID-858IR004+23 TaubRue] TTOUT30B+330pTaS AT 1SUTBA
.o T —~y - -
WIDTZO 843 O
e et PP g [ N . A o . -y [ g o~ . o~ At AP
- umireamd SAS..I00Uusud eSETOOTSETC ATSMIT 38CGA ‘guTeib obisT pPSORY (S)VETo TUsOI] sXE
el o T S e . 0 ~ T ey £ g . + o~y — - T —~ i e AT e o Damer
‘o zossn ssnl SSTUDUNOIL pEUTRID SUTI SUl UL CSDITS Sui F¢ Katzoleul 82U 2STICCD STCCTES DUR SARTD
& 1: T h T t : = e ES g ¥ 1 - : 1T h g = =
e e Ty - - R —ymrr .o o ey P o PR — oy ey T TS TS DT o ey
rznrsede (SRTIQUISOER UITY 0OSSe SPUSTUICH pPe4A=hi® {TedspTel PeISHTR (ZUIEnD JeinUEL ISNID PRASLIY
it o g T TOOTI I

NOLIARIOA FTIMSD) JRL I ZHId ZALIS Iz

TIOTUOHS [ [OUTHDB+Z T8I+ R00TES 33 T0 TR0
@Em@¢+mu0Uﬂmm+mMoaﬂﬂw&m+NuMMﬂw¢muﬂoHmu“m

v DT Ty T T
TUD plE

&3
2373
. .

L
butoeTdax jaured (&) 94ed

gy

N " [ Tt -~ -3 o
(¢)epTedoTp butoel qeucqTen ButoeTdsl SpPISAOTO "2CISLTAAGCODE

SuTIAZ COITIOTUD Y8R00TASs R TIOISIR~SR TICUTROR Azecucoss pug zaJenb ‘enroubTw TRIDSNE (SREUCIIEC

v RTINS, N P o Ty T Cop e = o . S, - — . e mpEIT TS A T - e oy Ty o T T

uxzh fepTedoTp LuTIS3TR I0 SASPUTIASS pUE SURTY ToTnbaIAT USTM $09:93T30ubel SATSSTU [UIEXS O3 T38URER

Ut T e T ONYTT A LTI

e e e e - IS TNIT EEAGNEY

SUTOA SUTIUSAISSE5TIOTHD (8UTSA

: : M L

. ke, dome rr T Py T — - T oy T eNTT = e =

oTes ‘Tsutds usezb f83TROTY SR TA0DSTIL {enTICTUS ‘o30pTUY CSTE

2G1OpTSAOTR 67 18ARTS PR 38uUCyaed 5T o7 TIAdooTeyD-on TaAd-23 TR aube 2 CT 183 TS -2 TICUTIoR

3 T R e s AT IONANS B e T A o T Y ~ 1 Ty o =5 Tl e e TeNA O T

207 :oaTdChoTUd §4 93TI935: 07 DUTIRSTR JO 240Xl DI EsTTARoT ST2IUIOY {COTD) 83 TISIBICS

CARIN SRS FOVTRICE T T YYD MW TOTY

TLTWOTICC YACINCE =000 ot ed uJ

P ToTEeSh vl = T ————— pe TTom TS S A PRt el

Za1078C iplnuedb pue ‘83T130Tq ‘SARTO (¢)BUTIUSCASS YO0TIOTUD YSLTTOUTICE SO PesSTIalcD

sre souoned DUTISHTE SUL ¢ SATISRSIOF BUTISITR DuR SSDTXO UOILL JO sayoaed Ya T ST e31onIg J0

STgIR AT2BUTWORDIF 26 91TI55570F DUTISITR 8G6: OTCICL/ORTONIY ~JOT !STIJUIOY S[UIE-93 1835404

TTTON

LTI VAOLAC

=i}
-

*SSPTIXO UOAT pUR 2uRUds O3 1.00stll ‘o30pTQs
;

~

o

-

X

|

SCNTOUT SSTUpLnoIb SUTIsATe SU3 UuT STRIBUTW I8U30 -qowreb Agq pecerdax buteq &2
ToOT B nxenh pue siedsprel poIod(2 ‘ARTD IO SHUNCLE I9SSST pue ‘83T0TED AT

1O XKTIGEW B AQ DPODUNCIINS ‘asuded peanjoel psucz Arerndaaxt ‘oTdolasiue L
FLTNCICA YADINCEIY L NI SHTd HLIE

SN X ]
s
pe]
T e
5
3 ox

~APTO pUE SSPIXO UOXT ‘Spusquicy ‘o3TIouTioe
‘opTsdoTp 1OPNOUT STRISUTW TRz TUbooaY

- 1
STAN0D ATERIINE

DeI9lTe pUR ‘OMTD S1TIOTDOURID ‘3ISUD JO SUOTSOTIUT R TM o0k poisnle DPUe XoTouoD A
FITWOIOG YACINCH NI VIo0HEd

sy8TuT=2A SUTOTRI+22IEND
S1TOTED PSUCZ4AUCLSOTRUD SUTSA

Toey pue 230pTde IWTIGEW JASUD AT9ITHIWORSIA]
o ) [n B

uT
AL THCTIOONGID (EANTY OL INADYLCY NOZIHCH JatHHo

#

[

O

[




d(] H
o) 0
b ~ o)
0 -t . QA
) H 5 fg')s Gy by
g O AR et O 9 —
i o a o @) - [ SR & I S} < Q) 2]
Dy en gz 0o MU R ) R 4
' 23 Ul B = RO R s R B
-1 0 0 © W om0 O y Qo U] st
SRR RE R oy B A sy O 7 G L] 73
& @ o o Dy B [ IS o %’2 0 a )
~ 5 E foF D O SR I Qo LT
Q 0 O 0 -t 4D o h oYy & g i Q Q
3 . «© e Q) >mEoc A om g5
Ee RO o om0 G (VIR o3 [SER & I IR 42
o4 0 1 N ER VG e © 1) oo 4 .
0 0 g G b0 g o - ST o BRI & B
T £2 4 H = 44 O q o 6o A
ke e T 0 ag el QR Ty Won O
O o LT D &= O Rl S U W ! &g ad v o)
oz @ Q6 &5 b0 £ s B BV B
L 9 i + 50 i& T o
Q) Y O ~ uy oW WL et G 4
by o @O w Qo U T oh 43 £ - LA N iy
ced 4y .0 VR TSI A sl [4})] Q) o0 43 Rl EE @]
43Uy Q) Q) ) oced (G eed E_ OO0 dd 0 a3 O e =i
O .o Ul ey 0 s al O ot 00 C W
A on -0 2o~ @ o & . T U 54
Ne R Q Do SRR SR N oW oL U 8
o @ @ M r oY , £ 00 Q £ b <
~ e O o« U ) e ol SRS U w ]
Q o @ o4 M 0oy @ e S0 m = ¢
LY R R g o o CoWom U0 g w 4
O oo Q) Bt BRI 88 thad Bt 4 5
ok O g\d}p oo OO RE — .0 O Q 0
b L LRI S (O] T - 4 o0 el O f%
Dyt O oo %i 33 o oA ~ joli S ?) ] gt ] i
i =4 @ 3 5eau O ® 4 dodo 9
B ) DG e - S 33.—-( o) R
e - o\om"f D= o3 0,4 ] 530 5 2
TR RS o o b i 50 4 - D ha It
r~ - o G S oo ] Q < B~~~ @ oo g .
3y o4O w0 O £ 43 Yy VI I sl
(ST o) w s n - th o - ol 4 2 C O I Q 0
g 20 ~ U eI i oo Q s Yt el 0 E« o e
o, W Qoo 0w, W o R el i 43w el o
IS Q & Ol 02D o 8 gl = ol @ e
o T =i T | B S om0 @ O Q . RN P B I B L O S &
0N e ] O Oyl NI oUd oW F L3 8 o Nk X
o 0d oz o odg Hhwd Gl s O 3@y SACIRo JR X a
W 0 o L W 0 T B o T VIR S R B SR
Z e g O o oo wn oo Q [} o) oo e D Qe -t 43 -]
O o« 0 0 (O] N g 4 RN ol oo QR O U o= e KB}
b= N 4 = E o= T B GV R S TR e A &) R 6 RRF I R ) - 1D R 12 O
o B et e = SRRy % O &0 et G , o Q) 0o e ) &
£ S & i i O Ly e )OS O &) e O R o o
& G 4 @ [SIue TN ] oo 0, 3 N Iis! 00 Q0 o) (T
xo o ) EN| © o e oy U 0O O e ] OO0 L o0 o] .
(e ) L R W R B e S SO RO e Q) oo o =R
f oo 8] Yy L. Keare ~— —i 5 i Q A3 e mom - 44
Yoo e o O Tl e oo s e O © = iS) 4
o @S E Y ~ 7 a8 51 ¥ noeTo s
q o SO IR 5 N ’P O ot D uy 8] O - S 4 Qo 3
s R L DT og ot + 4 ~ ) 0 e s O M T
HE D LE 208 smenygad = S 6 ogdom T
Hode c0¢ 00 0L Qs eD LoV R s IR X
I R A N 2o Q) S0 Qoert ot Q) 4 O 43 E ey S e (e q
O Qo aa 0 4 TN U % 42 2 U~ o LQ a
, gy e 03 ~r e m @ o o QA4 m Qo d 5
;ﬁ L B I 0O M )N S G PR VI O N N [ B LE et 4 O St Y-
oo owowd s S g — o0 = { g CiFd W W Sy
Soi0Bop] Dedl Sd9eifqrd 4 Somenaodn £
@D e F O e S0 E N DN o d o 4 R ¢
Uy @ QR Q@ O~ m WO G e L Ty E gy ~0 g0 - O w
O« FG RN RN 13 e @ o S900 M NN+ l;,q Q-4 e o~ el oy
by e 5o O nw oo O Ay e 0 PP oD N >R ol T
QS X Do 0o - S G S i by et P }i - C-AN RS R B
U) Rt B T VR R A & B D (¢ B o0 O mom 5L M l"“ n R R I VI
= £ g3 g | u S0 P R e R e L R N U SEM R B ¢ S [
M o~ F & s S oo d RO IR IR =R B SR R
LDwm oD [ U Re e ] ij [} B2 Lé TR G B el R
[ O O Y 1) eg s 28 ) O T R e R *j - (
b T A e e YD O Q) - RIS T N SRS 1 S R TR S I S S S
o B SRR WY Soa e 4 oL o G o Qg i A
e T E R R S T I s (ISR {: = o 5 0@ byt
v w Q@ ”:)’ ;—i ) &2 ) =i ﬂz ? lf‘i: (45 IR A Vs B 4] ﬂ:j [ad
RIS IS E T - Gl £ @ oM 9400 e s
(G I I '®) et 1T R ! 1§ [GROR& oF (U Q CxCa C
P a4 =R 4 KRS g ({g a 2)
el O ] Ot @ed ko @ LI B e
Fegod 0 [ S B0 PR VO O S s S Kol oS IR ORI INEH
A O BRI B C-AR ST L S B S R = TR I I e &
N B el el O] 13g) R ~ oo B 0 ey by e e
oMoy Oy G4 |0 e ) = IR s S ]
ol @B OO
[V ~—
i - O
S (R INTe! U
- Fied T
1 G lﬂ; "
in Gy o e
é% R L—l )
. l_ o |6 B




e T
Z3Xend  CsuTeab o3tjede aIex puR £SIT SUC UT ummﬂmbmum 23TND ST YOTWA UCDITZ SpnToul STRIsUTU
Axcsssooy  “ARTO-BITIOTYD ‘S3TOTIDS-S3TAODSTI JO seexe BUTImwoo ATesieds 1c4:Atenmutxordde
votaounl Jurted STdrIl SnoIsumu AC pOZTIDNOBRUD ‘zixe ,w ESZTTTERSAIDSI ATSaeunucrard fanTzirenhainin NT80ED
SIIZLING HIOOYEd |
Z2IEND

TOTIBS DUR 93TACOSTL ATUCILDD SS9 pue sAeT0 pue z3jsend IeTnuead AQ popuncaians ATUcuiiod aie suTed
]

*SRTIOTUD DU

o=

SFTOTRD 1SUT2IA

"SITIRWSY pue S3TUCIIUCU SR0PTGS ‘e TIOTYS ‘S3TTOUTI0R SpniouT STeIsuty I9ylQ |
s3T3eubew buroe(dax sepTITNS I8uIeH Hutoeldal ST =aTisubey ©3T0TED ATolsuTwcpaid
IO SUOTSNTOUT JUEPUQY UTERUCD s3ouIed  'SIsjusd o1doIj0sT oacu Seled suThrau 0TdOIA0STUR 2ARY
s3suIen  jauaebd mcﬂmpﬂouuﬂm soaords usdo oYl UT wrol ATucuuiod @a13eubtu puw ‘onToTED Mau4wsu aUL
$g:a3Tooubeu $6o3T0TE0 gg:z3xenb 30giATenvuTxoadde asTICUCD SI8UIRD DPSUOZ’D DATSSEU [UIRYS 39U 6TSCO
NOTIRMACT OOTMS0 | i
ohTIoUbR o TIAG 20600 m
SITIOLY pRUTRIb-8sIS0+21 e Th W
zazenh
oseTocThbeTd sIextal T10Ta+es Taaubauzirend ATs1vutuopaid !
+S3TOTED 1SUTRA SDOITRNYN
*2373ede pur ‘sserootberd ICUTW ‘SARTP S2pIKC UOIT |
PBLNTOUT STRIBUTW IS0 "ssewpunoxd sy3l 3o Ajtaolew oyy do sxoul jeyl &317[oution pue /o3 TIOTuUD
f23730Tq Jaedsplel ‘Zidend JO POSTIALOO STSJUICY pouteab autTI Aisa !sTojuacy (o 8] 2313079 231SED
VIDNE !
- SLTSBUDbBUL I OUT U+Ngmdﬁh I TOTED m
\,\:.w:ﬁ AoUDELZ] Tonbh _
AeroranTisubeuenoptdetzarenha3 TOTe0 m
ZATenHS5TOTED W
S3TOTEO (SUTDA SNCISUNYN
SOOI BITIUD 2 0D
SUToA ABRTO m.ﬂ =al .wmrmmg "joureb butuTea pue HuTcETdeX ST S3T5oubvul DUB S1PuccIvo mﬂﬂ vidal ST
SeUles  TeRTiuRAl pue ABTO ‘Z3TETD JO SIUNCWR I9SSST pUE 93TOTERD ATsjeuTwopaid IO S397UTaA pue
SqaTqg HﬁaﬂhJHH AC DEDUNCXINS BXe s3isuTes  ARTD pue opTds pue 83RucgITd o uvaUmJOHm T ur
SANOOO pUe pAUTaA puw Umumnuom I AT=URIXe sxesdde 18uTedb seoXe wos Ul ‘Iu uﬂo)meanx DD T
DICU S3ROTPUT ABW DUR UCTIDOS paqriosap ATsnotasid oul URUl SUGTSNIOUT SS27 SARy siouted mn@rm {£ZTAID)
TeIsUTW ejpuTwopsad eul ST joured xernuexb ‘poangoeay ATubTy IernbeIat ucumxm asuaeh peIelTy LTIZEINTD

ANGLEEWIT AATIVA DIV H07T" UM




b oaTSUSNIE STUOOEC UCTREISSTE SUT USU SSEUDUNOID STCURSad snsizocusyd butTIsyTY -5SRTOOToE U &Xel
_ o susuds ‘84eTl ‘gyTToUTIoR ZRaRnh (9SRTIONEA0 IO DoSTIdM0D ST SSRUDUTROLY (¢)s3sfmoousla
zotenb 307(9I) SSTpSsU 83TOUTZROR 151M pe3RTocsse suTeab zaxenh pRINGORA] SDJRT ATATR JO SERLE
eI ¥ telopTds pue 93TIOTH IOUTW pue cusuds ‘e3TTouTioe f93TICTYD OF FUTIS3Te S38/200UsUc
SpUDTUICH  susyds pue 1onopTde ‘AeTo umoaq HIEP O3 putzas TR sasiacousyd sseTooTbeTd  Cerus{d
—uzcy pue ‘ITedspied 1ageTootTbetd LuTxslie 30 sasiaoouaud {SETP (¢)satIoTpoueib paIsiie ATSRBISTKI STSCD
) . NOTIEWEC COQECICoTITs
: ST oUbEWH SOPTF[NS+23A8ND0 1 SUTas
sropTdg tz3aEnD puR aedspreg ATqissad sxe sutexd Isy30 ‘SIRTOIDTW SSEI0
_oTheTd STURTITIUSHT 3O UOTRASCKS 83 Uit sTEATOSSAU ATTET3USSse ST SSEUpUNoAD ‘pUSLdS puUE
iznrheubEl ‘enTiEde JO SUOTSNTOUT Snodstnu u=tm S3TTCUTADE PRZTRTIOTUD OF futIonTe sisfaocusud
SpUSTQUIOH  “SARTD puR meO@mmm {23TIOTUD O3 HDUTISlTeE sasiaoousyd oseTooTbeld (&) 9SRISOM3AC
pUR SpUSTOUICY DU seTooTheTd peIen e ATSURIIKS O gnsiaoousyd 19IP SaTICTROWRIL LOIS3TY CPSCo
NOTIORIOT oaueeric TITS
] ShT TAAoOT o o5 TAGHER TRSUDRIEET TROTHD 1 SUTaA
| ssTRISUTWL 9TC TITIUISPTUN IDUSC pue sfeTo ‘onopids ‘SYTIOTYC SSTICUTICE IO SSTUPLNOID 0TS A-USaID
o v UT 91BUTHOpSad SPUSTqUIoY 3O sosiaoousyd butaeaTe ‘ebieT 9IP 53 JrToqTydie poIoTe ATSWSIAXI B2 STT0
i i NOTIROD OOTECIOD SIa SLTICEINANY
SorbRdo+o3 TIOTUSHEGIEND 1 SUTSA
.J;HkOHﬂu pue 93TOTISS S3TACTSH ‘1z TenD TRTOWERID
A pepunoITns buTsq sutelld zaxenb sym puR (Z)Z3IEnd ujﬂjgmuo pue 83TOTAS pue 93TIOTUD
Xq pooetdex SuTeq ®SBTOCURIIO ST S XE agumnnﬂ ArsumXxixe aXe sureib 3SERIDOURIC PUR zazend
‘sIodeT OTITOSAS Ut Jussaxd sTe eIOUTW OTIBW DU !SOPTHO UOXT wo AUmaUe SUT UT S80USIeIyTR AQ
orgezTUubcoeI ST puR quesazd TITaS ST bgﬂnm et >H@um@EﬂTmm TRUTDTID .mmﬂpﬂucmzw 25897 Ul
sSeuUpAmoIb U3 UT AnD00 OsTe S3ToTAeS 1ZATIOTYUD ‘93 TACOSTIL (83T30Td - yedsple] pue ‘zZ3Ie0d
(TeyeuTwOpesd IO SSTUPUNOIL STARUSTARUTISTRUT JRMSU0S peutTelb-sutTy AXen (STEIUICY 211201 72500

NOTIFRICT OOvald

22 TenE+e3 ToTED
SSETOOURIO SIRI+SONDEdO+I3T IOTUO+a30PTAd
senbedota] TI oI J4+930DTde ICUTUHZ pls=ialy)
O3 TIOTUDHOL TSTOZOUTTO pouTeIB-25IR05 SUTDA
+SUTSA UT SINDDO UOTUm S3TICUTZ

pue ‘e3rTiede fUCSITZ (SPOTOUT STRISUTW 9UH0 (¢)ouRxoxAdoUTTO I8a3e ATgisscod axe 93TTOUTROR
pue s30ptdy TBRBUCHIRD PUE igfeTo ‘O3TTOUTIOR URTA DRORTOOSSE Duteq puw sutexb sbrel Arared
. e D108 e frmmmrrmeraTd {QTATUICU [ {2) BUSKOIACGOUTTD)




N,

ShoTUTeA 93T0TED
z

sonbedoiqjouTed S91] UCTSNOUT+O3BUCHIROOPTSdo TP+HAUCEROTRYD
AeTo4s1TOTRD JCUTWHSDTPOSU 8 TTCUTI0R+3swtedb 8913 uoTsnoul * sUlsi
.@UammoMO
a1 butoerdax ST Juleb TeTnbexal a1aede pue 9pisdoTp O SUCTSNIOUT SUOTSUNU UTEUCD pue
Tnooo suTeab oseiootberd shrer  topISAOTP IenURID DU URTM DOIRIDOSSE ATXzaT0 oI sS3ouIe)
- feTo pue sojeucdres ‘redsprey ‘zixend ‘ojTuchseliom puR suteId 9pTSAOTR PaIsd e ATSWSINXD
70 ssmupunoid ® UL 3T V(G SISUILD UMOIY qubty ‘rernbaxat ‘TTRWS (STOIUX ﬂ;u@rummzqormsoH

NOIT

JRRR] [.:Mw Muﬂ/rm

LHAS

mﬂﬂumﬁmzcmuaumﬂmfmfgayoﬁco TOUTUHSUTED+ 23 Tend-853 1O TED
SATIOTUD JOUTUHZIIEnDia31oTen AYa3Ed ﬂnommnm ISUT3A
qTaede AXOSS20TY CORRUOITIED m
fuToedax aprsdoTe puE SDTSA0TD m‘HUﬂwhmu ceuren  2pTsdOTP pue SIRUCIES JO SUOTSNTOUT
STOXaUNU SUTPIUCS 3I9UIRD  *2GT STCYTUCUE IOUTW Pug S3TUCHIeD pue % : Aronmumxoxdde faTdums | V
snotasxd oy Uy} 9pTedoTp SSST SUTEIUOD sidues ST, ZAJenh pue S3euoqIED ' SUTSGOTD 0 (gzo) |
sessal T TnboaXT AQ DSpUNGCIINS ST PUR 208789 saeuTwopaad jeureb SATSSEW (ULENS Jouxeh DOXSAITY | 977EI0ASD |
SQNYE_LANRIYD ¥RIAS CIETIY
2N TOTEOHZ3IEND w
uTeb+eaTOTED SUTaA |
: “BUTUOZ SUORT IBUIRD T W
T TUCG TR0 A pepUnoIAnS axe Die peaETooSIq Jeadde opTsdoTp puR s32 ey w
furoeTdsa ST J9uTeb pue ajRuCqIED Bt rroerdax ST spTSAdcIC 3¢ ATeR E=ro) ; m (R75)
Areneumuopexd IO SgOTq JeTnSSIAT AQ DREUNCIIMS ST pUR $0g:1S95EUT 1S3 5 L RTEIOASD |
CXOTYHIDLRED | w
QOUITLEI AT \
ouTiuedIes ATTpUOCES+ISETOONRICH (Jeuaeh) +233end m
aaTyede+ousyds+ () 19UXeb 2UT [SOI0TUH-ZR LRTIHEsS 0 THeTd+eDTSA0Td SUTAA
rzhxenh pue sIRASDPIDI 30 SSLUPUNCID |
peuUTRIB-SUTY AJSA OUT UTYITH JOUTISTP AI=A 212 STRISUTU furoeydex pue HuTIolie pPORUISOSS? DUR | M
sutesd eprsdoty ATTRUTDTIO Teapsyne ATUIIMICD m©4@H oyl tonTaede pue jEUIRD LTIN POLRTOOSSE |
apTsdoTp 3O m:ansrcL, snoZaumu U3Ta poI3cp exe oselporberd Jo suteiab shiw] IedspTay pue
zazenh JO SSTUpUNCID ® ST INODO STRISUTU pojelaosse pue chmxm sprsdotp osayl oRTSUOTP 30
usueoeTdsx AQ BUTUIIOI 2XR 38UuIeb IO SUBTQ LmJﬁmou T woaq 3UBTT  CETIOUTIO wmmanuuoﬂgow
pue optsdotp HMAS:@HW ¢y HutxenTe suteid optrsdotp Teipeyns ‘ebxe] {STI3WACY LmLHmmsmnHmeﬂ ; L7TRED
SOIIVINIOT UNHEAS i
T AOOpa0TEO+2pISCOTRHSUTDIRU UO ESRRERE




mibiende pher
Jorite, macmet

1
i

1

8]

L)

and ortnoclase

O piotite,

on.
N B Y
NCLAZion

ir
1te

.
1
o}

&

and apa
artz, ©

7
&

vt

ite, and rare gra
:

C
.La

e
L

ol

1 particu

-5 have clay alteraticn associ

is

h

-

grow

e

T

1
i

at

a

NoOCryst

T

=i

[
=

+
i

3

1
S

ne—-gralned and is corori

£33,
Ia:

very

clay,

OoT

-

amoun

-

to the

- o S
A LEd

plagi

ite, and minor

groundmass
nate/marble and

19

e Lo s

PR

3
Nere

t

N

-

ine-grained cario

Fad
L

,.
areas or

P
i

4

'\IS;

nate and cla

v calc

A
4

1

nnate

Al

5

bleb

1

dentifiable

lohid

v

i

be

Famq ey

=
[ SRV SR sl B 1 5

i1Ee.

es trevoli

G

[o).al

j =Y
e

=

nCil

qQ
et

e

2] 1

0 ¢
Byfas

[ gL

£

oY

de
ot
1

¥
N
Mais)

hroudh
whicl

a

exhibit
a0 4~
= [0S
ss in

able clays that

w33

4

ol
e ym ey,
pAgsatel

1

uni
Sral

,
0
=

ay
Ly
ilolglc
,
H

[t
it

(=

=

o)
o
-
)_, 4
nonats

\J

.

[Seu i

e

o
ok

oo oo
A S 1A S
5dh A
el ST

-

YTy

aX

[

oCoar

wnf\_}'
pori

Lo

owides

2

e
T

te al

V
Fe-

ins a

TOUNCIMASS.

nese larger carbonate

it
[,

=

. Some o
TN

W

o

o

EIEE A,

-

I

id.t

V
AT

da

-
.

OCK

.
i

ouchout the
he

-

e
AT
o
y

;
STONE

PRI et

oush
cite

T e

el b
- ThED

L

=

.2 -m Dy o

I

T
27y
0o

\:f

T vy e s T
WELEL

el )
S-S

rd 3
eXTrame.l

RSt

v

ther

9]

I

-

lsl=e!
Hif e

1

S0

eunscran

R
|G OL N (8]

=
;—

al gra

e

[aa
LOdn

A

G

FAD

Pk

Py

I

ALE

inter

spar biot

a
emely

fel

o
(48]

wia

(48]
)
93]
o]

(8

et

are

iral an

1 ».‘,LL.

Y3 A

Wl




(Th)

Joouss oA Ut

pd LD

UT S90IsCoTD
v

IOUTW YRTM SUTSA 38UIEh 4 !
pUR S3ELOIED

() a3 TURTANSSA X =
zo IenbiouTrehbeal TUCT SO IO
BRTOTOOH (&) eUTead 2 TUETANSSA
sleTorz3 e+ ouTes-en TIAd

te)

&
{FOTIDOQUT) SRTUCAITH (IOTIASIUT ) STISTOTY
)

[
CASSTICM S2STUTSA SNOITUN

oUD Ut

(I0T293UT) 23 eUCqIes+ (LTHIEU) 3DUXel+30 T

SEPTHO ge8a)
TSR gewsa
TTENTRT
Rhaalla sl et
i
TWOTCD TRILSNG SUTSA |
(2)SUTEID AUTD ASNOIGTJ
*3BUD IO SQOUSIINSIO DE3RTOST TTRNS $65¢ ICSUTEID-BUTS et ON LE03
IIInCICA NUWIEESHS |
‘ZzIS TITLE AZSA 2D z
STCERUSTRAUTASTD 20U =Xe sureab [Ie 3soy  "sutesb STORUSTRHBUTISTINT pUR AT I2UD UTERUC
T 30 SOTRLOU XRTOOITS TSTM SSRUMMOID 3I9U0 pus s32UcqIed TOUTRID-3UTT ASSs ATTINUWTIS 3738
TS
SOPTITNS+E3TAOTY
‘gaTtaede ATOSIOODY  CSBpTHOS-23 IO SUCTIRIGUESSUCD UR
seid 200 AQ OTURUSTNBUTLSTP SX2 9I0deT TenpTATpUT tue ponissald sT butasley
(syenTedoTp JURBUTIISITY IO SuTexd aded o4 A4Sy SOPTHC-3] puR O3TIOTHD
‘znzEnd JO ATTRTIUSSSD PESTICGUCD PRUTEID-SUTY ATSWeSAMD [ST2IUICU 25130Td coo
. YOTIRR0A OO0
SITIOTLD XOUTUHSHTUCISETTICH
by
onTIoTLDvERTRND
Z3Xenbras TUCYSeT T2 TOTED

TOOEIURTIO T HOOX ST

Firr o T S TAOT NSITRTTE

ASRTTOM SUTSA

opTsdoTPHO3 TICTUSHZ2 TEN+85 TU

TSRRIITNS POIRUTWESS I ‘BuUTppeC TEUDTIC ST T087I8a suteab
o Aarzolew ey} oSTIAWCD SARTO puR SRTTOUILSE SBpTHC-od '23TI0TUD O
tsnonooTen FAUCDSOTEUD /Zaenh peuTeIb--oUuTI ATSUSILNE {TOIUI0y S3T30Td




(11)

ﬂ 'ZRTEND pue SIPTHO-S] TUE S3RUCGIED OTITIOTY olCl e IO POSTIAUCD m w
n ©ig Seede ISR TAnon0 suTeab sleucqIes TeIpsuue ‘ebieT JO SEaxy  Ssuoz uamcsh (a;.rqnu | “
w buoTe BUTIINSOO UOTREIe3 TR oPTXO-83 SEY BJTUCTOD /[RIpSUN® /peUs?  *u¥OOI S H i
m BT SSTACWCD S9PTINC-37 PUE zixenh pue 3TUoToDR DEUCZ fTRapeyns fsleucagiz) umw,u i ooz |
i INOLSTNT” M
W (&) AeTo swos sdeyasd STOOTU-Y ASIE-YORTE Due JULTT pezTael
m UBeh-moTTas ASnoaqTI ‘eTgeTITIuSpITUN TSUTRIL Z3IemD Syl IR Usasdag ssozds usdo
W SPPIXC-o4  *suUTeAb zizenb yo dnoib e punoiins ATeAT3US UyDTum sesae shxer AT
: U9930 9370T8D  "3I9UD JO sjuswbell 818X ‘OSTy  fzaTerd oyl womMged seceds usde Sut
; SR BUCHAED TRATOUUR U3TH 3OO 8yl Jo A3txclew suyy sstxduco suterb zizend TeIpayUR Cuilia
| ALIZ
m *SUTBAD 250
| SUt SPHNOLANS pue £3001 2ITIUS BU3 SUTDA TUR XTIIoW gaw J8pTds oz SOPTHS u
w SLOUDSST plR SOTIEpUNC STqRYSTRDUTISTRUT aavy sutesd zaTend  *Inooo BABUCCLTED |
M JeTOUDSAIL  (£)33T30TY pue o1t [ACDSTIE ZCUT 320X =un 30 A3tac( e SETIAUC
| Tenbe Arenmurxoxdds Ut sepTxo-ag pue fO3TIOTUR ‘enzenh AT mmjtnm xd fsnTzarent Tuve
_, UHNHM 7
: mruprwums®h4C4awu &b¢)wuw0a4+rakm TSUTS |
w 24 pue S3T7I0Tq IO UoT 3 A |
; pOMIRL Juesaxd sIv S9aN3onIls ATTIUsuTnes .HOMM4J: Suo {G-S T
q TILTROTY UMOAg YXep pue ‘xedspTel fzaaond AToumIgxe Jo S | teret
~ !
h "SECCITEED DUE ToXSITUTie o] TSluURDRI; wWhienouTtyoe Tsumas e
M "OT3IES SnOTARAd BUY UT Se JURpUNgR Se Lou ING UCUoD 212 a
i TORIOTRD Axxeds o seyojed eiwx Me] B pue zixerh Azxasyo mo say A
| PIHATG pOUTREID-SUTT X0 DTRTAOTW JO DPISTILND ST ssvumunctd 2IT7ug TyEsd
o *Sjusbeil T1Se
“ Ausa pue soTnoTds ‘spodot e ‘RIS TUTURICT 3O SPUTY SNOTsunU ‘Spod
, S3T0T
: OACU IO SESle puR SRBRUCIED DTITIOTW SICW JO SPolv HUTMOUS poslossd T 1
| TS3IUSWDRII [TSSOI SHGITWAN UITM suTeab sgp c@ms@) DOUTEID S5XRCO-UNTHS {OUCISSWTIT SNOI mMaﬂﬂmrom Qi TAT
! IOLSEHIT XAFTIVA DIVT INTd uEvoT |
\ TOLTS UT STURTIBA ATSULI mm_
exe pue g ATsnewTxoxdde 9STIAUCO SUTEID @3pucqIe) .wﬁamxr mmwaou+uo UDoen

TSUOTSNTOUT TTBWS AXSA U3Ta

I+
m?

Dgsnp sIe mﬂ;,mm.ﬁﬁo oG eUCqdiIes oul, " SUESh



n
:“I
O OIS ]
) = ,(‘j -
o 51
a CX L r’% 8 ~ 0
[ O 9 T é it Qg
a . - P A c 43
3 e o a4y ¢ o o
w1 O 1§ 9 - £ a0
s 0@ sL! QO
. Boaon ~ e RS IS w4 O Ly
® a e -l Sy e Ol 4y o
[Z AN R i 0o oy Lo
1l A0 W 1 O e Yt 4]
0 oo 0. W oQ O o
[OFES S ) LY Lo~
o L e - @ lre - w0 N
- o E Q0 Q 0 O o on
o] O 4 4 - 13 s () by erd
4y T4y a0 ﬂg Q) uy a4
o m b ooup o oy D ot oo
o) A '8 3 oa e T O b
g i = % boe = "a) w Q ) 0w
t 0T C Ly @ oM Qv
- ol o SR G W L0
3 w4 0 St oo 1 peoa
3 . rd - 43 o |
= oom o Rl o} 04 Q0w Qo
. Q) Do © a2 o 0 O
Yq N M 5y e ! B s H MmO o
0 42 RN X - [ONRS QWS
i oA b - o &3 o 1 0 W
U o 00 O golts E Y o o
43T O Yy U 3o Q)
e O Sy 4 = w @ O S0 0
& 0 Ug O 0 i I @ S R
Guy L & RIS B S I S
— 0 [ H 4y Q 4 (@] RN GIE
Q i {: e L)) e {oIE N ¢!
o .Q 5 o b SR e T S § R ug
) oo oo O-A w QY o
T e (ORI -y O I 0,0 O
- .Q w4 © D0y oW d g
L O Qo o 4 ~ £
SIS . Z a = Jﬁ Q e oo~
a0 o~ n @ 1) Ay RS IR
0o 4 o 8 e ISR ;P
| SELO ‘j + a ul Q) L0 g
S Q- eI S i U I o [ IR PRt C;
{ 0w o 2080 wd o MO D m
@O 0, 0 ¢ Q- O
I >0 0 @ B u:xclg 43¢ 0
i —~ 1 a3 4 EJ U3 Q T~ y)
~ L oo wa D D oA @
— O % QO 4 oo
Jragpent N 5 0 ;:t*g D 3;;‘5@ ")
= W 44 - 4 - o=
fﬁ Le] ] 1(1% 45 el i & o Q
gl Ogigl B O o-0e 0ol
La U (o O N o] - Q) O
s, ~ AL edl oo Qs O oa
oo T3 0, ¢ oW O o w03
mnom ORI TR R I 4 | S; o n o0, b
e L1y e n a oG 0O ~ 0
Q Bz BOwg] el Ql o S A
Pogio £ 04 Q M oy O O o by
DS 0 n o O - O Qi b P
e e e B ] D D . 21 4 w o
E] OO T @ YR B W IS+ TR Pl
-4 M ey W Ty 0 9] oAy o
b e et |0 ced U IS Mot T3y e )
s ey ey al . l vl - SIS I I O -y o0y
CY 0 S0y e G S0 -] . - 0D»m Ly -
AUk e e wal W, na g8y
0 o)l e - = ) g = O -1
o E’% A Qg 4 ) - a ooQ, e Fj -
S el o0 51 e oo ko o0 N
PR e I R T B B P a0 0
sl P w1 vofn woa 00 L
O o Gl O, -~ Q- Q ol LS ey
R o I B S N N ) 4 wbet gy 2
Eroad G Q el 4D ~ 0 EAN S RN ol )
e | S @ BT R 0o m o0
=y Lf,)) 9] F] 4 g) %ﬂr L; &L; 2 e > 0o -
L S Moty OO Lo [ S R PR | n
Yo Q1 r;;wcf Gz & G -+ 0 * Dabhoe s
= O f"_(, [V o Wiy LN Mo B Uk Ty
m Wi, O OO @ e 0 e et
PRI U B e ] (ORISR S X [ B W T B
Ll o al™ S0 . Q17—+ cloowed 0L
AT g e @ O Ol Q) @« 3R O n 0
o B e B O e S B /= & RS (s
pRR =R = (8 QS e o QP Qs O
& 0 Ol § N 0 O RSN (R I el s o
Lot ey M H 4 QU T o Uy oo
{24 8 Qle, O el @ O el Qi O o o oo
e} ORI S I ST iy © i DI 3@ 8 o,
-
I oY o <y
r~ ot ! ! !
oy - Fny oy —
= ED & & &)




(TTa)
APPENDIXY ©7T

Samples For Fluid Inclusion Study

ok a

Samples used for fluid inclusion study came from the
Continental open pit and the #3 ,IQEL. Samples 1n which the

inclusions were too small or optically too jelolote for
effective study are not included in this 1list. Samples
GTl~1 and GT-4 were collect e& from undevground workinags by
st if genloglsts Stratigraphic formations, locations, and

mine coordinates were obtained from mine geniogists

GT-1 Garnet-magnetite-pyrite-chalcopyrite skarn. Both red
and green garnets occur and commonly garnets exhibit a green
interior which is highly fractured and a red-orange exterior
which 1s extrenely zonad. BEuhedral~subhedral garnets
range in size form 2-6 mm. Predominately magnetite and
to a lesser extent pyrite and chalcopyrite replace gaynet
and fill interstices. Secondary calecite also £ills  open
spaces bDetwesan garnets.

GT1-1 Garnet-magnetite-pyrite- CHQACODyIltP skarn. DBoth red

and green garnets occur together in dppLOklmatP]y equal
amounts. The garnets are extremely zoned on the outer edges
but are massive towards the interior where they are
extremnely fractured. Garnets range in size from 8-10 mm.

Magnetite and to a lesser extent opyrite, and chalcopyrite
locally replace garnebts and fill interstices

GCT-4 Gdlﬂet“mdgné,LtP~PYliiP"CH&!PODylltﬁ skarn. Red and
qrf'l?n garnets occur Loqc*tnur, commonly  exhibiting green
fractured massive inteviors with red-orange extremely zone!
ew*erior. The massive interiors of most of these garnets
contain abundant diopside and some chlorite and calcite
inclusicons. Garnets range from 8-10 mm. in size. Magnetite
and to a lasser extent pyrite and chalcopyrite renlace
garnets and f£ill interstices Dbetween garnets. Secondary
caloite coats and fills spaces between garnets.

G’_l‘~‘3 Garnet skarn. Large, generally euhedral green garnebs
between 5-30 mm. in size occur with minor magnetite and
secondary calcite that commonly coats the garnet crystals.
The garnets exhibit a wmassive, highly  fractured interior
with an extrewely zoned exterior.

CLV-H-48 Ore =zone, Hanover Formation-Quar tetpyritetchalco-
OYL1LG4MdQWPLJVL vein annroximatwly 1.5-2.0 mm. wide that
irregularly cuts the massive nagnetbite e-pyrite-chalcopyritet

limestone skarn.



CLV-H-48D Ore zone, Hanover Formdtiom«ﬂwart?¢pvriﬂ@+cha1c0~
p????g_mﬁd(“ ctite ocour tegether in a vei, approximately 2
2.5mm.  wide. The vein forms an extreme 1\ irregular contact
and cuts the massive magnetite-pyrite-chale

skarn.

I

copyrite+limestone

28 Garnet skarn Syrena Formation- Quartz vein with
Hgﬁnc lte concentrated toward the margins of the vein and
sparsely occurring within the vein is anproximately 1.0 .
wide and cubs massive red-garnet  skarn in  the

Syrena
Formation.

CCF-22 Extremely granular and sheared Quartz+pyritet+chalco-
pyr]te+magnet1tg vein and veinlets cut the hornfels Colorado

Formation. These irregular veins range in size from 1.0~
3.0 mm. in size.



Sample

GT-1la
GT-1la
GT-1a
GT-la
GT-la
GT-la
GT-1a
-GT-1a
GT-1la
GT~1la
GT-la
GT-1a
GT-1la
GT-1a
GT-1a
GT~1la
GT-1la
GT-1a
GT-~1a
GT-la
GT-1a
GT~1la
GT~1a
GT-la
GT-1a
GT-1a
GT-1lc

GT-1c
GT-1c
GT-1c¢
GT-lc
GT-1lc
GT-1c¢

Gr-1lc¢
GT-1a
GT-1c¢
GT-lc
GT-14
GT~1d
GT-14d
GT-1d4
GT-1d
GT-1d
GT-1d

INDIVIDUAL

Homo .
Tenn.

228
229
247
225

179

256
283
261
249
260
236
289
288
292
266
205
208
220
215
223
235
239
234
241
233
222
233
236
258
245
221
271
205
289
2473
251
234
207
255
250
243
247
238
230
258
248
248
248
251

}q Wi
% Nall

18.36

12.30
17.46
183,36
18.79
13.79
17.92
16.04
17.00
16.04
17.00
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STON MEASUREMENT

1

Gr-14
GT--1d
GT-1d
GT-14
GT-1d
GT-14
GT-14
GT-14
GT-1d
GT-1d
GT-1d
GT-14
GT-1d
GT-le
GT-1e
GP-le
r‘rn " e
T-le
GT—le
GT-1la
GT-1le
G-l
GT-le
GT-le
GT~le
G-l
Gt-1e
Gr-le
GP-1le
GT-le
Gr-le
GP-le
GT-le
GT-1le
GP-le

GT-le
GT-le
\A_)'i‘"-' 1 (&
G-l

G-l
GT-11
Gr-11
GT-1f
Gr-1f
GP-1°F
Gr--1F
GT-1¢F
GT-

GT~1f

Sawmpre

Homo .
Temp.

154
160
217
150
175
120
198
2472
256
201
260
372
167
220
224
232
220
242
194
221
224
224
221
214
224
208

204
208
210
222
189
214
233
205
244
247
193
199
210
167
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256
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GT-1¢
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GT-1f
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GT-1¢
GT-1f
GT-1f
GT-1f
GT-1qg
GT-1g
GT-1qg
GT-1g
GT-1lg
GT-1g
GT-1g
GT~1g
GT-1g
GT-1g
GT-1g
GT—~1q
Gl-1g
GT=-1lg
GT-1g
GT~1qg
GT-1lg
GT-1g
GT=1lg
GT-1qg
GT-1lg
GT-1g
GT~1g
GT-1h
GT-1h
GT-1h
GT-1h
GT-1h
GT-1h
GT-1h
GT-1h
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GT-11
GT-11
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GT-11
GT-11
GT-11
G117
GT-11
GT-114
GT-11
GT-11
GT-11
GT-11
GT-11
GT-11
GT-11
G111
GT~11
GT-la
Gr-le
GT-14
GT-11
GT-1¢
G=-11
GT-1le
Gl-1c¢
GT-1e¢
GT-la
GT-1a
GT—-1a
GT-1n
Gr-Le
GM-la
GT-1a
GT-1h
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sT—1c
3T-1e
T-le
3T-1c

3T-1c

Sample

GT~4a
GT-4a
GT-4a
GT~4a
GT~4a
GT-4a
GT-4a
GT-—-4da
GT-4a
GT-4a
GT-4b
GT-4bh
GT-4b
GT-41
GT-4h
GT~4b
GT-4b
GT-4h
GT-4b
GT-4h
GT-4h
GT-4b
GT-4
GT-4h
GT-4a
GT~4a
GT-4a
GT-da

266 10. 24
261 —
265 —
264 —
239 -

INDIVIDUAT

Homo. Eg. wt.

Tenp. % NaCl

199 -
265 -

258 6.43
255 7.85
261 7.85

259 —
250 85.13
255 7,85

259 7.5¢
452 Q.07
410 7.58
272 -

254 4.51
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P ois
P ig
I is
Pois
P is
P is
Pois
P is
Pois
P ois
P is
P ois
P is

Poig

1S
P ois
P ois
v o2?27?
AV
’
o)
le

Yo )

Gr-lc
cr-1la
GT-1lc
GT--1¢

.,
ey

R S O
[

DY R Lo BS

'S
o
N

Y

bt et et ]

oo 0!
T
(\'\"
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GT-4

GT-4b
GT-4b
GT~4Db
G40

GT-4D

GT—4D
GT-4b
GT-4c
Gr-4c
G1-4c¢
GT-4cC
GT-4c¢
GT-4¢e
GT-40
GT-4c¢
GT-4¢
Cl-Ae
GT-4de
Gl-de
GT-4de
GT—-4e
Gr-de
GT-4a
G'l'—4a
G40
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P, wt.
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Sample  Homo. bBg. wt. Incl.
Temp.

GTl-1la
GTl-la
GTl-1la
GTl-1la
GTl-1a
GTl-la
GTl-1la
GTl-1la
GTl-1la
GTL~-1la
GT1l-la
GT1L-1b
GTl-1b
GTl-1b
GT1-1b
GTl-1b
GTL-1b
GT1-1h
GTL-1b
GT1-1b
GT1l-1b
GT1l-1b
GTl-1b
GTI-1b
GTi-1b
GTl-1c
GTl-1c¢
Grl-ic
GTl-1c
GTl-1c
GPl-1c
GTl-1c
GTl-1lc
GTl-1c
GPl-1lc
GTl-1lc
GTl-1lc
GTL-1lc
GTl-1c
GTl-1lc
GTl-1c
GTl-1c
Gl —-1e
GTl-1le
GTl-1c
GT1-1c
G'Tl~1c

156
147
263
274
300
305
309
264
366
281
282
363
207
157
215
306
194
204
189
210
204
259
239
203
214
359
354
400
2672
251
268
2772
235
236
245
245
246
246
251
250
244
247
I E
235
233
259

v
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INDIVIDUATL

(TTTel)

FLUID IWNCLUSLOHN
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-1

- Sample

% MaCl type

19.13
17.92

12.65

7.85
11.83
11,71
12.07

4,63
13.99
14.62
12.99
13.10
13.10

9.60
14,20
12.88
12.88
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9.94
10011
D08
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GTl-1lc
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GT1l-1c
GPl-1e
GTl-1c
GTl-1¢
GTl-1c¢
GTl-1c¢
GTL-1la
GTL-1o
GTL-1lc
Grl-1l¢
GTL-1c
GT1-1d
GT1~14d
Grl-1d
GTl-1d
GT1L-14
a7l -1
GT1-1d
Gl -1
GT1-1d
GTL-1a
GTl-14
GTL--1d
GTi-1a
GT1-1d
GTL-1d
GTl-1d
Grl-1d
GTi-1d
GTl-1d
GT1l-1d
GTi-1d
GTi~-1d
GTP1L -1
GTl~1le
GPl-le
GT1-1e
Gl -le
Gl -1
Gll-1ile
CTl-le
GTl-1le

MEASUREMENT

244
252
235
245
258
243
249
253
244
249
247
255
256
238
274
208
M7
325
435
435
220
266
307
384
367
2472
274
317
2473
266
357
345
323
275
255
274
247
276
291
2620
191

221

212
192
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Towo. TEGS we
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GPl-le 295 —— P ig GTl-le 361 —-—— P is
GTl-le 291 ——— Pois GTl-1le 331 —-—— P ois
GTl~le 286 ——— P ois

TADIVIDUAL PLUID [HRCLUSTON MBEASUREMENT

. r
G5

Qaane Tono. mq Wt . Incl. Sample Homéﬁwwﬂir Wt. Tncl.
Temp. % Nacl type Temp. % Nacl type

GT-5a 242 - P ogp GT-5h 244 9.2 P ogp
GT-5a 331 - P is GT-5b 241 2.34 P ogn
GT-5a 327 - Pois GT~5b 247 9.21 P ogp
GT-5a 352 - P is GT-5b 263 - P ogp
GT-5a 256 10.86 P is GT-5b 253 16.24 P gp
GT-5a 252 e P ois GT-5b 250 16.24 P gp
GT-5a 251 9.88 P ois GT-5b 256 - P oap
GT-5a 243 9.98 Pois GT-5h 262 14.41 P ogp

3T-5a 251 - P ois GT-5h 245 10.24 P ogp
GT-5a 242 921 P is GT-5b 250 — e P gp
GT-5a 245 92.07 P is GT-5b 234 10.24 P gp
GT-5a 252 8.67 Pis GT-5h 247 10.24 P go
GT'-5a 266 8.81 P is GT-5h 252 — P ogp
GT-5a 263 8.67 Poig GT-5h 252 10.24 P gp
GT-5a 252 8.67 P is GT-5b 242 9.86 P ogp
GT~5a 255 e P ig GT-5h 253 8.54

gp
GT-5b 311 11.95

147]

GT~-5b 241

© pde bt pde e bde bele bde pde fdu e b
(el o B

P 15.24 ap
GT-5b 237 10.49 Pois GT-5h 242 10.24 P gn
GT-5b 311 ——— P is GT-5b 235 8.81 P gp
GT-5b 257 11.47 P is GT-5b 246G 5.81 P gp
GT-5b 258 15,65 P oig GT-5%¢ 251 o Dois
GT-5h 276 e P ois GT-5¢ 263 —— Poig
GT-5h 312 —— P oig GT-5¢ 267 e Doisg
GT-5b 272 12.30 P is GT-5¢ 246 —— Pois
GT-5b 289 12,19 P is GT-5¢ 232 9. 34 P is
GT-5b 266 11.59 P is GT-5¢ 335 11.59 S pl
GT-5b 232 ——— P ois Gr-5¢ 206 9.73 S pl
GT-5b 259 13.99 Pois GT-5¢ 248 10.24 S p1(?)
GT-5h 157 ——— S is GT~5¢ 256 8.67 S pl(?)
GT-5b 161 112.88 S5 pl GT-5¢ 263 — P ois
GT-5h 189 13.66 S pl GT-5¢ 243 o P is
GT-5b 184 12.65 g Gr-5¢ 267 - P is
GT-5b 163 12,88 3 GT-5¢ 255 10,62 P is
GT-5b 267 ——— Doy Gr-5be 2472 Pl.47 P is
GT-5h 265 e Poig GT-5¢ 226 1,41 P s
GT-5b 260 e P ois G5 269 - Pois
GT-5 221 11.95 P 1s G5 270 9,73 P is
GT-5h 222 11.83 P ois GT-50 255 e e JER
GT-5b 234 10.62 P is GT-5¢ 234 9. 34 P oisg
GT-5b 230 10.62 P ois GT-5c¢ 255 9.73 P ois
GT-5h 233 10.62 P is GT-5¢ 248 G, 34 Pois
GT-H1 252 <o Py Gr-5d 327 - Doy



GT-50
GT-5b
GT-5b
GT-5b
GT-5b
GT-54
GP-5d
GT-543

Sample

CLV-11-48D
CLV-H-48D
CLV~H-48D
CLV-H-48D
CLV-H-4ED
CLV-H-48D
CLV-H-48D
CLV-H-48D
CLV-H-48D
CLV-H-48D
CLV-1-48D
CLV-H~48D
CLV-H-48D
CLV-H-48D
CLY-H-48D
CLV-H-48D
CLV-H-48D
CLV-H-48D
CLV-H~48D
CLV-H-48D
CLV-H-48D
CLV-H-48D
CLV~H-48D
CLV-1-48D
CLV-H-48D
CLV~H-48D
CLV-H-48D
CLV-H-48D
CLV-H-48D
CLV-H-48D
CLV-H~48D
CLV~H-48D
CLV-H-48D
CLV-H-48D
CLV-H-48D
CLV-H-48D
CLV~H-48D
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INDIVIDOAT,

Temp.

409
465
312
375
245
354
298
406
489
504
424
459
464
254
353
349
404
4772
403
401

429
432
394
398
4272
189
334
181
183
180
362
368
246
361
350
362

350

9.47
35.50
16.91

8.13
23.15

2.06

+7.1

+.3

(11

is
1s
gp
(:} })
ap
ap
gp
qp

1)

G-
GT-5d
GT-54d
GT-5d
GT-53
GT=5d
G-

476
296
291
305
304
318
314
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CLV-1{-43D
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T Homo L Eo T wel T el T
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5
5

a7

cpb
cph
cpb
Cpb
cob
cpb
cpbh

CO2?
CO2
coz?

Sampie

CLV-H-48D
CLV-H-48D
CLV-1-48D
CILV-H-483D
CLYV~-H-48D
CLV-11-48D
CLV---48D
CLV~-11-48D
CLV-H-48D
CLV~U11-48D
CLV-H-48D
CLV-1-48D

y CLV--11-48D

CLV-H-18D
CLV-H-48D
CLV-H-48D
CLV-H-481
CLV-H-48D
CLV-I1-48D
CLV-H-48D
CLV-11-48D
CLV-H-13D
CLV-H-48D
CLV-H-48D
CLV-11-48D
CLV-H-48D
CLV-H-48D
CLV-11-48D
CLV-H-18D
CLV-11-48D
CLV-H-48D
CLV-H-48D
CLV-H=-48D
CLV-H-48D
CLV-H-48D

C Homo. R o,
% NaCl

Temp.

349
361
384
392
347
353
449
193
361
213
218
309
428
398
4473
358
384
203
305

313

208
116
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Samp le

INDIVIDUAL pLULID ITRCLUSTON MIASURUIMENT

C-28

Homo. Eag. wit.

Tenp. NaCl tynpe Temn. NaCl
449 10.49 Y C-28 289 17.65
4482 10.49 \ Cc-28 2972 18.79
452 12.88 v C-28 223 -
255 1.56 L C-28 428 e
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A46,00%
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38.00
33.00
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38.00
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INDIVIDUAL FLUID INCLUSTON MEASTREMENT
CLV-H-48

Sample  Homo. TEqCWE. Tieer. T Ex mpie Homo. ol WETTRETT

Temp. % NaCl type Tw\pm B Nacl e
CLV-H-48a 357 ——— L CLV-~H-48h 4 9 1 - L
CLV-H-48a 559 ——— \Y CLV-11-48%h 487 - \Y
CLV-H-48a 477 ———— L CLV-11-48% 435 e

CLV-11-48a 534 S v CLV=11-481 420 Y
CLV-H-48a 3172 —— L CLY-1{-48h 419 - \Y
CLV~H-48a 423 —— v CLV-H-4%b 475 ——— \Y
CLV-H-48a 408 ——— Y% @;v~u 485 434 ——— \Y
CLV-~H-48a 393 —_— \Y CLY-H-48h 2235 - I
CLV-H~48a 416 ——— Y% CLVnH~€ub 451 - T
CLV-H~48a 403 ——— v CLV-H-48h 457 —— v
CLV-H~48a 267 — L CLV~H-48Y 473 S I,

LV-H-48a 500 —_——— Ay CLV-H-4Bh 497 S Y
CLV-H-48a 262 - 1, CLY-H-48p 434 — v
CLV~H-48a 323 —— L CLV-H-48h 37} — I,
CLV-H-48a 530 —— v CLV-H~48h 365 —— i
CLV-ii~48a 531 - —— v CLV~H-48h 422 —— Y
CLV-H-48a 395 —— Y CLV-H-48h 340 S I
CILAU~H-48a 434 _—— Y CLV-11-48%h 218 —— L
CLV-H-48a 283 ——— S CLV~H—48b 344 N I
CLV+H-48a 416 — Y/ CLV-H-48h 451 - \Y
CLV-H~48a 403 ——— £ bewum,gn 487 e v
CLV~H-48a 389 —— I, CLV~-H~-48h 432 ——— v
CLV-H-48a 517 _—— \ CLV~H-48bh 424 S v
CLV-H-48a 359 _— T CLV-H1-48%h 412 - Y
CLV-H-48a 353 33,50 L 8T CLV-H--48Y 264 — v
CIV-H-48a 476 — \Y CLV-H-48% 215 ——— 1,
CLV-H-48a 495 ——— v CLV-11-48h 264 —— v
CLV-H~48a 534 ———— Y CLV-1-485 240 ——— I,
CLV-H-48a 483 ——— \Y% CLV- h—x%b 240 — L
CLV-H-48%n 329 e I CLV-H-45h 241 ——— 19
CLV-H-48h 472 — v CLV-11~ ﬂ@o 239 —— 1,
CLV-H~48bh 435 —— I LV-H=-480 289 — I,
CLV-1-48% 415 —_— Y CLV=-H-48Y% 378 — v
CIV-H-48nh 463 - \% CLV-H-48nh 462 e T,
CLV-~-H-48h 482 —— \Y

CLV-11-481 374 S v

i

CLV-H-48h

454 - L CILV-11-48% 448 - Vv
CLV-HN-48h 456 — Y/ CLV-11-981, 418 — T
CLV-1-48% 390 36.50 L ST  CLV-H-481y 418 —— Y
CLV~H=-485H 413 ——— \Y CLV-i-12) 423 _— v

~48H 438 - v CLV-H-480
CLV-H-48b 418 ——— P CLV-1-4 8

FaN S N~
(SIS
A N
i
i
<<

CLV-H-48n 411 - \Y CLV-11-480c 41 - \Y
BRUAVES R EY: 205 - I CLV-1-d80 428 - I
CLV-1-18 1487 e Y CLY-T1-18¢ 408 f
CLV-H~18 403 e \Y CLV-11-48¢ 374 - A



CLV-H-48c¢
CLV-H-48c
CLV-H-48¢
CLV-H~48¢
CLV-H1-48c
CLV-~11-48a
CLV-11-48a
CLV-H-48a
CLV-H-48h
CLV-H-48b
CLV-H-48Db
CLV-H-48b
CLV-H-48b
CLV-H-48b
CLV-H-48a
CLV-H-48a

Sample

CCr-22a
CCF-22a
CCRP-22¢
CCpP-22¢
CCr-—-22c¢
CCr-220
CCF-22¢
CCr-224
CCR-22d
CCk-224
CCr-224d
CcCr-224
CCr-224
CCpF-22d
CCF-22d
CCr-221

W G0 I W N RO R s W W

SR I0 W WO O WA
O DN NN WO D — —

3]

258
257
322
235

269
302

325

242
265
248
311
315
303
550
194
418
234
231
229
225

+1.4

% NaCl

- I
——— L

32.50
32.50

Fed g P

- L
47.00% 1,
47.00% 1,
45.00% |,

_—— e

-— 1

19.21 1,
33.00 L
40.00/340L
40.00/341L
37.50 L

CLV-11-48a
CLV-11-483a
CLV-H-48a
CLV-H-48a
CLYV-11-484
CLV-11-48c¢
CLV-I-48¢
CLV-H-48c
CLV-1~48c
CLV-H-48¢
CLV-11-48c¢

L CO2 CLV-1-48c

L CO2

type

ST

E'; r’[l

ST

s

a7

S r‘{'\
ST
57

(; m

a
(,]

© Homo. Eq. wt. Inél.
Temp.

22

Sample

CCr-221
CCr—-22h
COE-201h
CCH =221
CCr—-22h
CCF-22h
CCF~-22N
CO--224
CCI--22nh
CCE-22h
CCF—-22h
CCF-22h
CCR-22n
CCF-22h
CCHF-221
CCp-224
CCR-224

352 +2.1 1,
364 L ,
327
440
262 — r
204 —— T,
325
486 e v

4724 i ¥

261 . 11 S

513 - I,
269 e L

INDIVIDUAL FLUID INCLUSION MEASUREMENT

CCR-

‘Homo. Eq. wt. Incl.
Temp. % NaCl tyoe
387 s 5
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Abbreviations

primary fluid inclusion

secondary fluid inclusion

a fluid inclusion that homogenizes into a liguid phase
a fluid inclusion that homogenizes into a vapor phase

the fluid inclusion contains a C02 phase

an isolated fluid inclusion that does not occur associated
or near to other similar inclusions

a fluid inclusion that occurs on a growth plane in a garnet
mineral and therefore is assunmed to be of primary crigin.

a fiuid inclusicon containing a daughter salt in which the
salt is NaCl

daughter mineral present in the fiuid inclusion not
including NaCl or magnetite davnghter minerals

several daughter minerals present in the filuid inclusion
not including NaCl or magnetite daughter minevrals

daughter mineral present in the inclusion is identitfied as
magnetite .

daughter mineral present in the inclusion is identified as
hematite

the fluid inclusicn did not homogenize before 550 or 600
degrees (C) and therefore the homogeniztion phase is not
known :

the fluid inclusion did not homogenize by 5530 degrees

the fluid inclusion did not homogenize by 600 degrees

the fluid inclusion exhibits critical point behavior

refers to the last melting temperature which is above zero
and therefore the equivalent wt.% NaCl is not determinable,
usually refers to C0O2 inclusions.

refers to high salinity inclusions in which the NaCl crystal
remained after the homogenization of the vapor bubble.

a number after a slash mark refers to the temperature at
which a dauvghter mineral disappeared, probably this ig KCL.

Salinity determinations for fluid inclusions based on the

disappearance of NaCl crystal are approximated using

using the wt.% NaCl curve by Keevil, (1942) and salinity
determinations from freezsing point depression was taken [From
Potter and others, {(1978)
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oley onol Cer3 CimM4a
Couc. Norm. Conc Norm. Conge. Norm. Conc. Norm.
La 30. 91.40 44 .89 142,72 167.8 487.1 3.24 8.39
Ce 58. 06 65.97 - 98..( 11108 282.5 321.0 5.46  6.20
Nd n.d. n.d. 40.83 03.00 B85.66 144.8 n.d n.d.
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Ce 5.12 65.82 38.92 4423 61,14 69,48 <5.67 6.44
N e .. n.a. n.d. ?6 92 G6l.53 n.d. n.d.
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T™h/Yh 1.47 2.72 .53 1.%5
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DO.95 210,83

2.2

13.66

475

2.39



I.a
Ce
N
om
B
Th
Yh
L
RER

Bu/Eu*

La/Yb
La/Sm
Th/Yh

La
Ce
Nd
sSm
Eu
™
Y1
T
RETR

Bu/Ea*

La/Yh
La/Sm
Th/Yh

La

Ce

Na

Sm

JOIRI

T

Y

Lu

RER

Eu/Eu*
La/¥Yb
La/Sm
Th/Yh

G113
Conc. Norm
38.21 117.03
154.0 175,00
47.97 79,87
5.18 28.64

.18 46,08
<.405 B.62
<.735 3.68

L1460 4. 30¢%

2498 463,2
2.88
31.180
4

3]
o
O
RE}\D

CDs525
Conc. Norm.
36.56 110.77
59.14 67.21
n.d .a.
7.57 1.81

2.99
<.748 15.90
3.34 20

G229
Conc. Norm.
36.01 109.1
60.71 68.99

.Ad. n.da.
.71 31.53
L.6% 23,97
L.13 24,04
2.99 14,93
L4640 13,65
108.7 286,72
L0568

7031

3.46

1.61

{(1ver)

G4

Conc.
20.58
21,02
45,17
5.69
2.10
<.558
<. 759
.150
156.

.21
n.d.
5. 7“

ot
[

[ 1
[So) m
BANES
s e
d

(SN
=N
a1
NS T

]“)4"\)(‘
Cone.
32.83
42,473
24,723
3.9%
. 749
.637

46
. 262

106.6

Norm.
7722
92.07
75.28
31.45
30.43
11.88
3.80

4.40%*
326.5
1.44

20.32
2.46

3.13

y oy

Ao

Norm.
114,27
77.51
n.d.
3L,
9.
20,00
T.35
7.41
268.4
. 351
15,54
3.61
2.83

0
Norm.
99.49
48,272
40.39
21,87
10.806
13.5%
7.30
7.71
249,73
L6221
13.63
4,50
1.86

ccr22

(“(311n_ . Norm.
35.06 106.8
6L.57 6997
24,372 40.54
6.03 33,32
2.1 31.45
1.15 24,47
2.00 9,95

LAT3 1214
132.7 328.1

CsY?2

Conc.
646, ¢
8453
254 .6
12.37
1.73
1.10
1.46
. 245
1763

19
2.45

27
Norm.
19258

9(_;1‘. D

4249
8, '3/1
25.07

Ty N e
L e 0

7.30
7.20
3474
748
268, 2
5.3;
12

ua;\,,;fu

132

Cono.
9.97
8.00
n.d.
2.54
.703
t“.()
1.12
e
2301

Norm.
30. 21
G.09
n..
tad. 06

CCv2

Cono.
18.70
16.99
n.cd.
2.58
.989
L5273
1.95
.218
A1 .95

3

16,
3.2
3.0
~t ot
63
.2

SO
I

*o

rane

.g
BNy b s

P34

Cona.
15.46
32.03
n.dq.
4,23
L7667
<.78%
2.55
- 331

56.13

Mo
46t

36, ¢



L.a
Ce
Ndd
Sim
Fu
Th
Y
L, \1

REE
Bu/Eu*
La/Yb
La/Sm
To/Ybh

La
Ce
Nd
Sm
Fu
Th
Y
T

.
RER

Eu/Eu*
‘La/Yb
La/Sm
Th/Yh

La
Ce
Ndl
Sm
mu
Th
AW

XD
Tz

REL
Eu/Bu*
La/Yh
La/Sm
Th/vDh

T)\)Jg)

Cone. Norm.
3L.20 94,53
65.45 74.348

n.d,. n.d.
4.47 24.71
728 10.55
569 12,10+
1.18 5.90

277 6,69

103.8 228.9
555
16.02
3.83
1.81

LVIMAOG
Cene. Norm.
4.63 14.04
6.99 7.95
n.d. n.d.
1.14 6,32
<.5%10 7.39
.45 3,009
<.467 2.323

Y

[N

<.074 z.LQ*

15.25 43,32
1.68
6.00
2.22
1.32

BQ4S
Conc. Norm.
14.40 43.63

36.00 41.02%*

n.d. n.d.
5.60 30.92
2.10 30.413
5.51 11.72
L300 11,50
L3040 1,049
65H.36 178, 2
1.52
3.79
1.41
1.02

(1vea)

FD37
Cona. Worm.
.74 5.37
<.59%3 6.74
n.d. n.d.
L0526 L0291

L5560 2,06
<L237 1.94
<L, 349 1075
102 3.0)
35.99 30 17

+

bl N S RS
Lo
O
L2 e N 02
Lt

—
et

PSA4)
Conc. Norm.
8.11 24.%59
13.11 14.91
n.a. n.d.
1.51 8.34
1.17 16.%6
<.Z248 5.29
<.467 2,33
Q69 2,02
4.68 74,44

y

y

bR G
-
kDU‘\)

\JU‘z:sw

b

ERPL4AG
Conc. Norm.

.47 34,96

.70 45.11

n.d, .a.
3.16 / 45
.50 21.74
.87 12.5¢
2.27  1%V.37
L2847
58,92 149.8
! 1.50
5.05

1.99

1.10

-
o

.—JDA/\-
C\

‘
[§
»,
f

L s

[

[
(@]}
64

7.
7.

1O
1

.

o
iy

AT
35.
23.
16.
68
00

50
25
Q6

6,20

2427

-y

. 808
L1.65

3.
1

5472

1

.10

Noxrm.
130.

98,

05

n.d.

30.
22.

94

Q.lé
6.30

.52
300

5

B2

20.

4

21
1.02

Md7

Norm.
7.76
6.92
n.d,

2.

21

7.0%
6.07

1.

95

26

33.22

>

[OS IR B
.

55}

.14
.97
51

.09

LAVLIT3O
Conc. Norm.
5.50 146,66
<.621 7,06
n.d. n.a.
L6500 3,589
.508 8.8
<L226 4 80*
735, 3.68
039 1.15
13.97 45.75

2.04
4.52
4.64
1.30

B43
Conc. Norm.
Q.82 29.75
25.07 28.49
n.g. n.d.
2.54 14,06
<.7B2 10,90
4.51  9.60%
.82 S.45
L2720 8,00

40.79  110.3

,‘\)(A}
.

. 1E
1:

\J J1

-
)
N

)

OS850
Conc. Norm.
1.68 5,09

<AL 475,00
n.a. n.d.
1832 2011
L7200 10.43
. 142 3.02
LO8B4 3470
L0680 1,99
3.10 21.08
4,17

1.

)
TR

.883



Concentratinns

Rb
Cs
3a
Sc
7y
HE
Ta
7Zn
Cr
Co
Ni
Pa

N

Rbh
Cs
Ba
R
LY
HE
Ta
VA3
Cr
Co
Pl
Pa
Np

5.48

<161.5

6.87
.78

CLHL2 CO

n.d.
n.d.
n.d.
<.4272

CRTQ20

n..
n.o.
G2.45

1. 3}

e

3.]5
0.20
..
1591
12.72
30864

2.10
.781

SR

o
o

1.0
n.d.
265.5
0.03
n.d.
5.74
2.69

3D1

L2

<20.8
n.d,
<A4 L6
8.66

Of Salected

-,
O

L A

SRS SIS AN
o e

e

.
.

By s 3

ek

~
{3
/

O
rl

s

LS BRSO RERS B o 5]

~~
(O]

o

O P LY e s

n.
61
7.
11

“
)

P3

Eate
et

N

[ XS NG T U5 B4

T3 1
oL

_,.4
rY Ut e

o8]

Lo

[ARRNS
L ~d

Ju——

Nl
~ UGy O

~J
o

k)

.
1.8
70
124

.06

CABOZT GTH

b
-
.

')

e

.
ey Ty
(DR ERGE
—

NB RGP EROS B

[

.

n.d

a4

0.64
..
1111
11.4
1525
15.90

5.59

!

n.a
1.1

< 5.

v,

1
L

(R

.9

27

(Va)
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Trace Dlements To
Crid CMAD
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L4750« 428 «.8322
n.d. Y.l n.d.
18 .H39 2.88
n.d. n.d. vt
n.d. n.d. 4.90
nLa. n.d. <, 210
12.82 <L.55 n.d.
15.43 n.d. 162.0
6.05 4.16 n.a.
<1H2.2 n.d. n.d.
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n.d. <. H78 n.d.
n.d. 611.7 n.d.
2.09 10,44 .a87
n.d. 402.0 n.d.
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42.53 1R.07 8B3.43
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.16 7.18 .494
18.99 4G 7.35
L L GIL [eN e
.o, n.d. rn.d.
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(V)

CCV23 ChS25 csyiL2? CEY227 28 (@IPRY PAG3O0 1132 P34
B n.d. 49,95 n.d. <36.81 n.d. 126,01 <B.08 <17.23 148.1
Cs 2.27 n.ad. n.d. n.d. <,943 <.567 n.d n.d. 1.63
Ba n.d. 75.66 n.d. n.d. n.d. 537.3 n.d. n.d. 6539.9
3¢ 3.93 15.75 16.05 16.74 3.87 5. 10 9.23 .343 18.80
Zry n-.d. «240.1 n.da. n.d. <287.06 n.d. n.d. m.d. «A417.9
Hf n.d. 6.23 5.03 3.80 2.47 5.25 434 n.d. 6.01
Ta n.d. n.d. 0.46 0.60 <0.19 0,20 0.36 <.328 917
Zn n.d. n.d. n.o. n.d. 1.21 n.d. mLa. o e en
Cr 141,00 56.65  158.4  174.4  199.3 102.4 ©97.06 <9.70 148.9
Co 89%2.4 7.67 36.27  51.94 15,42 9.82 1.93 «<1.49 6.12
Ni 634.27 n.d. 120.21 238.6 n.d. 19.46 134.1 n.d. n.d.
Pa 6.38 2.50 9,97 33.40 1.97 9,25 6.93 <.179 11.34
Np  2.69 1.73 6.16 6.46 5.99 2.39 3.09 L 208 3.54

PS36 D37 PS38  LVLIRS TwLMdAO PSA4l PS42 Baj3 BQ4AS

Rb 242:5 n.d. <26.42 <15.29 n.d. 23.8 286.4  106.8 30.05
Cs 13.71 <. 446 n.d. <420 <.,316 1.41 18.34 n.d. n.d.
Ba 446.9 n.d. 444.9  <36.55 n.d. 42,37 140.6 <97.24 n.d.
Sc 21.96 . 300 16.47 L701 . 148 2.472 23.03 40.5%1 4.84
Zr n.d. n.d. 540.0 n.d. n.d. n.d. 403.4 n.d. n.d.
HE 3.83 <.465% 4,99 n.d. n.d. L9323 4 .80 n.d. n.d.
Ta 851 n.d. . 840 rn.d. n.d. ol 0.61 .H4d -
AN e - e e 0.26 n.d. n.da. et -
Oy 122.72 n.d. 125.6  <12.46 <14.64 16.46 122.2 n.d. 116,05
Co 92.94 <.936 7.79 n.d. n.d. n.d. 15.28 61.57  ——-
Ni 57.34 n.d. n.d. n.d. 83.7¢ n.da. 87.05 n.d. 37.88
Pa 12.66 n.d. 10.77  .709 . 309 1.64 L1.5%3 1.3 3.06
Np 6.23 .693 2.45 . 595 83.53 L8112 5.56 1.01 1.74

EPLAG M4T 0550

R 20.91 . n.d.

Cs .394 <.464 <2806
Ba 173.28 n.d. -
Sc 2.56 . 602 202
Zr <156.5% n.d. n.d.
HE 3.34 <.5H41 -
Ta 0.14 n.a. n.d.
7n n.d. - ..
Cr 26.98 <1.0C8 24,60
Co 7.02 <.9006 1.56
Ni n.qd. n.d. 18.473
Pa 2.95 . 327 n.d.
Np 2. 19 724 2,73



(VIa)
APPENDLIY VI
History O0f The Central Mining District

Copper prodaction in the Cent
Lk

Mining District began
in 1804 and continued until the end of the 19th century,
with intermittent production due to numerous attacks by the

Apache Indians. The Central mining district, often referred

to as the Hanover district, was probably first organized in

L1860 (Spencer and Paige, 1935). The Hancover mine located in
the hanging wall of the Barringer fau'lt just soutlheast of
the present day Continental mice, was producing copper as

early as 1858, with a production of nearly 500 tons of
copper veported between 1858-1861 (Spencer and Paige, 1935).
The lron ore deposits in  the vicinity of Plerro were Ffirst

S

mined in 18¢1. The Hanover-Ressermer fron Association and

its successor the Hanover-Bessermer Iron and Copper COmMPAany
were the greatest producers of copper, lead and zine ore

{Spencer and Paige, 1935) ia the Hanover district Letween
1896 and 1931. The Hanover-Bessemer Iron and Copper Company
was later taken over by its parent cowpany, the !Inited
States Smelting,  Refining, and Mining Company, and  then
taken over by a subsidary, U.V. industriecs in the 19307g

In 1262, an exteasive drilling program in the aren  was
pegun and economic  tonnage was  discovered.  This dritling
proéram resulted in  the dJdevelopuent of  the pro

Continental underground  wmine and open pit. In 1279, the



(VI)
Continental mine was taken over by the Sharon Steel Company.
Presently, the mine 1is producing 750,000 tons per vear of
copper and iron from undergroun: workings and 1,700,000 ton

per year from the open pit (Worthington, pers. commun . )



The Sm valuss for samples MAT, PH37, D11, and CP1O0 of

the Montoya-Fusselman Dolorites are int

v pretad as
analytical error (Fig. VIT a) and therefore these data
points were eliminated and the Sm values were extrapolated
(fFig. 43). At very low REE concentrations, there 1is an
increased chance of analvtical error. Also, there were sone
problems with obtaining accurate Sm values from the INAA

equipment.

Sm and Th for sample CBQOL and Tbh for sample RO45 of the

Bliss OQuartzite are interpreted as analytical ervor {Tig.
VIT b)Y and therefore their REF  concentrations were

0]

liminated and their values were extrapolated (vFig. 49).
If there 1is no data point for a RED tisted (vigs.
i

38-52) this means that the value was extrapolated.
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APPENDIX VIII
MABS~VOLUME CALCULATION

Assuming that the intrusive is aporoximately 3.0 X
- PL -

1\.1‘13
Skarn extends outward approximately 0.8 kms
3 53 C.
Volume of skarn = 4/3 (R —§ )42 (divided by 2 because
4/3 (3.3 =373 /2 only using the upper
= 11.39 Xm~ skarn. halt€ of the intrusive)
. . - 3
Volume of the intrusive = 4/3 {r7)
- /= 3
- 4/3 (§ )
= 38 kn
If skarn formation reguired the addition of approximately
25% by weight SiO?, according to Barnes (1974) .09 wt.
% 810, can be carried in water at 340 C and 300 bars and
at 240 C (a drop of 100 C) .05 wi. % 5i0. can be carried
i r

A

Therefore Qdded Si0, to skagn is:
11.4 ¥ms™ * .25 *72.6*10 gms/%m~
= 7.41%10°

B . 1 al9
7.41%77/.0004 = 1.852%10 ams H,0 neccessar
to deposit’Sio, observ

Assume that the magma gave £ 7 4% H,O
Lo

'
38 kms, * 2.6%10 gms/km” * (04 = ©
=3.95 gms HZO K

This very approximate calculation indicates that

not enough water supplied from the magma to carry the
regquired to produce the amount of skarn present surrvounding

the Hancover-Tierro intrusive.

. Therefore, assume water deposited .04 eq.wt% Zi0.

there was

silica



This thesis is accepted on behalf of the faculty of the

Institute by the following committee:

DA VZW

Adv1ser
’/4 -;"l - /.*""' ) )l /'L\‘/
75 u_( ¢ C.

Aee 21, 199/

Date




