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ABSTRACT

The Ground Hog mine, located in the Central District of New 
Mexico, is a silver-copper-lead-zinc sulfide deposit associated with 
Laramide age granodiorite porphyry dikes. Because of a lack of research 
on this deposit type in the region, a study was undertaken to examine 
the mineralogy, zoning, and paragenesis of these ores. The upper por

tions of the mine contain sulfides as fracture fillings in Cretaceous- 
age sills and clastic sedimentary rocks; the deeper parts are composed 

of replacement bodies in Paleozoic limestones. The vein ores consist 
of a simple sulfide assemblage distributed in a gangue dominated by 

quartz and calcite. The more complex replacements contain sulfides in 
complicated calc-silicate-bearing skarns• These skarns are distinctly 

zoned: early pyroxene, garnet, ilvaite, serpentine, and amphibole oc
cur away from dikes, against fresh limestone; somewhat later epidote, 

quartz, calcite, hematite, magnetite, chlorite, and phlogopite-biotite 
are found inside this; and latest stage sulfide minerals occur immedi

ately adjacent to dikes. Also touched upon in this study were silver 
occurrence in Ground Hog ores, and zoning of ore metal ratios over the 
entire deposit.

viii



INTRODUCTION

The Ground Hog mine is a vein and replacement deposit lying 
within the Central District of southwestern New Mexico (see Figure 1).
A number of major ore deposits related to Laramide intrusive igneous 
activity occur in the area. Among these are the porphyry copper • 
system at Santa Rita, the replacement iron and zinc deposits of 

Hanover-Fierro, copper-zinc-silver ores in limestones around the Pinos 
Altos stock, and the base metal-silver orebodies at the Ground Hog mine. 
Compared with other major ore deposits of the Central District, the 
Ground Hog mine has received relatively little scientific study. The 
Santa Rita deposit (Rose and Baltosser, 1966; Nielson, 1968), the 
Hanover-Fierro ores (Schmitt, 1939; Kelley, 1949), and the Pinos Altos 
deposits (McKnight and Fellows, 1978) have been given considerable 
attention in the geologic literature. The vein ores of the Ground Hog 
mine were discussed in some detail by Lasky (1936), but at that time the 
associated replacements had not yet been discovered. Except for brief 
accounts by Lasky and Hoagland (1948) and Jones and Hernon (1973), 
very little work has been published on the Ground Hog replacement 
bodies.

It was the purpose of the research described herein to investi
gate the vein and replacement type by undertaking an examination of the 
sulfide ores at the Ground Hog mine. The results of this work

1



Figure 1, Map of the Central Mining District, Southwestern New Mexico,
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will be an addition to knowledge of mineralization in the Central 
District, and should be of value in further exploration there.

The study attempted to determine the mineralogy, zoning, and 
paragenesis of Ground Hog sulfide ores. Contained in the scope of 

this work was investigation of the vein filling minerals, both ore 
and gangue, and the replacement minerals, including those present in 
skarns associated with the sulfides. Alteration of wall rock adjacent 
to vein ores and oxide ores, found in the upper one hundred meters of 
the deposit, were excluded from study. (Accounts of these are present 

in Lasky, 1936.) Because of the need for work on the Ground Hog re
placement deposits, they were stressed here. In particular, studies 
of replacement ores in the Mississippian Hanover Limestone were 
emphasized, since these include the majority of the replacement bodies. 

Zoning of metal ratios was determined for the entire mine, and mineral 
zoning was investigated on the scale of individual orebodies.

Field work on this project was accomplished in a five week 
period at the Ground Hog mine in the fall of 1979. Most of this 
time was spent underground, observing the spatial relationships of 

the various rock types, and sampling them throughout the mine.
Pieces of drill core were taken in cases where a rock type desired 
was no longer accessible. Thirty-two thin and seventy-two polished 
sections were cut from these samples and were examined with the 
petrographic microscope. In some cases, minerals in polished section 
were analyzed with the electron microprobe to determine their com
position more precisely. Representative assays were gathered for the

3
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various parts of the mine from annual ore reserve reports. These were 

used to delineate the zoning picture of ore metal ratios for the entire 
deposit. Drill core assays were examined to help outline any zoning 
of metal values present within individual orebodies. This information 
was combined with mineralogical information gathered in the mine, so 
that mineral zoning of individual orebodies could be described.



GENERAL GEOLOGY

It was necessary to have an understanding of the general 

geology in the mine area before any interpretation of data could be 
made. Sulfide deposits at the Ground Hog are associated with a wide 
variety of igneous, sedimentary, and metamorphic rocks and with 
important structural features.

Stratigraphy
The stratigraphy in the vicinity of the Ground Hog mine is 

portrayed in Figure 2 (based on information in Jones, Hernon, and 

Moore, 1967). Rocks of a wide variety of ages occur in the area, 

ranging from exposed mid-Tertiary flows and tuffs to Precambrian 
basement rocks at depth. Units known to contain mineralization at the 
Ground Hog mine include a sequence of Paleozoic limestones and shaly 

limestones, and two late Cretaceous clastic sedimentary units, which 
are intruded by thick quartz diorite sills. From oldest to youngest 

the units include: the Lower Blue Limestone of Mississippian age, a

low magnesium, shaly to marly rock with scattered chert nodules; the 

Mississippian age Hanover Limestone, a crinoid-rich unit composed of 
essentially pure calcium carbonate; the Middle Blue Limestone of 

Pennsylvanian age, a gray limestone containing many thin shale beds 
in addition to a ten-meter-thick shale layer at its base (known as 
the Parting Shale); the Upper Blue Limestone of Pennsylvanian age,
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Figure 2. Stratigraphy in the Ground Hog Mine Area
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similar to the Middle Blue unit, but separated from it by a thin 

quartz diorite sill (the marker sill); the Pennsylvanian age Syrena 

Formation, a limestone which is characteristically shaly, silty, or 
argillaceous; the Cretaceous age Beartooth Quartzite, a sequence of 
sandstones and interbedded shales which lies unconformably on the 
Syrena Formation; the Cretaceous age Colorado Formation, a thick series 
of shales, sandstones, and sandy limestones; and several quartz 

diorite sills which intrude the two Cretaceous sedimentary units and, 
to a lesser extent, the other units of the sequence. A small rhyolite 
porphyry sill is present within the Lower Blue Limestone.

Laramide Dikes

Two varieties of igneous dikes, probably early Tertiary in age 
(Jones, Hernon, and Moore, 1967, p. 77), cut the rock sequence de

scribed above (see Figure 3). Both kinds occur in swarms which 
invaded the Ground Hog fault zone, a north-northeast-striking, 
southeast-dipping zone of intense fracturing in the area of the 

Ground Hog mine. The earlier type, granodiorite porphyry, is associ
ated with the major mineralization of the area. The second type, 
quartz monzonite porphyry, is believed to postdate significant 

mineralization in the region (Jones, Hernon, and Pratt, 1961). Both 
varieties occur as bodies which vary in width from about ten to fifty
meters.
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Figure 3, Schematic Cross Section through the Ground Hog System.
Tg is Tertiary granodiorite porphyry, Tqm is Tertiary 
quartz monzonite porphyry, and ore is shown in black.
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Ore Occurrence
Two distinct forms of ore are found within the Ground Hog 

mine (Figure 3). In the upper three hundred meters of the deposit, 
within the Cretaceous sedimentary rocks and sills, vein ore occurs 
as open space fillings of fractures in the country rock and along the 
reopened walls of dikes. From about four hundred to seven hundred 
meters deep in the deposit, within the Paleozoic sedimentary beds, 
ore occurs as replacement of limestone and shaly limestone, most 
notably in the Mississippian Hanover unit. These replacement ore- 
bodies consist of complex calc-silicate skarns containing sulfide 
minerals.



MINERALOGY

The two Ground Hog ore types differ significantly in their 
mineralogies, and thus deserve separate discussions under this 
heading. The simpler vein ores will receive first consideration.

Vein Ore

Minerals present in the Ground Hog vein ores are recorded in 
Table 1. These ores contain a variety of sulfides accompanied by 
abundant quartz and calcite, with lesser amounts of chlorite, 

sericite, and hematite. Four sulfides of hypogene origin - pyrite, 

galena, sphalerite, and chalcopyrite - occur in large quantities.

The galena in many cases contains significant amounts of silver, up 
to 2.5 weight percent in one sample analyzed. The sphalerite has a 
deep orange-brown color, because of the presence of three to four 
weight percent iron (Warren, 1935). Chalcopyrite occurs as both 
primary grains and as small (2 to 50 micrometer) exsolution blebs and 
stringers in all of the sphalerite examined (see Figure 4). Bornite, 

covellite, and sooty chalcocite (or one of the related minerals 

digenite or djurleite) formed as supergene alteration products of 

chalcopyrite along cracks and grain boundaries. These minerals are 
generally arranged with chalcocite immediately adjacent to the flow 

channel, covellite outside this, and bornite further out, in contact 
with unaltered chalcopyrite. Typically, all four minerals are not

10
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Table 1. Vein Ore Minerals.

Sulfide Silicate Carbonate Oxide

Pyrite
Galena
Sphalerite

Chlorite
Sericite

Quartz

Calcite Hematite

Chalcopyrite

Bornite
Covellite
Chalcocite



J

250 micrometers

Figure 4. Photomicrograph of Chalcopyrite Exsolutions in 
Sphalerite.

(chalcopyrite "c", sphalerite "s"; polished section view 
160 times magnification)
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present, but those that are tend to be ordered in this fashion (see 
Figure 5). Grains of all these sulfides are intergrown with coarse 
calcite and quartz, with patches of shreddy sericite and chlorite, 
and with traces of specular hematite.

Replacement Ore
Minerals which exist in the replacement ores of the Ground 

Hog mine are tabulated in Table 2. All of the sulfides present in 
the vein ores occur in the replacement ores. In addition, the min

erals cubanite, CuFegS^, and polybasite, (Ag.Cu^Sb^^, are present. 
Cubanite occurs as long thin lamellae (20 by 1000 micrometers) in 

chalcopyrite, almost certainly of exsolution origin (Yund and 
Kullerud, 1966; Ramdohr, 1969). Polybasite, identified on the basis 
of its optical characteristics (Schouten, 1962) and on microprobe 
results, occurs in grains 10 to 30 micrometers across in some galena. 
This mineral was determined with the microprobe to be about 72 percent 
silver, 4 percent copper, 10 percent antimony, and 14 percent sulfur, 
approximately correct for polybasite (Hall, 1967). In addition to 
the cubanite exsolutions in chalcopyrite, minute three and four- 

pointed sphalerite stars can also be observed there. This type of 
intergrowth is a typical exsolution feature (Ramdohr, 1969). As in 
the vein ores, tiny chalcopyrite blebs in sphalerite are ubiquitous.

These sulfide minerals are contained in complicated calc- 
silicate skarns. Orebodies which formed in the very pure Hanover 

Limestone carry a somewhat smaller suite of skarn phases than those 

in the less pure carbonate beds. Included in this assemblage are
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M  f l l

L i

500 micrometers

Figure 5. Photomicrograph of Supergene Bornite and Chalcocite 
Replacing Chalcopyrite.

(bornite "b", chalcocite "cc", chalcopyrite "cp"; polished 
section view; 80 times magnification)
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Table 2. Replacement Ore Minerals.

Sulfide Silicate Carbonate Oxide

Pyrite Pyroxene Calcite Hematite
Galena Amphibole Magnetite
Sphalerite Garnet
Cubanite Ilvaite

Chalcopyrite Serpentine
Bornite Epidote
Covellite Chlorite

Chalcocite Phlogopite-Biotite
Polybasite Quartz
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abundant pyroxene, amphibole, quartz, and calcite, with lesser garnet, 

ilvaite (CaFe^S^OgCOH)), epidote, chlorite, hematite, and magnetite.
Microprobe analyses of pyroxene indicate a composition of

about Caieoo^ 0 . 4 8 ,Fe0.44,Mg0.08^Si2°6 " ferroan johannsenite - 
which closely matches results obtained by Allen and Fahey (1957) for 
several Ground Hog pyroxenes. The amphibole is approximately

Ĉa1.50,Mn0.50^Fe2.20,M81.90,Mn0.90^Si8022^OH^2’ a sub-calcic 
actinolite. Garnet is almost pure andradite in most cases, generally

about (Ca^ g^jMn^ ^)l?e 2 oo^^3^12’ ^ nor aluminum, up to 2.6 weight 
percent, is found on the euhedral edges of some grains. Two forms of 
hematite occur: anhedral reddish patches, and well-formed, dark gray

plates (specularite), usually arranged in radial sprays. This latter 

type is, in many cases, pseudomorphically replaced by magnetite. 

Additionally, irregular patches of magnetite occur in some sections, 

commonly with the specularite. Calcite occurs as both anhedral grains 
intergrown with most of the other skarn minerals, and as pink 
(presumably manganiferous) scalenohedral crystals perched upon other 
crystals - quartz, pyrite, chalcopyrite, and, to a lesser extent, 
sphalerite and galena - in vugs in replacement ores.

Skarns present in the Lower, Middle, and Upper Blue units, 
and in the Syrena Formation are somewhat more complicated than their 

Hanover Limestone counterparts. Serpentine and a mica in the phlog- 
opite-biotite series were discovered in small quantities in ores of 
the Lower Blue Limestone. Garnet, epidote, and chlorite, in addition 

to pyroxene, amphibole, and quartz, are prominent silicates in these
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skarns. Other minerals - ilvaite, calcite, hematite, magnetite, 

and most of the sulfides - occur much as they do in the Hanover Lime
stone orebodies. Analyses of pyroxene from the Lower Blue show it 
to be a ferroan diopside, with an approximate composition of Ca^ qq 

(MgQ g0,Fe0 gg,Mng 05^S"i'2O6* Garnets from the Lower Blue contain 
minor manganese, but are otherwise pure andradite where sampled. In 
general, skarns which formed from the various impure limestones are 
similar to those which formed in the Hanover Limestone, but show a 
greater chemical complexity.

Silver Occurrence in Ground Hog Ores
The subject of silver distribution in Ground Hog ores has 

been considered in two earlier investigations (Lasky, 1935; Warren, 
1935) without the attainment of definite conclusions. Because of 

the greater variety of samples now available at the mine, and be
cause of use of the electron microprobe in this study, new information 
on the occurrence of silver is presented here.

Silver occurs in several ways in the Ground Hog deposit. 
Polybasite, a silver-antimony sulfosalt, occurs as small grains, pos

sibly of exsolution origin, distributed in the galena of some replace
ment ores. Other galenas have high silver contents, but show no 
separate silver phases beneath the microscope, even when examined at 

1050 times magnification. These galena grains also reveal no chemical 
inhomogeneity under the electron microprobe beam, which focuses to a 

diameter of about one micron. Thus, silver probably exists in solid
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solution in the galena. This occurrence seems to account for most of 
the silver present in those samples for which whole-ore assays are 
available (Table 3). Silver contents of galena measured on the micro

probe (column 5) roughly match what would be expected (column 4), 
based on the silver and lead assays available for the samples (columns 

2 and 3), if, indeed, all the silver in the ore were present in the 
galena. The only exceptions are several specimens for which silver 
assays are fairly low (as GH-1, GH-71). In these cases the measured 
silver contents of galena were below the detection limit of the micro
probe (about 250 ppm for these analyses). The expected values for 
silver content were, however, somewhat above this limit. Hence, small 
amounts of silver are left unaccounted for, and must be present else
where in the ore. This idea is supported by Rose (in Jones and Hernon, 

1973, p. 39), who analyzed several Ground Hog sphalerites and chalcopy- 
rites. He found silver values which ranged from 0 to 0.01 percent in 
the sphalerite, and up to 0.05 percent in the chalcopyrite. In the 
cases of high silver assay samples, these contents are a negligible 
portion of the whole. But in the cases of low silver assay samples, 

they add up to an important fraction of the total silver content.



Table 3. Data on Galena Samples Analyzed with Electron Microprobe

1 2 3 4 5

sample
whole-ore
silver
assay

whole-ore
lead
assay

silver
content

calculated
from

assays

silver
content
measured
with

microprobe

GH-J-II 
(vein ore)

4.72 oz/ton 5.1% 3,200 ppm 4,300 ppm

GH-V-VI 
(vein ore)

7.40 1.3 19,500 25,300

GH—AH-1 
(replacement)

10.12 3.9 8,900 9,200

GH-AH-3
(replacement)

10.12 3.9 8,900 7,100

GH-1
(replacement)

0.73 6.0 420 under 250

GH-71
(replacement)

1.39 5.1 920 under 250

GH-133
(replacement)

0.77 1.3 2,000 under 250

GH-214
(replacement)

0.73 6.0 420 under 250



ZONING

Data gathered on mineral distribution can be useful in the 

determination of paragenesis of individual orebodies, and also in 
studies concerning genesis of an ore deposit as a whole. For these 
reasons, large quantities of such information were collected in the 
investigation of the Ground Hog system.

Metal Zoning of Deposit

Assays of silver, copper, lead, and zinc, taken from annual 
ore reserve reports, were used to determine the distribution of ore 
metals in the entire Ground Hog deposit. These assays were designed 

to be representative of given stopes and blocks in the mine, and so 
were useful for this type of study. Since many ore reserve reports 
were available (27 since the year 1937) and because each contained 

information on numerous working places in the mine, an excellent data 
base was available from which to proceed. Metal ratios were examined 

instead of actual assays to partly eliminate problems resulting from 
variations in sampling and estimating technique from year to year.

Ore metal ratios exhibit a distinct pattern over the vertical 
dimension of the Ground Hog deposit (see Figure 6). Graphs for all 
six of the simple ratios formable from the available four-metal assays 

display significant jumps at about the same abscissa value. The 
Pb:Ag, Zn:Ag, Pb:Cu, Zn:Cu, and Zn:Pb ratios all increase, and the

20
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Metal
Ratio
Value
Scaled

fin
graph
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fill

graph

Depth in Mine (meters)

Figure 6, Disposition of Ore Metal Ratios Vertically in the Ground 
Hog Mine: A) Cu:Ag, Pb:Ag, and Zn:Ag Ratios; B) Pb:Cu,
Zn:Cu, and Zn:Pb Ratios.
Each point represents average of all values available for 
one level of development in mine. Only points based on ten 
or more assays are plotted.
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Cu:Ag value decreases, at a depth corresponding to the transition 
from vein to replacement ore (about 350 meters). These trends in 

metal ratios are related to differences in the two ore types. The 
numerous assays available for vein ore average out to a value of 
4.3 ounces/ton silver, 3.0 percent copper, 5.0 percent lead, and 7.9 

percent zinc; those for the replacement ore average 1.2 ounces/ton 
silver, 0.4 percent copper, 2.5 percent lead, and 13.6 percent zinc.

Metal ratio zoning along strike for that portion of the 
Ground Hog system studied is considerably less prominent than the 
zoning observed with depth in the deposit. Figure 7 shows the metal 
ratio values for the length of the mine, going from southwest to north
east, in vein ore at a depth of 180 meters (the 600 foot level).

Figure 8 is a similar diagram generated for replacement ore at a 
depth of 550 meters (the 1800 foot level). Neither diagram displays 
strong trends, though some zoning about the centers of the graphs can 

be observed. Silver is depleted with respect to copper and lead in 
the middle of the 180 meter level, and silver and copper are enriched 

relative to lead and zinc in the center of the 550 meter level. These 
variations within single rock layers, however, are not as conspicuous 
as those observed with changes in stratigraphy.

Mineral Zoning in Vein Ores
Since investigations of vein ore in this study were restricted 

to examination of drill core (the upper workings of the Ground Hog 
mine are no longer accessible), only limited comments on the mineral
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Metal
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Figure 7. Values of Ore Metal Ratios Along the 180 Meter (600 foot) 
Level of the Ground Hog Mine: A) Cu:Ag, Pb:Ag, and Zn:Ag
Ratios; B) Pb:Cu, Zn:Cu, and Zn:Pb Ratios.
Each point represents average of all values available for 
one 60 meter (200 foot) long block in mine. Graphs 
smoothed by averaging each block value with values for the 
adjacent blocks.
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Metal
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Figure 8. Values of Ore Metal Ratios Along the 550 meter (1800 foot) 
Level of the Ground Hog Mine: A) Cu:Ag, Pb:Ag, and Zn:Ag
Ratios; B) Pb:Cu, Zn:Cu, and Zn:Pb Ratios.
Each point represents average of all values available for 
one 60 meter (200 foot) long block in mine. Graphs 
smoothed by averaging each block value with values for the 
adjacent blocks.
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zoning of these ores can be made. The typical vein sample is an 

intergrowth of most of the various ore and gangue minerals. Es
sentially monominerallic specimens are uncommon. Thus the vein ores 

appear to be generally homogenous in nature. There is a slight 
tendency for quartz to be especially abundant immediately adjacent to 
wall rock, but no other mineral zoning trend is apparent. Additional 
comments on this subject can be found in Lasky (1936).

Mineral Zoning in Replacement Ores 
A prominent zonation of minerals exists within individual 

replacement orebodies at the Ground Hog mine. This is illustrated 
in Figure 9, a typical cross section through an orebody in the 

Hanover Limestone unit. At distance from any granodiorite dike, the 
crinoidal limestone is totally unaffected by metamorphism. The 

distance marking the furthest effects of metamorphism ranges from 
about 10 to 60 meters. Adjacent to igneous rock is a zone showing 
contact metamorphic effects, in which four separate alteration 

lithologies are present, the outermost of massive pyroxene, with minor 
ilvaite and garnet, in sharp contact with the fresh encrinite. In 

contact with this pyroxene zone is a rock composed almost entirely of 
amphibole, in some cases including quantities of epidote. Next in is 
a zone of quartz, calcite, hematite, and magnetite, with smaller 
amounts of epidote and chlorite. Massive sulfide rock is innermost, 

immediately adjacent to the dike, and also occurs as extensive mantos 
present over large areas beneath the Parting Shale, the basal unit of
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Figure 9. Cross Section View of Mineral Zonation in a Typical Hanover Limestone Orebody.
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the overlying Middle Blue Limestone. Each of the various alteration 
zones displays some increase in width near the Parting Shale, but none 
to the degree to which the massive sulfide does.

Most replacement orebodies have the four different alteration 
lithologies about equally represented volumetrically. However, in some 
orebodies one or more zones are missing, and in other orebodies two 

zones overlap - giving a transitional rock type over a width of several 
meters. The amphibole-epidote rock type is the one most commonly ab
sent, and the quartz-calcite-hematite-magnetite zone is the one most 
commonly involved in overlapping zone situations.

Replacement orebodies in other limestones at the Ground Hog 
mine are similar to those in the Hanover Limestone. Four alteration 

zones are again present, with massive sulfide adjacent to the grano- 
diorite dikes, a zone of quartz, calcite, hematite, magnetite, epidote, 

chlorite, and phlogopite-biotite outside the massive sulfide, a zone 
of amphibole-epidote rock further out, and pyroxene-garnet-serpentine- 
ilvaite rock against fresh limestone. No extensive manto orebodies 
exist in the non-Hanover Limestone replacement ores. Massive sulfide 
is generally restricted to within 10 or 20 meters of dike rock.

Little zoning of minerals is present within the massive sulfide 
portions of replacement orebodies. A systematic examination of drill 
core assays revealed no distinct pattern in the value of any ore metal 
with respect to distance from the nearest dike. In a few instances 

copper grades show a tendency to increase dikeward. Volumes of massive



pyrite are commonly present immediately adjacent to granodiorite 

porphyry. This represents the only really significant zoning which 
occurs within massive sulfide bodies.



PARAGENESIS

Paragenetic relationships were determined primarily from 

analysis of textures visible in thin and polished section. This work 
was supplemented by observations made in the mine and by study of 
available hand specimens;

Vein Ore Paragenesis

The approximate order of deposition and relative abundances 
of the various hypogene vein minerals are portrayed in Figure 10. 

Quartz formed first in the vein ores, as indicated by its occurrence 
against wall rock in many samples. Deposition of quartz was followed 
by a period in which intergrowths of quartz and other minerals - 

calcite, chlorite, sericite, hematite, and pyrite - were deposited. 
Quartz and pyrite continued to precipitate, but were superceded by 

galena, chalcopyrite, and then sphalerite. The three ore minerals 
are generally contemporaneous, but evidence for some late sphalerite 
deposition exists, including sphalerite veinlets cross-cutting 
chalcopyrite. In many cases, the ore minerals replace earlier quartz 
and pyrite. Embayed, formerly euhedral, grains of these two phases 
are often seen in polished section (Figure 11).

Supergene minerals were the last to form. Chalcopyrite 

displays progressive alteration to bomite, covellite, and then 
chalcocite along fractures and grain boundaries in the ore.

29
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Figure 10, Paragenesis of Hypogene Minerals in Vein Ores,

Thicker line indicates greater relative abundance.
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300 micrometers

Figure 11. Photomicrograph of Chalcopyrite Filling Embayments in 
Quartz.

(chalcopyrite "c", quartz "q"; polished section view; 125
times magnification)
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Replacement Ore Paragenesis

The paragenesis of hypogene minerals in Ground Hog replacement 
orebodies is shown in Figure 12. The information presented on this 
diagram is correlative with the zonation of minerals described earlier 
for skarn ores. The zoned sequence of minerals from fresh limestone 
through the various alteration types towards dike rock matches the 
sequence of minerals which form through time at one point in the 
system close to a dike, as determined from thin and polished section 
work.

Silication of fresh limestone resulted in the assemblage 
pyroxene, garnet, ilvaite, and in some skarns, minor serpentine.
A considerable portion of the pyroxene was subsequently altered to 
amphibole. This early mineral suite was decomposed to form a large 
group of phases consisting of epidote, quartz, calcite, hematite, 
magnetite, chlorite, and trace phlogopite-biotite. The bulk of 

sulfide deposition followed,replacing earlier minerals, with pyrite 
first, followed by the ore minerals galena, chalcopyrite, and finally, 
sphalerite. Polybasite and cubanite in turn exsolved from their 
respective hosts.

The various reactions just discussed can be viewed "in 
progress" under the microscope. Figure 13 shows pyroxene replacing 
fresh limestone at the edge of a skarn orebody. The contact between 
the two is very sharp, with massive pyroxene against totally unaltered 

limestone. Amphibole formation along a fracture in pyroxene is shown 
in Figure 14. Figure 15 shows quartz and epidote replacing amphibole.
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Figure 12 Paragenesis of Hypogene Minerals in Replacement Ores 
Thicker line indicates greater relative abundance•



500 micrometers 

Figure 13. Photomicrograph of Pyroxene-Limestone Contact. 

(pyroxene "p", calcite "c"· transmitted light view; 
crossed polars; 160 times magnification) 
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1000 micrometers 

Figure 14. Photomicrograph of Amphibole Replacing Pyroxene along 
a Fracture. 
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(amphibole "a", pyroxene "p", transmitted light view; un
crossed polars· 35 times magnification) 
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300 micrometers 

Figure 15. Photomicrograph of Quartz and Epidote after Amphibole. 

(quartz "q", epidote "e", amphibole "a"; transmitted light 
view; crossed polars· 125 times magnification) 
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a typical example of replacement of earlier minerals by members of the 

complex epidote-quartz-calcite alteration group. Sulfide replacement 
of these minerals in turn is exhibited in Figure 16, in which 
sphalerite and galena fill embayments in quartz-specular hematite. 

Figure 17 is a view of several separate galena patches in sphalerite 
which display identical cleavage pit orientation. This texture is 
probably the result of incomplete replacement of a single large galena 
grain by later sphalerite.

Subsequent to the formation of the above-described minerals 
was a period in which small volumes of crystals were deposited in vugs 
in the skarn ores. Such open spaces were first lined with quartz, 
then by a mixture of quartz, pyrite, and chalcopyrite, with traces of 

sphalerite and galena. The last crystals to precipitate were large 
scalenohedrons of pink calcite.

Supergene phases were the final minerals to form. Bornite, 
covellite, and chalcocite occur after chalcopyrite, just as in vein 
ores, but in considerably smaller quantities in the deeper replacement
bodies.



500 micrometers 

Figure 16. Photomicrograph of Sphalerite and Galena Replacing 
Quartz and Specular Hematite. 

(sphalerite "s", galena "g", quartz "q", hematite ''h", 
polished section view; 80 times magnification) 
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500 micrometers

Figure 17. Photomicrograph of Galena Remnants in Later Sphalerite. 

Note exsolved chalcopyrite.
(galena "g", sphalerite "s"; polished section view; 80 
times magnification)



DISCUSSION

The data on mineralogy, zoning, and paragenesis indicate 

certain distinctive characteristics of ore and skarn formation in the 

Ground Hog replacement orebodies. The vein and replacement ores are 
viewed as separate but related types which reflect differences in 
depositional environments of the two varieties of ore. Patterns 
in ore metal ratio values are consistent with geologic and geochem
ical phenomena. These topics are treated in the following sections.

Skarn Ore Formation

The minerals present in Ground Hog replacement orebodies and 
their order of deposition are consistent with the anhydrous-hydrous 
skarn concept proposed by Atkinson and Einaudi (1978) for 

pyrometasomatic deposits at Bingham, Utah. In this scheme silication 
of limestone leads to an early assemblage containing mostly pyroxene 
and garnet, together with quantities of slightly-later amphibole 

(the "anhydrous" assemblage). This group of minerals in turn alters 
to a late assemblage of additional amphibole, with quartz, calcite, 

hematite, and magnetite (the "hydrous" assemblage) through hydrolysis 
and carbonation of previously-formed calc-silicates. Where aluminum
bearing minerals were present in the anhydrous assemblage, chlorite 

and/or epidote occur in the hydrous one. For Ground Hog ores, the 

early suite contains pyroxene, garnet, ilvaite, serpentine, and

40
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slightly-later amphibole; the late group consists of epidote, quartz, 
calcite, hematite, magnetite, chlorite, and phlogopite-biotite.

Sulfide minerals were the last to form.
Skarn ore formation at the Ground Hog mine is thought to have 

followed the process outlined in Figure 18, in which the construction 

of a Hanover Limestone replacement body is shown. Iron, manganese, 
and silicon metasomatism after intrusion of granodiorite prophyry (A) 
led to the formation of rock containing pyroxene,, garnet, and ilvaite 
(B). A key reaction in this transition was probably

CaC03 + 2H4Si04 + Fe24- = CaFeSi^ + CC>2 + SHgO + 2H+ (i)

calcite dissolved hedenbergite
silica

(shown for the pure iron end member pyroxene, hedenbergite). Portions 

of the pyroxene thus formed were subsequently altered to amphibole, 
as described by the reaction below:

2CaFeSi206 + 4H4SiC>4 + 3>e2+ = Ca2Fe5Sig022(0H) 2 + 4H20 + 6H+ (ii)

hedenbergite dissolved actinolite
silica

M 3
(again shown for the pure iron end members). Later fluids then
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Figure 18. Process of Formation of a Hanover Limestone Replacement 
Body: A) Dike Emplacement, B) Early Skarn Assemblage
Forms, C) Late Skarn Assemblage Forms, D) Massive 
Sulfide Forms.
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caused the breakdown of the early group of skarn minerals to the 
assemblage epidote, quartz, calcite, hematite, magnetite, and 
chlorite (C). Two important reactions were probably

CaFeSi206 + CO^ + 2H+ = 2SiC>2 + CaCO^ + Fe2+ + H20 (ill)

hedenbergite quartz calcite

and

Ca2Fe5Sig022(0H)2 + 2CC>2 + 10H+ = 8Si02 + 2CaC0g + 5Fe2+

+ GHgO ‘(iv)

actinolite quartz calcite

9

both of which release iron to solution. At least some of this iron 
precipitated as hematite and magnetite. Lastly, massive sulfides 
were deposited as a result of extensive metasomatic addition of ore 
metals and sulfur (D).

Reactions (i) and (ii) above could both have been caused by

metasomatic addition of iron and silica associated with dike emplace
ment. Reactions (iii) and (iv) could have been driven by a decrease 

in pH, an increase in carbon dioxide fugacity, or a decrease in iron
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activity, or a combination of these factors. Since acid and carbon 
dioxide were produced in reactions (i) and (ii), small additions of 
either of these components (for instance, from the cooling dike) 
could have led to reactions (iii) and (iv). A decrease in iron 
activity could have been achieved by an increase in oxygen fugacity, 
which would remove iron from solution through the formation of hema
tite and magnetite. Such an increase in oxygen fugacity could have 
resulted from groundwater influx into the system.

Throughout the process of ore and skarn formation, heat 
accompanying the emplacement of the dike influenced hydrothermal 

fluids to flow upward in the dike's vicinity. Upon encountering the 
relatively impermeable Parting Shale, the fluids moved away from the 
dike beneath the shale. This phenomenon may explain the wider 

lithologic zones now present just beneath the shale. Greater fluid 
flow through the upper portions of the Hanover Limestone would lead 

to more extensive alteration in those upper portions. Changing fluid 
flow patterns with time may be responsible for the varying degree to 
which each of the different zones displays the widening effect. When 

the massive sulfide zone formed, fluid flow beneath the Parting Shale 
may have been at a maximum, and the manto ores were able to form at 

a distance from the dike where no skarn had formed earlier. It is 
also possible that chemical factors controlled the varying shapes of 
the alteration zones to some degree. Massive sulfide may have had 

the capability to replace any other rock type, whereas amphibole 
may have been able to form only where earlier pyroxene existed, and
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the late skarn assemblage only where there was already early skarn.

Thus massive sulfide bodies could transect the different skarn zones.
An alternative theory of skarn ore formation at the Ground Hog 

mine involves the simultaneous growth of all four lithologic zones. 
During this growth, a given fluid packet proceeding away from the dike 
would encounter first massive sulfide, then the late stage skarn 
assemblage, then amphibole, pyroxene, and, finally, fresh limestone.
The fluid would initially be in equilibrium with massive sulfide.

Upon encountering late stage skarn, it would change the skarn to sul
fide until the fluid was in equilibrium with the late skarn assemblage. 

Similarly, when this fluid encountered amphibole, it would change some 
of it over to late skarn until the fluid again achieved equilibrium. 
Likewise, the fluid would change pyroxene to amphibole, and fresh 

limestone to pyroxene. In this fashion, with many individual fluid 
packets each advancing the zone contacts a .small increment, the 

lithologic zones grow progressively outward. This theory, however, 
can not explain the irregular zoning seen in many actual orebodies, 
in which zones are missing or overlapping. In particular, it can not 
explain the existence of the manto orebodies and their lack of any 

associated skarn. It also requires that certain drastic chemical 
changes ochur over very short distances, which may not be geologically 
feasible.

Skarn ore formation in the Lower, Middle, and Upper Blue 

Limestones, and in the Syrena Formation, resulted in the creation of 
slightly more complicated skarn'mineralogies in these units than in
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the Hanover Limestone orebodies. This greater complexity probably 
resulted from the more varied original chemistry of these four units 
compared to the nearly pure calcium carbonate composition of the Hano
ver Limestone. The shapes of zones in the non-Hanover orebodies are 
more regular than those in the Hanover Limestone ones, probably be
cause there was no permeability barrier analogous to the Parting Shale 
where these orebodies formed.

Deposit Paragenesis
It is possible to correlate vein and replacement ore 

deposition at the Gound Hog mine by the use of paragenetic and textur

al information. Paragenesis diagrams for the two deposit types cor
respond closely for those minerals which are found in both varieties 
of ore. Similar textures such as extensive chalcopyrite exsolution 
from sphalerite, and filling in of embayments in previously euhedral 
pyrite and quartz by ore sulfides, also occur in the two ores. When 
these observations are combined with the fact that the two ore types 
are related by association with the same granodiorite dikes, it must 

be concluded that a given mineral was deposited throughout the entire 
mine during roughly the same period of time. Those minerals which 

formed as a result of direct metasomatic alteration of limestones are 
not represented in the vein ores.

Metal Ratio Data
Metal ratio data show that vein ores at the Ground Hog mine 

contain more silver, copper, and lead, and less zinc, than their
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replacement counterparts. There are at least three possible 
explanations for this phenomenon: (1) hydro thermal fluids rising
alongside the dikes could simply have deposited most of their zinc be
fore encountering the open spaces high in the Ground Hog stratigraphy,

(2) major differences in host rock chemistry which occur with depth in 
the Ground Hog system could have changed fluid chemistry so that dif

ferent metals were deposited selectively at different depths, or

(3) varying temperatures with depth in the system could have led to 
certain metals being selectively deposited based on elevation. The 
solubilities of silver, copper, lead, and zinc vary to different de
grees with temperature because of variations in extent to which they 
complex with any chloride in solution (Helgeson, 1969).

Lateral zoning of ore metal ratios in the portion of the 
Ground Hog system studied was determined to be symmetrical about the 
center of the known deposit. No zoning pattern was detected which 

centered on the northeast end of the system, near the Santa Rita por
phyry copper deposit. This could imply that the Ground Hog minerali
zation was not related in any major way to intrusion of the Santa 
Rita stock, but rather was an independent event.



CONCLUSIONS

The results of this investigation of Ground Hog mineralogy, . 

zoning, and paragenesis can be summed up as follows:
1) Of the two deposit types, the replacement ores are the 

more complex mineralogically, containing a host of silicate, carbon
ate, and oxide minerals, in addition to nine different sulfides. The 

vein ores are composed of quartz, calcite, and seven sulfide phases, 
plus minor chlorite, sericite, and hematite.

2) Silver in Ground Hog ores appears to occur in the greatest 
quantities in galena, either in solid solution or as the exsolved 
phase polybasite. Smaller amounts are also contained in sphalerite 
and chalcopyrite.

3) A definite zoning of minerals is present in replacement
orebodies. Towards dike from fresh limestone, the mineral assem
blages encountered are: pyroxene, garnet, ilvaite, serpentine; am-
phibole, epidbte; epidote, quartz, calcite, hematite, magnetite, 
chlorite, phlogopite-biotite; and sulfide minerals adjacent to dike. 

Zoning in vein ores is minor.

4) Paragenesis in replacement orebodies correlates closely 
with this zoning pattern. The order of deposition of minerals 
matches the zoning observed in going from fresh limestone towards 
dike. Deposition of minerals in vein ores occurred at about the same 

time as identical minerals were being deposited in the replacements.
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5) Formation of skarn orebodies took place approximately as

follows: An early assemblage of pyroxene, garnet, ilvaite, serpen
tine, and amphibole replaced fresh limestone and shaly limestone.

This group of minerals then broke down to form epidote, quartz, cal- 
cite, hematite, magnetite, chlorite, and phlogopite-biotite. Massive 
sulfide material replaced all of these earlier minerals. Changing 
fluid flow patterns with time could have created the varying geome
tries observed for the different lithologic zones.

6) A prominent vertical zonation of metal ratios is 
attributed to variations during mineralization of temperature, wall 
rock chemistry, or metal content of the ore-forming fluid with depth 
in the deposit. Horizontal zoning of these same metal ratios about 
the center of the deposit indicates that the Ground Hog ores are prob
ably not related to the Santa Rita porphyry copper deposit.

These results should be of some use in further exploration at 
the Ground Hog mine, and in the Central District in general. It has 

been shown here that the valuable metals silver, copper, and lead are 

present in greater quantities in vein ore than in replacement. Thus, 

such orebodies should be more desirable drilling targets. The fact 
that sulfide deposits at the Gound Hog apparently formed only as a 
consequence of granodiorite dike intrusion and are not related to the 

Santa Rita system, indicates that similar deposits could be found any
where in the district where such dikes occur. Additionally, the zon

ing picture outlined here for replacement orebodies might be helpful
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in the interpretation of drill core recovered from the Mississippian 
and Pennsylvanian age limestones of the district.
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