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ABSTRACT

Field and laboratory studies show that the Reymert Vein,

Pinal County, Arizona, is an epithermal fissure filling emplaced in 

Precambrian Pinal Schist and is related in time and space to mid- 

Tertiary volcanism. Three stages of mineralization are delineated.

The earliest stage is black calcite-rich, the intermediate one 

cryptocrystalline quartz-rich, and the latest stage barite-rich.

Fluid inclusion studies show that temperatures attending vein deposi

tion ranged from 1380C to 452°C. Fluids were moderately saline, at 

9.7 to 23.2 weight percent equivalent NaCl. Silver mineralogy and 

distribution were delineated with the aid of a scanning electron 

microprobe quantometer. Silver occurs as acanthite, jalpaite, native 

silver, and argentiferous manganese and iron oxides. The vein system 

is unusual in the non-volcanic nature of its wall rocks, but resembles 

other epithermal vein occurrences in that it consists of silver

bearing veins exhibiting classic epithermal textures and mineralogy.

ix



CHAPTER 1

INTRODUCTION

Location

The Reymert vein spans the southern boundary of the Picketpost 

Mountain Quadrangle and the northern boundary of the Mineral Mountain 

Quadrangle, Pinal County, Arizona (Fig. 1). The property is 13.6 

kilometers southwest of Superior by road. The area may be reached 

by turning south off of U.S. Highway 60-70 8.4 kilometers west of 

Superior, then travelling west about one kilometer along the old high

way, and travelling south about three kilometers on graded dirt road.

Purpose and Scope of Study

The Reymert Mine area was chosen for study because of a lack 

of previous detailed work in the area, accessibility, and current 

interest in epithermal precious metals systems. Funding was made 

available by GeoResources, Incorporated. The purpose of this study 

has been to delineate the geologic setting, mineralogy, and paragenetic 

relationships of the vein system; to define the character and distri

bution of the silver mineralization; to shed light on the nature of 

the fluids attending mineral deposition; and to compare the Reymert 

mineralization with other epithermal systems elsewhere.

1
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Method of Study

The geology of approximately eight square kilometers was 

mapped on topographic sheets at a scale of 1:4800 in order to 

delineate the distribution of the veins and host rocks. A detailed 

map and cross sections of the vein were made at a scale of one to 

ten, using a Brunton compass and tape. Laboratory work including 

study of sawed slabs of vein material and petrographic study of 

numerous thin and polished sections aided in detailing the textures, 

mineralogy, and paragenetic relationships present in the vein system. 

Thin sections were also used to study the lithologies and alteration 

of the various rock units in the study area. No visible silver 

minerals were identified in hand specimen or during the course of 

reflected light microscopy, so the scanning electron microprobe was 

employed in order to determine the nature and distribution of silver 

in vein material. A fluid inclusion study was undertaken in order to 

ascertain the temperature and salinity of the fluids and parameters 

of the environment of mineralization.

Mine History

The Reymert Mine was discovered by John Reymert in 1885. 

Intermittent production of silver ore was achieved by various com

panies and lessees until about 1950 (Farnham, 1961). Most production 

was realized between World War I and World War II. Past production 

figures from various sources are summarized in Figure 2. No gold, 

manganese, base metals, or other elements have been produced. Most 

ore was shipped as smelter flux to Miami or Superior, Arizona,



Dates Tonnage Average Grade 
(oz. per ton)

Ounces
Produced Source

1885-WWI 18,000 23.12 416,904 Mersey (1953)

1885-1946 188,974+ 14.45 2,730,667 Mersey (1953)

1885-1950 175,000 15.50 2,712,500t Farnham (1961)

1886-1945 162,419 15.11 2,454,380 Covorocesses (1974)

^Numbers computed by author for this paper. Other production figures are quoted 
directly from sources. Tonnage x average grade does not always equal ounces produced.

Fig. 2. History of Silver Production from the 
Reymert Mine, Pinal County, Arizona.



although the presence of slag indicates that some was smelted at the 

old townsite south of the mine. Currently the property is leased to 

Inspiration Mining Company from GeoResources, Incorporated. Inspira

tion is studying the feasibility of open pit mining the entire vein 

for its silver values.



CHAPTER 2

GEOLOGY

Rocks outcropping in the study area include Precambrian Pinal 

Schist, Precambrian granite, Precambrian diorite and homblendite, 

small mid-Tertiary flows and dikes, and small basalt dikes. The 

oldest unit in the study area is the Pinal Schist. This dominantly 

sedimentary unit was intruded by Precambrian granite, diorite, and 

hornblendite. Mid-Tertiary latite dikes and flows cut and overlie the 

schist. Two small Tertiary(?) basalt dikes also cut the Pinal schist.

Lithology

Pinal Schist

The Pinal Schist, the dominant lithology, outcrops extensively 

in the Reymert Mine area (Fig. 3). Fissures in the schist host the 

vein material and associated latite dikes. The micaceous schist is 

typically silvery grey, commonly with a satiny sheen. Locally, it is 

light tan or pinkish. It is composed of 20 to 50 percent quartz, 50 

to 80 percent muscovite, and up to 10 percent chlorite. Accessory 

minerals visible in thin section are apatite and iron oxides, and 

locally fine-grained garnet. Quartz pods and lenses with long axes 

parallel to the foliation planes are common. Quartz also forms short 

discontinuous stringers both parallel to and transgressive to folia

tion, apparently due to remobilization during metamorphism. Within

6



Figure 3. Geology of the Reymert Mine Area
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the quartz-muscovite rock, concordant layers of other rock are present 

including sandy layers, hornblende-epidote-chlorite amphibolites, 

metarhyolite, and quartz-schorl, quartz-magnetite, and calcite- 

muscovite layers.

Texturally, the Pinal Schist varies from a fine-grained 

sericite-quartz phyllite to a coarse-grained gneissic schist. 

Schistosity is defined by parallel alignment of micas and original 

compositional banding. Cataclastic foliation locally overprints the 

regional metamorphic effects.

Precambrian granite, diorite, and hornblendite have intruded 

the Pinal Schist. Intrusion of granite into the Pinal Schist has 

resulted in substantial coarsening of muscovite grains, stabilization 

of biotite, and the development of microscopic textures including 

development of poikilitic muscovite and fine sillimanite needles.

Small xenoliths of schist engulfed in the granite may be sufficiently 

baked and injected with granite dikelets that they are difficult to 

distinguish from the granite. In contrast, intrusion of diorite and 

hornblendite has produced little metamorphism or disruption of the 

Pinal Schist other than baking at the contact.

The Pinal Schist is the oldest rock unit in the Reymert Mine 

area. No age determinations have been made within the study area, but 

concordantly deformed rhyodacite within the Pinal Schist in Cochise 

County, Arizona, has yielded a U-Pb age date of 1680-1700 m.y.b.p. 

(Silver, 1978, 1963). Elsewhere the Schist is intruded by the 1625 

m.y. Johnny Lyon Granodiorite (Silver, 1978) and by Madera Diorite in



in the Pinal Mountains, Gila County, Arizona, dated at 1600 (Damon, 

Livingston, and Erickson, 1962) and 1630 m.y. (Damon, 1968), respec

tively.

Precambrian Granite

A Precambrian two-mica granite is well exposed in the northern 

portion of the study area, complexly intruding the Pinal Schist (Fig. 

3). The granite contains abundant xenoliths of schist ranging in 

size from a few centimeters to tens of meters across. Large included 

blocks of schist commonly form topographic knobs and ridges within the 

granite terrain due to the schist's relative resistance to weathering. 

Only the larger blocks of schist are included on the geologic map 

(Fig. 3). Small dikelets of granite are injected along foliation 

planes and into fractures in the schist blocks.

The granite is medium-grained, roughly equigranular, and 

composed of potassium feldspar, plagioclase, quartz, muscovite, 

biotite, and accessory magnetite. Biotite is commonly chloritized 

and potassium feldspar sericitized. Locally the granite displays weak 

foliation imparted by parallel alignment of micas. Cataclastic folia

tion accompanied by hematitic stain occurs in sheared areas. Small 

aplite dikes and milky-quartz-rich pegmatites occur within the 

granite.

The granite contains scattered veinlets containing quartz, 

epidote and very rare pyrite. Irregular distribution of these 

veinlets away from the Reymert Vein system indicates that they are 

unrelated to the vein system.

9
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The granite has been called Ruin Granite in previous private 

company reports and maps. However, the granite at the Reymert Mine 

area lacks the coarse porphyritic texture and poikilitic potassium 

feldspars characteristic of the Ruin Granite, dated at approximately 

1400 m.y. (Damon, Livingston and Erickson, 1962; Livingston, 1962; 

Livingston and Damon, 1968). The Composition and texture of the 

granite in the Reymert area indicate that it is the same unit as the 

Precambrian Y two-mica granite mapped by Theodore et al. (1978) in 

the southern portion of the Mineral Mountain Quadrangle. Secondary 

biotite from the two-mica granite at the southern locale has been 

K-Ar dated at 66.7 m.y. (Theodore et al., 1978). True Ruin Granite 

also occurs in the southern portion of the Mineral Mountain Quadrangle.

Precambrian Hornblendite

The hornblendite is a coarse-grained, mafic phase of the 

diorite. The hornblendite occurs as small dikes and sills adjacent to 

the diorite (Fig. 3). Sills are best observed in wash bottoms where 

erosion has cut sufficiently deeply through the schist as to expose 

them. Breccia fragments of hornblendite in a matrix of diorite indi

cate that the hornblendite predates the diorite. The hornblendite is 

a low-weathering unit which leaves warty-surfaced cobbles and boulders 

and lateritic soil.

The hornblendite is typically composed of ninety-five percent 

unaligned hornblende with interstitial plagioclase and quartz.

Margins of the unit are locally more silicic, approaching the compo

sition of the more mafic portions of the diorite. Small amounts of
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biotite, chlorite, magnetite, and rutile are visible in thin section. 

Hornblende phenocrysts show weak chloritization along cleavage planes. 

Many are poikilitic with biotite, chlorite, magnetite, rutile, and 

plagioclase inclusions.

Precambrian Diorite

Precambrian diorite is well-exposed north of the mine workings 

along the Reymert vein (Fig. 3). The diorite forms a sill-like body 

passively intruded into the Pinal Schist. Disruption, deformation, and 

metamorphism of the schist due to the intrusion of diorite is minimal. 

Dikelets of diorite cutting the overlying schist are rare.

The diorite is a medium grained, phaneritic, greyish rock 

composed largely of hornblende and plagioclase with lesser amounts of 

quartz, biotite, and potassium feldspar. Weak preferential orienta

tion of the hornblende phenocrysts may be noted locally. In some 

exposures, the diorite is very hornblende-rich, approaching the 

composition of hornblendite.

In thin section, the diorite is seen to have a typical compo

sition of 50-55 percent hornblende, 25-35 percent plagioclase with or 

without minor potassium feldspar, up to 10 percent quartz, 5 percent 

biotite, and accessory magnetite and apatite. Hornblende phenocrysts 

are euhedral to subhedral, sometimes slightly embayed by hypidio- 

morphic quartz and plagioclase. Hornblende is poikilitic with a 

variety of inclusions including quartz, biotite, chlorite, plagio

clase, epidote, magnetite, and rare rutile.
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Hornblende may exhibit chloritization along cleavage planes, 

and biotite is often chloritized. Epidote, calcite, or both may 

replace plagioclase. Scattered throughout the diorite intrusion are 

small veinlets containing quartz, biotite, chlorite, and pyrite, some 

with very weak seritic halos. The distribution of the veinlets shows 

no apparent relationship with the Reymert silver vein mineralization.

A K-Ar age of 1080±30 m.y. (Shafiqullah et al., 1980) has 

been obtained from the diorite at the Reymert Mine. This date is 

approximately correlative in time with the emplacement of diabase 

sills throughout southeastern Arizona (Shride, 1967; Silver, 1960,

1963; Damon, Livingston, and Erickson, 1962a; Shaffiqullah et al.,

1980). Diorite at the Reymert Mine as well as diorite outcropping 

elsewhere in the Mineral Mountain Quadrangle has been mapped as Pre- 

cambrian XY Madera Diorite by previous workers (Theodore et al., 1978; 

Schmidt, 1967). Madera Diorite, as described by Ransome (1903) and 

Peterson (1962) occupies Madera Peak in the Pinal Mountains, Pinal 

County, Arizona. It is a coarse-grained quartz-plagioclase-biotite 

rock, which contains hornblende only in local contact facies. The 

Madera Diorite complexly intrudes the Pinal Schist in a disruptive 

manner, engulfing, baking, and assimilating variably-sized blocks of 

schist. This diorite has been dated at 1630 and 1660 m.y. by the 

Rb-Sr and K-Ar methods respectively (Livingston and Damon, 1968; Damon, 

Livingston, and Erickson, 1962). The diorite at the Reymert differs 

markedly from the Madera Diorite in composition, texture, age, and 

style of intrusion.
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Latite

A flow and two shallow dikes of mid-Tertiary latite crop out 

in the southern portion of the study area. The latite flowed 

directly onto the Pinal Schist surface. The base of the flow contains 

abundant small fragments of schist which were picked up as the flow 

advanced. One dike occurs immediately to the north of the flow and 

occupies the north-northwest trending fissure in the schist which 

also hosts the Reymert vein mineralization. The other dike, also 

north-northwest trending, is south of the flow (Fig. 3).

The latites in the study area are part of a regional mid- 

Tertiary dacitic, latitic, to rhyolitic volcanic event in the Super

stition-Superior region. Most conspicuous is Picketpost Mountain, 

four kilometers to the northwest (Nelson, 1966), the ash flows west 

of Superior (Peterson, 1968), the Superstition Caldera Complex to the 

northwest (Sheridan, 1978), and various flows and tuffs to the east 

and south of the study area (Keith and Theodore, 1979; Theodore et 

al., 1978). The term "dacite" is a regionally entrenched term for 

these volcanics, but many units are quartz latites and rhyolites 

(Peterson, 1968; Theodore et al., 1978; Keith and Theodore, 1979).

On the basis of phenocrysts present, "latite" is an appropriate term 

for the Reymert volcanic units.

Latite at the Reymert is typically light pinkish brown but 

locally is beige, lavender-grey, gold, or dark brown. The latite is 

aphanitic to aphanitic-porphyritic and contains phenocrysts of potas

sium feldspar, plagioclase, and biotite, as well as occasional
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hornblende and quartz. Phenocrysts typically make up less than ten 

percent of the rock. A few scattered vesicles are present. Flow 

banding is common throughout both the dikes and flows. Fine lamina

tions wrap around the 1-4 millimeter phenocrysts.

In thin section, feldspar phenocrysts display poorly defined, 

corroded, and embayed boundaries. Flecks of hematite and magnetite 

may be present and the feldspars commonly display an overall orangish- 

brown iron stain. Relict zoning and twinning textures may be visible. 

Glass is occasionally present. Very fine fragments of Pinal Schist 

are scattered throughout the latite, occurring as small clots of 

quartz and muscovite.

Theodore et al. (1978) mapped several flows and dikes in the 

Mineral Mountain Quadrangle as quartz latite, including those at the 

Reymert. K-Ar ages of 15.8 ±0.5 and 17.4 ±0.5 were obtained from one 

of these flows near the southern boundary of the Mineral Mountain 

Quadrangle (Theodore et al., 1978). Shafiqullah et al. report lower 

Miocene ages (18.4 ±0.5 and 18.8 ±0.5 m.y.) for a dacite flow on the 

top of Picketpost Mountain. Dates on dacite and latite volcanics 

elsewhere within the Superstition-Superior region range from 14.4 to 

22 m.y. (Keith and Theodore, 1979; Sheridan, 1978; Shafiqullah et al., 

1980; Damon and Bikerman, 1964). The Reymert latites are most likely 

mid-Tertiary as well on the basis of similarity in composition and 

habit to other well-documented mid-Tertiary volcanics in the region.
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Basalt

Two small, poorly exposed dikes of black aphanitic basalt 

occur in the study area (Fig. 3). One crops out west of the latite 

flow and the other in the northeast corner of the area. The dikes 

cut the Pinal Schist and may be related to basaltic magmatism which 

followed calc-alkalic silicic volcanism in the region (Sheridan, 

1978; Suneson and Sheridan, 1975; Shafiqullah et al., 1980).



CHAPTER 3

STRUCTURE

Structural elements of the Reymert Mine area are discussed 

in order of their relative age. They include foliation, lineation, 

and folding in the Pinal Schist and mylonites affecting the Pinal 

Schist, granite, diorite, and hornblendite.

Structural Characteristics of the Pinal Schist 

The Precambrian Pinal Schist exhibits moderately to well 

developed foliation defined largely by parallel alignment of micas. 

Foliation is parallel or nearly parallel to the plane of original 

bedding. Within the study area, strikes of the foliation have an 

east-west trend but vary within a few tens of degrees to the north or 

south (Fig. 3). Dips are moderate and are commonly to the south in 

the southern portion and to the north in the northern portion of the 

area. Changes in dip orientations define east to east-southeast 

trending fold axes. Some axes have a shallow, westerly plunge (Fig. 

3). Amplitudes of the folds are variable, ranging from a few centi

meters to over one kilometer. Lineations are present throughout the 

schist, but are most conspicuous in the vicinity of fold axes. 

Lineations are defined by axes of crenulations and small kink-folds 

within the general plane of foliation. Lineations plunge shallowly to 

the west, similar to the orientation of the fold axes.

16
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Mylonites

Mylonites are distinguished from ordinary fault gouge in that 

the cataclastic rocks in the mylonites exhibit primary cohesion in 

contrast to incohesive breccias or rock flour (Higgins, 1971).

Slivers of Precambrian rocks including Pinal Schist, granite, diorite, 

and hornblendite along with two mylonite zones form a N30°W-trending 

belt. This belt lies just northeast of the northernmost mine working 

along the Reymert Vein (Fig. 3). The mylonites have a traceable 

strikelength of about 850 meters and a maximum width of 23 meters. 

Boundaries between mylonitized and unmylonitized rock may be grada

tional or sharp. The mylonite map unit includes rocks deformed such 

that field determination of the protolith is difficult or impossible. 

The mylonites pinch, swell, and anastomose, leaving scattered blocks 

of less deformed protolith within them. The mylonites are-best 

developed along contacts between contrasting rock types. To the 

northwest, the mylonites bend northward, pinch out, and become 

untraceable in granite. To the southeast, the mylonites swing to the 

south, narrow, and die out in Pinal Schist.

Fluxion structure imparts foliation to the mylonitized rocks. 

Strikes of cataclastic foliation generally parallel the overall N30°W 

trend of the belt, but may deviate, paralleling the local topography 

instead. Dips are shallow to moderate, ranging from 20° to 60° to 

the southwest.
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The age of mylonitization is constrained only by the age of 

the Precambrian rocks affected by the deformation and by crosscutting 

mid-Tertiary mineralization.

Studies of thin sections and slabbed sections of rock samples 

collected from the mylonite zones of the Reymert Mine area show that 

the cataclastic rocks fall within the categories of protomylonite, 

mylonite, ultramylonite, and microbreccia as defined by Higgins 

(1971). Strain in the mylonitized rocks is manifested in a variety 

of ways including deformation, size reduction, recrystallization, and 

chemical breakdown of the original mineral grains. The deformational 

responses to cataclasis of the lithologies involved will be discussed 

individually with the exception of the hornblendite which, due to its 

compositional and behavioral similarity, is included with the diorite.

Pinal Schist

Large muscovite grains in the mylonitized Pinal Schist are 

commonly bent and kinked. Some show tensional separation along 

cleavage planes with quartz, sericite, or both as mortar filling the 

open spaces. Shredding, smearing, elongation, and deformation to- 

spindle shapes all aid in defining fluxion planes. Muscovite may 

bend and wrap around quartz grains. Conversion of muscovite to 

sericite sometimes accompanies deformation of muscovite. Quartz 

grains in the deformed schist exhibit moderate to very marked undu- 

latory. extinction, granulated edges, fine-grained mortar between 

larger grains, and fracturing across grains. Quartz grains also 

exhibit elongation and development of lensoidal and spindle shapes.
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Recrystallized quartz occupies micro-gash fractures. Wispy trails of 

granulated quartz and muscovite occur in intensely deformed samples. 

Trails of iron oxides are also present.

Granite

Internal structures defining fluxion planes in mylonitized 

granite include elongation and streaking of all mineral grains and 

the development of wispy trails of granulated quartz and micas. 

Deformed quartz grains in the granite are elongated and deformed into 

lensoidal and spindle shapes and show granulated edges and internal 

fractures. Quartz also exhibits moderate to strong undulatory 

extinction and development of lamellar strain patterns. Cryptocrys

talline quartz forms mortar around coarser mineral grains. Muscovite 

is bent, smeared, and may be altered to sericite and clays. Muscovite, 

sericite, chlorite and very finely granulated quartz wrapping around 

larger quartz and feldspar grains produce fine augen textures.

Feldspar grains in the mylonitized granite are rounded, smeared, and 

commonly altered to sericite, epidote, and clays. Limonite stain is 

common.

Diorite and Hornblendite

Mylonitized diorite and hornblendite are marked by pervasive 

alteration of hornblende to abundant chlorite and lesser amounts of 

epidote, serpentine, and magnetite. Plagioclase is decomposed to 

sericite and clay. Biotite is partially chloritized. Quartz grains 

exhibit granulated edges, angular fragmentation, and undulatory



20

extinction. Smeared chlorite, epidote, and quartz crystal fragments 

have flowed around less ductile fclumps of feldspar, epidote, and 

quartz. Upon weathering, the mylonitized hornblendite is very 

friable and produces a lateritic soil.

Microbreccias characterized by primary cohesion but lacking 

pervasive fluxion structure occur within the mylonite zone between 

Pinal Schist and diorite. Fragments in the breccia consist of 

mylonitized schist and diorite, indicating that brecciation postdated 

cataclasis. Breccia matrices are composed of fine-grained quartz, 

sericite, chlorite, and clays derived from milling of the protoliths, 

and of fine-grained quartz exhibiting mortar texture, undulatory 

extinction, and transgranular fractures.

North-northwest Trending Fractures

North-northwest trending brittle fractures approximately per

pendicular to the foliation of the Pinal Schist host the Reymert 

vein system (Fig. 3). The Pinal Schist's brittle response to stress 

producing the north-northwest fracture system created open space and 

permeability suitable for hydrothermal mineral deposition. Throughout 

the study area, fractures and joints, with or without vein fillings, 

range from N20°W to N20°E, roughly parallel to the Reymert Vein. 

Multiple symmetrically banded vein fillings within the fissure 

suggest gradual opening over time during mineral deposition. Slick- 

ensides and small amounts of gouge along vein walls show that some 

post depositional movement occurred along the fissure, but nearly 

matching strata on either side of the veins indicate that offset was



not great. Slickenside orientations show that displacement was 

vertical. North-northwest trending fractures with small amounts of 

vein filling crosscut mylonites in the northern portion of the study 

area.

The north-northwest trending fractures documented within the 

study area are consistent with regional north-northwest ±20° orienta

tion of Oligocene to Miocene structures throughout the Basin and 

Range province in Arizona (Rehrig and Heidrick, 1976).

East-west Trending Fractures 

A few discontinuous east-west trending fractures up to 

several centimeters in width also contain vein fillings. Post

mineral east-west fractures with small amounts of breccia and gouge 

crosscut the vein. Offset is minor along these fractures throughout 

most of the strike length of the vein, but segmentation of the vein 

becomes more apparent at the north end of the mine area (Fig. 3).
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CHAPTER 4

MINERALIZATION 

Methods of Study

Field mapping of the vein system and its host rocks combined 

with detailed studies of over 150 samples of vein material including 

sawed slabs, 62 thin and polished sections, and scanning electron 

microprobe and fluid inclusion studies all aided in defining the 

textures, mineralogy, paragenetic relationships, and depositional 

environment of the Reymert mineralization.

Morphology

The Reymert vein is a steeply dipping, roughly planar feature 

controlled by a north-northwest striking fissure. The vein has a 

strike length of over 1800 meters. Dips are steep, varying along 

strike from vertical to 70° to the east or west. The southern 

portion of the vein generally dips to the east and the northern 

portion to the west. The vein lies upslope to the east of and approx

imately parallel to Reymert Wash. East-west trending dissecting 

drainages feed into the wash and provide cross-sectional exposures 

of the vein (Fig. 4). Siliceous portions of the vein form resistant 

ribs along the hillsides (Fig. 5). The vein is typically 6 to 12 

meters wide, but locally reaches nearly 30 meters in width. The vein 

horsetails, pinches, and is cut by faults at its northern and southern

22
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Fig. 4. The Reymert Vein, Looking Along Strike Toward 
the North-northwest. The vein dips steeply to 
the west. Manganese oxide coatings impart a dark 
color to the vein.
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Fig. 5. Photograph of the Reymert Vein, Looking North.
Siliceous vein material forms a resistant rib 
across the hillside.
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extremities. Smaller subsidiary veins ranging from a few centimeters 

to a meter in width are scattered throughout the study area. They 

exhibit mineralogy and orientation similar to that of the Reymert 

vein but are not large or persistent enough to be of economic 

interest. These smaller veins are traceable up to several meters 

and disappear under regolith or die out into hematitic slip planes.

Although the vein is bracketed in time by mid-Tertiary 

volcanism, most of the vein is hosted by the Precambrian Pinal Schist. 

Overall the vein is roughly planar, striking perpendicular to the 

foliation of the schist, but local pinches and swells impart a gentle 

sinuosity and locally varying strikes and dips. Within the- confines 

of its general north-northwest trend, the vein splits and anastomoses, 

leaving narrow blocks of wall rock between splits. The vein exhibits 

sharp contacts with its wall rock, with only occasional subsidiary 

veinlets extending laterally into the wall rock. Consequently, 

grade cutoffs are abrupt at the vein-wall rock contact. Post

mineralization movement along the fissure has produced gouge along 

vein-wall rock surfaces and between mineral bands within the vein.

The Reymert vein exhibits classic epithermal open-space fill

ing textures including colloform banding, comb structure, symmetrical 

banding, cockade structure, matching wall rock surfaces, abundant 

vugs,and open space along vein centerlines with free-standing 

terminated crystals. No wall rock replacement textures were noted 

and only minor replacement of any one vein mineral by another has 

occurred. Repetitive sequences of subparallel mineral banding
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indicate continual reopening of the fissure during faulting and depo

sition of vein material.

Age of Mineralization

The Reymert vein system is closely tied in time and space to 

mid-Tertiary volcanism, as is typical of many other black calcite- 

barite-fluorite-bearing epithermal vein deposits in the southwestern 

United States (Hewett, 1964; Hewett and Radtke, 1967). Latite sharing 

the fissure with the Reymert vein both crosscuts and is crosscut by 

vein material. Since latite flows and dikes in the Reymert area are 

very similar in composition, texture, and habit to nearby latite vol- 

canics which have been dated at 15.5-18.4 m.y. (Theodore et al.,

1978; Shafiqullah et al., 1981), it is highly probable that the 

Reymert latite and accompanying mineralization are also mid-Tertiary 

in age.

Vein Mineralogy and Paragenesis 

The paragenetic relationships between the three stages of 

mineralization, the two latite dikes, and between individual minerals 

in the vein were determined on the basis of (1) cross-cutting rela

tionships observable in the field, in slabbed samples of vein 

material, and in thin section; (2) breccias consisting of fragments 

of older material in a matrix of younger material; and (3) the 

depositional sequence of mineral banding from vein walls toward vein 

centerlines. The paragenetic sequences presented are those which are 

typical of the vein as a whole. In detail, transgressions of the
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normal order may be observed locally, reflecting time overlaps in 

deposition of the various constituents. The earliest fissure filling 

is flow-banded pink latite with few phenocrysts. Injection of the 

latite was followed by deposition of Stage I and then Stage II 

mineralization. Following Stage II, igneous activity produced a small 

amount of latite containing abundant fragments of Stage I and II vein 

material. Stage III mineralization is the latest fissure filling. 

Historically, Stage I has been referred to as the "Main Vein" and 

Stages II and III as the "Blue Vein."

The early latite dike filling is confined to the southern end 

of the vein system. The latite dike reaches its maximum width at its 

southernmost extent where it disappears under the latite flow (Fig.

3). The dike has a strike length of about 370 meters, and pinches 

out to the north.

The bulk of Stage I veining lies immediately west of the 

latite dike within the fissure (Fig. 6). Stage II vein material lies 

largely to the east of the dike and Stage I mineralization, and may 

be divided from them by strips or blocks of Pinal Schist. Stage III 

mineralization splits and anastomoses, lying on either side of older 

fissure fillings, but it typically lies somewhere between Stages I 

and II. The small latite dike that is younger than Stages I and II 

has limited extent, outcropping over only thirty meters, and lies 

between Stages I and II (Fig. 6). The three stages of mineralization 

and the latite dikes may be in direct contact with one another or 

separated by a few meters of schist. Occasionally they diverge and
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Fig. 6. Outcrop of the Reymert Vein, Looking North. 
Stages I, II, and III and latite share a 
north-northwest trending fissure cutting 
the Pinal Schist.
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are separated by up to sixty meters of schist. The spatial distribu

tion of the latite and vein stages outlined above applies only in 

general. In detail, small amounts of one stage may be seen cross

cutting and sharing space occupied by another stage.

Mineralization at the Reymert Mine consists of abundant black

calcite, cryptocrystalline quartz, barite, and megascopically crys-
/

talline quartz, with lesser amounts of fluorite, galena, and 

manganese and iron oxides. Microscopic amounts of acanthite, 

jalpaite, native silver, sphalerite, and pyrite are present. Rhodo- 

chrosite and rhodonite are absent. Secondary minerals include small 

amounts of cerussite, anglesite, vanadinite, wulfenite, mimetite, and 

moderate to abundant amounts of iron and manganese oxides. Lack of 

gossan and boxwork other than that resulting from the leaching of 

black calcite, as well as the presence of primary specularite and 

manganese oxides, point to a low primary sulfide content of vein 

material at the time of deposition. Manganese oxides identified 

include admixtures of psilomelane (BaMnMngO^(OH)^), hollandite 

(MnBaMn^O^), coronadite (MnPbMn^O^), chalcophanite [(Zn,Mn,Fe) 

MngOg'ZHgO], and todorokite [(Mn,Ba,Ca,Mg)Mn30^*H20]. Some are 

argentiferous and are discussed in more detail in a following section.

A general paragenetic sequence of black calcite, cryptocrys

talline quartz, barite, and megascopically crystalline quartz is 

defined by the three stages of vein mineralization. Stage I is rich 

in black calcite, Stage II is cryptocrystalline quartz-rich, and 

Stage III is barite-rich. Megascopically crystalline quartz is
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common in all three stages, but more so in Stages II and III. This 

general paragenetic sequence is present throughout the vein system 

and may be observed on smaller scales as well. Megascopic mineral 

bands within each stage commonly exhibit the general sequence. In 

thin section, this sequence may even be observed toward the center of 

a tiny vug.

Paragenetic "relationships among the three stages of vein 

mineralization are shown in Fig. 7. Detailed mineralogy found in each 

stage of mineralization is discussed in detail below.

Stage I

Stage I vein filling is characterized by conspicuous amounts 

of coarse-grained black calcite with comb quartz lining vugs and vein 

centerlines (Figs. 8,9). Less abundant constituents include crypto

crystalline quartz, fluorite, barite, galena, specularite, and 

manganese oxides.

The paragenetic sequence of the primary minerals within Stage 

I is: (1) black calcite, (2) cryptocrystalline quartz, (3) comb

quartz, (4) galena, and (5) fluorite (Fig. 7). Specularite occurs 

as inclusions in cryptocrystalline quartz, comb quartz, and black 

calcite. Manganese oxides are disseminated in black calcite. Some 

barite occurring with Stage I is attributed to Stage III mineraliza

tion, but volumetrically small amounts of barite are deposited with 

Stage I black calcite. Barite is occasionally replaced by calcite. 

Calcite is the most abundant Stage I vein constituent. Numerous 

colloform bands of black calcite are commonly deposited prior to
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Fig. 8. Stage I Black Calcite, Quartz and Galena.
The quartz fills small spaces between coarse 
calcite grains and insulates the galena from 
the calcite. Ca = calcite; gn = galena; 
q = quartz.
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Fig 9. Stage I Dark Brown "Black" Calcite Bands with 
a Quartz-lined Vug. Limonite stain on the 
weathered surface imparts an orangish color.
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other minerals in the assemblage. Cryptocrystalline quartz occurs as 

intergrowths with very fine-grained black calcite. It is also inter- 

banded with coarse black calcite and forms fine laminations between 

calcite and comb quartz. Early mineral bands may be brecciated, 

fractured, or deformed prior to being capped by undisturbed collo- 

form bands.

The Main Vein is composite, consisting of numerous subparallel 

symmetrical bands, each representing all or part of the paragenetic 

sequence. Many bands consist of only black calcite, very little 

cryptocrystalline quartz, and minor comb quartz. Symmetrical band 

widths range from a few millimeters to tends of centimeters. Indi

vidual bands pinch and swell and generally are not traceable over 

more than a few meters, although some wider bands may be traced over 

several meters. Multiple symmetrical bands are typically parallel 

and in direct contact with one another, but may be divided by slivers 

of schist.

Black Calcite. Black calcite occurs in a variety of modes 

including fine- to coarse-grained colloform bands; wide, massive, 

very coarse-grained bands (Fig. 10); and as fine intergrowths with 

cryptocrystalline quartz. All of the "black" calcite is not truly 

black (Figs. 8,9). The actual colors range from various shades of 

dark brown and grey to black. Small patches of buff and white occur 

locally. Black calcite which has recrystallized in response to 

tectonic stress may be greyish, white, or mottled black and white. 

Crystals often exhibit subtle color banding parallel to
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Fig. 10. Massive Black Calcite from Stage I Vein 
Mineralization.
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crystallographic planes. Twinned crystals are sometimes colored more 

strongly in one twin direction.

Finely disseminated manganese and iron oxide inclusions 

impart the dark color to the calcite. Microprobe study of the calcite 

indicates that the calcite itself is only slightly manganiferous.

The black calcite is considered to be of primary hydrothermal 

origin due to its coarse-grained texture, intergrowths with other 

clearly hydrothermal minerals, and the presence of two-phase fluid 

inclusions similar in character to inclusions occurring in accompany

ing quartz.

Cryptocrystalline Quartz. Cryptocrystalline quartz occurs as 

fine laminar coatings on black calcite between the calcite and comb 

quartz. Cryptocrystalline quartz also occurs finely intergrown with 

black calcite and in colloform interbands between black calcite 

layers. Within these cryptocrystalline quartz-calcite bands are 

very small vugs in which the cryptocrystalline silica grades pro

gressively to light colored sucrose quartz and finally to megascopi- 

cally clear crystalline quartz. The cyptocrystalline quartz bands 

range in width from a few millimeters up to a half meter. Colors of 

cryptocrystalline quartz include shades of red, green, tan, brown,and 

vitreous black. Minor amounts of cryptocrystalline quartz from Stage 

II mineralization occur within the black calcite veins, filling vugs 

and crosscutting the Stage I veins.

Comb Quartz. Clear to pale amethystine comb quartz fills vugs 

and vein centerlines of black calcite veins. Comb quartz may lie
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directly on the calcite crystals or be insulated by fine laminations 

of cryptocrystalline quartz. Small angular vugs lying between faces 

of large calcite rhombs are also filled with clear coarse quartz.

The comb quartz typically fills small vugs completely, but larger 

vugs contain open space with terminated quartz. The grain size of 

the quartz coarsens inward toward the center of the veins and vugs. 

Milky zones or minute inclusions of iron and manganese oxides within 

individual crystals may impart ghosting in the crystals. Fine-grained 

specularite is occasionally present at the base of the quartz 

crystals. The comb quartz also forms symmetrical veinlets transgres

sive to the calcite veins. Strikes of these transgressive veinlets 

fall into three groups: (1) subparallel to the north-northwest

trending black calcite veins, (2) perpendicular to the calcite veins 

with nearly vertical dips, and (3) horizontal.

Galena. Galena occurring as cubes up to several millimeters 

wide is the only megascopic sulfide identified in Stage I vein 

material. Though sparse, galena is common in wider mineral bands 

containing very coarse-grained black calcite. Galena occurs in tiny 

vugs and pockets and along vein centerlines with comb quartz (Fig. 8). 

Galena crystals are euhedral to subhedral, free-standing on or inter- 

grown with quartz, and are generally not in direct contact with 

calcite. Fluorite frequently accompanies galena. Locally, galena is 

partially altered to anglesite and cerussite.

Fluorite. Fluorite is typically sea green to colorless, 

occurring as cubes or poorly formed octahedrons several millimeters
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across. Very fine-grained bright purple cubic.fluorite has also been 

noted but is uncommon. Fluorite occurs in quartz-lined vugs and vein 

centerlines, resting on or intergrown with terminated quartz crystals.

Silver Minerals. Silver minerals include acanthite, jalpaite, 

native silver, and argentiferous hematite and manganese oxides. These 

minerals occur as encapsulated blebs in quartz and calcite and are 

primary. However, some secondary manganese and iron oxide residues 

are present resulting from weathering of black calcite. All are 

extremely fine grained and were identified with the scanning electron 

microprobe. Silver mineralization is discussed in more detail in a 

following section.

Secondary Minerals. Secondary minerals include small amounts 

of anglesite and cerussite replacing galena and iron and manganese 

oxide residues from surface-weathering of black calcite.

Stage II

Stage II mineralization is characterized by abundant, often 

massive cryptocrystalline quartz accompanied by lesser amounts of 

megascopically crystalline quartz (Figs. 11,12,13,14). Other 

moderately abundant primary constituents of Stage II include fine

grained black calcite, barite, fluorite, galena, and iron and 

manganese oxides.. Extremely fine-grained sulfides including pyrite, 

sphalerite, acanthite, chalcocite, and jalpaite are scarce. Lack of. 

gossan and boxwork indicate that sulfides other than galena were 

sparse at the time of deposition as well.
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Fig. 11. Stage II Variegated Cryptocrystalline Quartz 
with Small Vugs Lined with Megascopically 
Crystalline Clear Quartz.
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Fig. 12. Multi-colored Stage II Cryptocrystalline Quartz 
Displaying Very Fine Colloform and Botryoidal 
Textures. The blue material is disseminated 
secondary copper minerals.



41

Fig. 13. Stage II Variegated Cryptocrystalline Quartz.
Note the intricate colloform banding (top) and 
orbicular texture (bottom).
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Fig. 14. Cryptocrystalline Quartz-rich Variegated Stage
II Vein Material. The sample is composed of red, 
green, and white cryptocrystalline quartz, clear 
sucrose quartz, and megascopically crystalline quartz 
in vugs (lower and middle left). Barite is inter- 
grown with green cryptocrystalline quartz (upper 
right).
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The paragenetic sequence of mineral deposition of the major 

Stage II vein constituents is black calcite, cryptocrystalline quartz, 

barite, megascopically crystalline quartz, and fluorite (Fig. 7). 

Manganese and iron oxides occur as minute inclusions within black 

calcite and cryptocrystalline and megascopically crystalline quartz. 

The sulfides occur as disseminations and clots within the cryptocrys

talline quartz. Time overlaps in deposition of the mineral constitu

ents and multiple repetitions of all or part of the paragenetic 

sequence are common.

Secondary minerals include manganese and iron oxides, 

anglesite, cerussite, native copper, malachite, azurite, aurichalcite, 

chrysocolla, wulfenite, vanadinite, and mimetite.

The Stage II mineralization ranges in appearance from very 

massive to vuggy with open space. Leached black calcite sites within 

the cryptocrystalline quartz in conjunction with terminated quartz- 

lined vugs impart a frothy or foamy texture to much of the siliceous 

vein material. Manganese oxide residues are common in the old 

calcite sites.

Stage II mineralization is composite, consisting of repetitive 

subparallel bands, each exhibiting all or part of the paragenetic 

sequence. Earlier bands may be brecciated or plastically deformed 

prior to deposition of a later band. Stage II mineralization exhibits 

open-space filling textures including colloform banding, fine orbicu

lar textures, and comb-quartz-lined vugs and vein centerlines (Figs. 

11,12,13). Individual mineral bands are generally not traceable over
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more than a few centimeters, but groups of pinching and swelling 

siliceous masses are continuous over several meters. Concentric 

bands forming orbicular textures are accentuated by color banding in 

the cryptocrystalline quartz. Orbicular textures are created by 

multi-colored cryptocrystalline quartz laminations concentrically 

arranged around clots of early cryptocrystalline quartz, breccia 

fragments, or quartz-lined vugs (Fig. 13). Orbs and vugs are roughly 

equidimensional or elongate parallel to the enclosing vein walls, and 

are a few millimeters to a few centimeters in diameter. Vugs are 

abundant in Stage II and are lined with stubby, euhedrally terminated, 

colorless to pale amethystine quartz, sometimes accompanied by barite, 

fluorite, and secondary minerals. Vugs may be quite elongate in the 

better-banded vein material.

Stage II mineralization generally exhibits sharp contacts 

with its wall rock, but small zones of quartz-cemented shattered 

schist marked by cockade structure and crackle breccia textures are 

not uncommon. Locally, small quartz veinlets extend a few meters 

away from the vein into the Pinal Schist. Although small wall rock 

fragments caught up within the vein material may be silicified, the 

wall rock itself typically is not.

Although the bulk of Stage II mineralization is adjacent to 

or separated from Stage I material, cryptocrystalline and megascopi- 

cally crystalline quartz from Stage II locally cross cuts and fills 

voids in Stage I. Breccia fragments of Stage I are present locally 

in Stage II.
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Black Calcite. Stage II black calcite is typically fine

grained and intricately intergrown with cryptocrystalline quartz. It 

is most commonly associated with brown and green cryptocrystalline 

quartz. Calcite occurs as fine colloform or concentric bands inter- 

laminated with cryptocrystalline quartz. Fine-grained black calcite 

may lie at the core of clots of very fine-grained cryptocrystalline 

quartz. Black calcite is sometimes wholly or partially replaced by 

cryptocrystalline or sucrose quartz. Colors of the "black" calcite 

range through shades of brown, dark grey, and black. Fine, feathery, 

arborescent, dendritic and clotty manganese oxides are visible in thin 

sections of the calcite. Black calcite also contains inclusions of 

specularite and acanthite. Stage II calcite is often leached, 

leaving manganese oxide residues and imparting a frothy texture to 

the remaining vein material.

Cryptocrystalline Quartz. Colors of the cryptocrystalline 

quartz observed in Stage II include red, maroon, red-orange, pink, 

shades of white, lavender, purplish and orangish brown, silvery grey, 

vitreous black, forest green, dark to light olive green, gold, shades 

of tan, dishwater grey and colorless. Cryptocrystalline quartz of 

darker colors such as maroon, red, brown, forest green and olive 

green tend to be fairly opaque, while quartz of lighter colors is 

usually translucent. A variety of colors often occurs within a single 

siliceous band, imparting an overall variegated appearance to the 

vein material (Figs. 11,12,13,14).
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Scanning electron microprobe and reflected light studies 

indicate that much of the coloration can be attributed to minute 

inclusions of various iron oxides. For example, abundant disseminated 

specularite imparts a dark silvery tone, specularite plus red hematite 

yields maroon, and various limonites produce brown and gold tints.

Color transitions within the cryptocrystalline quartz may be 

abrupt or gradational. Sharp transitions are manifested as lamina

tions of various colors, transgressive veinlets of one color through 

another, or breccia fragments of earlier material cemented by younger 

material. Gradational color transitions occur within a single 

generation of silica and in detail may exhibit subtle progressions 

such as blackish brown to medium brown to greenish brown to olive 

green to goldish green to pale gold to colorless. Color transitions 

typically occur within a few millimeters, but several hairline lamina

tions of contrasting colors may occur within a millimeter, or tran

sitions may span a few centimeters.

Paragenetic relationships between the various colors were 

defined on the basis of progressive colloform and concentric banding 

away from vein walls or breccia fragments, and toward vugs and vein 

centerlines. Cross cutting relationships and breccias involving 

fragmentation and recementation of earlier colors by later colors were 

also utilized.

Paragenetic color sequences of cryptocrystalline quartz are 

summarized in Figs. 15, 16, 17, and 18. Generally, reds and browns 

are earliest, followed by shades of green and tan. Figs. 15 through



,whitemaroon

dark silvery grey;dark olive green

flight green► medium —  
olive green

black ‘forest green

greenish brown greenish tan colorless

gold--- yellowish tan

orangish tan

Fig. 15. Paragenetic Sequences Observed in Colors of Stage II 
Cryptocrystalline Quartz.



pale
olive green

maroon

*white

colorless
white

amethystine
colorless white

dishwater grey;red orange colorless

avender
amethystine

Fig. 16. Paragenetic Color Sequences Observed in Stage II Crypto
crystalline Quartz. Capital lettering indicates abundance 
of that color.



medium.
brown -i dark tan

pale gold — — » colorless •amethystine

light brown
tan:

colorless

white• -►colorless

Fig. 17. Paragenetic Sequences Observed in Colors of Stage II Cryptocrystalline 
Quartz.
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olive

»tan---> colorless •

Sreen^  pale _  
olive

kpale
orange pink

maroon

.whiteX
colorless-- »orange red

— tbx--^dishwater grey
\#

white colorless\
lavender\

amethystine

Fig. 18. Example of a Complex Paragenetic Color Sequence Observed Within a 
Few Centimeters in Stage II Cryptocrystalline Quartz.
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17 are compilations of paragenetic data collected from thirty-seven 

samples of Stage II vein material. The figures show commonly 

observed color sequences and options within the sequences. Some 

samples show simple color sequences involving only a few colors, 

while others exhibit complex sequences involving multiple generations 

of silica. Fig. 18 shows a complex paragenetic color sequence 

observed over a few centimeters in one sample. Colors of the latest 

phases include shades of dishwater grey and minor amounts of red. 

Brecciation and deformation often mark the boundary between the dish

water grey and other colors (Fig. 17). The colorless and pale 

amethystine quartz listed at the ends of the paragenetic sequences 

(Figs. 15,16,17,18) are usually megascopically crystalline quartz. 

Many samples of vein material exhibit repetitions of all or parts of 

a paragenetic color suite. A sample of siliceous vein material 

which displays the general paragenetic color sequence of red-tan- 

white-colorless may display a variety of color sequences such as

red-> t a n r e d -> t a n w h i t e -*■ colorless 
red •> tan->• white-> colorless 
red-»tan-»colorless 
tanwhite-*-colorless

in different portions of the sample.

Within a single generation of cryptocrystalline quartz, the 

paragenetically early quartz tends to be darkly colored, with later 

cryptocrystalline quartz becoming progressively lighter and trans

lucent over time. Coarsening of grain size of the quartz usually 

accompanies lightening of color. Thus a lightening of tint and 

coarsening of grain size is observable away from early black calcite
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clots and toward vugs and vein centerlines. Earlier generations of 

silica are often richer in strongly colored quartz than younger 

generations. For example, the color suite maroon-red-pink-colorless 

is crosscut by dishwater grey-white-lavender-pale amethystine (Figs. 

16,18). Color variegation of the cryptocrystalline quartz enhances 

megascopic textures including fine colloform, botryoidal, and 

orbicular banding. Locally, color laminations in the cryptocrystal

line quartz are perpendicular to the plane of the vein and the 

direction of advancement of the silica as it filled open space (Fig. 

19).

Under the microscope, cryptocrystal1ine quartz grains exhibit 

a variety of shapes and textures. Grain shapes range from roughly 

equidimensional, elongate, and lensoidal to very irregular with 

sinuous interlocking boundaries. Long axes of elongate grains are 

sometimes arranged orthogonally. Thin section studies show that 

cryptocrystalline quartz vein material is almost entirely fine

grained phaneritic crystalline quartz, but a few botryoidal silica 

bands contain chalcedony marked by fanning extinction. Phaneritic 

cryptocrystalline quartz textures commonly overprint very fine 

botryoidal and colloform laminations defined by relict color banding. 

This overprint texture is particularly common adjacent to vugs and 

partings lined with fine-grained megascopically crystalline quartz.

Cryptocrystalline quartz locally replaces black calcite and 

barite. Manganese oxide residues outlining barite blade forms and 

calcite rhombs are visible in thin section.



Fig. 19. Stage II Cryptocrystalline Quartz Fills Space Between
Approximately Symmetrical, Colloform, Stage I Black Calcite 
Bands. Fine-grained, megascopically crystalline quartz 
lines elongate vugs in the cryptocrystalline quartz.
Color laminations and long axes of the vugs in the crypto
crystalline quartz are perpendicular to the overall plane 
of the vein. A clear comb quartz veinlet cross cuts the 
black calcite and the cryptocrystalline quartz. The scale 
bar is 5 centimeters long.
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Barite. Barite occurs as felty mats suspended in crypto

crystalline quartz and as fanning clusters rooted on earlier silica 

bands. Barite occurs in almost all colors of cryptocrystalline quartz 

but is.most commonly associated with shades of brown, tan, and green. 

Barite blades typically are fine-grained, up to a few millimeters in 

length and of hairline widths, but locally they are coarse-grained. 

Barite is sometimes replaced by quartz. Boundaries of replaced 

barite blades may be marked by flecks of manganese oxides which once 

rimmed the blades. Interstitial cryptocrystalline quartz lying 

immediately adjacent to the barite blades is typically darker in 

color and finer-grained than that a millimeter or two away from the 

blades.

Quartz. Megascopically crystalline, clear to pale amethystine 

quartz occurs as fillings and linings in vugs and vein centerlines and 

as transgressive veinlets crosscutting massive cryptocrystalline 

quartz. Quartz crystals are euhedral to subhedral and commonly 

exhibit fine comb structure. Some quartz is recrystallized crypto

crystalline quartz. In thin section, ghosts of relict color lamina

tions of the original cryptocrystalline quartz are visible in the 

younger coarser quartz. Locally, quartz replaces black calcite and 

barite. Recrystallization textures and the gradational transitions 

from very fine-grained cryptocrystalline quartz to megascopically 

crystalline quartz toward vugs suggest that some of the megascopically 

crystalline quartz is an end product of cooling cryptocrystalline 

silica. In vugs and vein centerlines containing both colorless and



amethystine quartz, the colorless quartz is usually paragenetically 

earlier than the amethystine quartz.

Fluorite. Very fine-grained, euhedral fluorite is common in 

Stage II, but is typically visible only at moderate magnification. 

Fluorite usually occurs at the transition from cryptocrystalline to 

megascopically crystalline quartz. It also occurs as minute cubes 

resting on terminated clear quartz crystals in vugs and veinlets. The 

fluorite is colorless to sea green.

Silver Minerals. Silver-bearing minerals identified in Stage 

II include acanthite, jalpaite, and argentiferous manganese and iron 

oxides. Some galena is argentiferous. As in Stage I, the silver 

minerals are primary except for some of the residual iron and manga

nese oxides remaining after leached black calcite.

Secondary Minerals. Secondary minerals including manganese 

and iron oxides, anglesite, cerussite, native copper, malachite, 

azurite, aurichalcite, chrysocolla, wulfenite, vanadinite, and 

mimetite occur in vugs, post-mineralization fractures, and at the 

sites of primary parent minerals. Manganese oxides form sooty resi

dues in leached black calcite sites.

Stage III

Stage III mineralization is marked by abundant barite, quartz, 

and manganese oxides. Both cryptocrystalline and megascopically 

crystalline quartz are present. Stage III also contains fine- to 

coarse-grained black calcite, fluorite, and iron oxides. Extremely

55



fine-grained acanthite and native silver were identified with the 

scanning electron microprobe.

Stage III vein material is composite, consisting of multiple 

parallel to subparallel, symmetrical and assymmetrical bands. Indi

vidual bands are typically narrow, often only a few centimeters in 

width. Earlier bands may be truncated or deformed by younger 

material. Colloform textures, comb structures, and vugs are common. 

Fine orbicular textures on the order of a few millimeters or less are 

common in cryptocrystalline quartz-rich bands. Shattering due to 

post-mineralization tectonic movement along the fissure in conjunction 

with weathering of black calcite has reduced much of the Stage III 

vein to sooty incohesive material.

The paragenetic sequence of black calcite, cryptocrystalline 

quartz, barite, megascopically crystalline quartz, and fluorite 

present in Stages I and II vein material is also displayed by Stage 

III (Fig. 7). However, barite tends to be ubiquitous and is commonly 

deposited contemporaneously with other members of the paragenetic 

sequence. Fluorite occurs with megascopically crystalline quartz.

Vugs and vein centerlines are typically lined with terminated, color

less to pale amethystine quartz with or without barite or fluorite. 

Fine-grained specularite is commonly disseminated in the crypto

crystalline quartz, often occurring at the transition between 

cryptocrystalline and megascopically crystalline quartz. Manganese 

oxides, sometimes accompanied by iron oxides, occur as inclusions 

mostly in calcite, but also in barite and cryptocrystalline and
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megascopically crystalline quartz. Abundant sooty manganese oxide 

coatings and residues stemming from the dissolution of black calcite 

occupy old calcite sites, vugs, fractures, and partings in the vein 

material (Figs. 20,21,22).

Individual colloform or symmetrical bands may be dominated by 

one or two minerals of the paragenetic sequence, or may display the 

entire suite. Multiple reopenings of the fissure during Stage III 

deposition accompanied by new influxes of vein material are 

reflected by repetitions of all or parts of the mineral suite and by 

parallel symmetrical banding. Consequently, black calcite bands may 

cap an earlier generation of calcite-quartz-barite.

Black Calcite. Black calcite in Stage III mineralization is 

fine- to coarse-grained, forming thick to thin colloform bands (Fig.

23). It also occurs as fillings around barite blades and as fine 

intergrowths with cryptocrystalline quartz. Individual calcite bands 

are up to several centimeters wide. Cryptocrystalline quartz may 

be finely interlaminated with the calcite or form a network between 

clots of fine-grained calcite.

The various shades of black and brown coloration of the 

calcite are controlled by the abundance and distribution of very 

fine-grained manganese and iron oxide inclusions in the calcite grains. 

Color variations and interlaminations with other minerals enhance 

colloform textures. Calcite which has replaced barite or recrystal

lized in response to tectonic stress is often white or mottled 

black and white.



Fig. 20. Sooty Manganese Oxide Coatings on Stage III Black 
Calcite-barite-cryptocrystalline Quartz Vein.
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Fig. 21. Stage III Tan Cryptocrystalline Quartz, White
Barite, and Clear Quartz. Most of the black calcite 
has been leached, leaving sooty manganese oxide 
residues in open spaces and along partings once 
occupied by calcite.
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Fig. 22. Stage III Tan, Brown, and White Cryptocrystal1ine 
Quartz, Clear Quartz, and Barite with Sooty 
Manganese Oxide Residues in Leached Black 
Calcite Sites. Leaching of calcite which was once 
finely intergrown with cryptocrystalline quartz 
imparts a frothy texture to the remaining vein 
material.
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Fig. 23. Stage III Black Calcite, Barite, Cryptocrys
talline Quartz and Clear Quartz. Brown and tan 
cryptocrystalline quartz is finely intergrown with 
black calcite. Clear coarse-grained quartz and 
tan cryptocrystalline quartz fill interstitial 
space around barite blades.



Manganese oxides occur typically as irregular clots and 

blotches disseminated throughout the calcite crystals, but they also 

occasionally are concentrated along crystallographic planes. Micro

fractures across crystal grains may contain manganese and iron 

oxides.

Leaching of black calcite produces cavities and partings 

within the vein which are filled with sooty manganese and iron 

oxides and minor amounts of caliche-like residues (Figs. 20,21,22).

Cryptocrystalline Quartz. Cryptocrystalline quartz occurs in 

bands up to several centimeters in width. It also forms fine inter- 

growths with black calcite and interstitial fillings around barite 

and calcite grains. Locally, microveinlets of cryptocrystalline 

quartz crosscut coarse calcite grains. Common colors of quartz 

include shades of brown and tan (Fig. 22), accompanied by less 

abundant reds, greens, gold, and white.

Stage III cryptocrystalline quartz shares many characteristics 

in common with Stage II cryptocrystalline quartz. Color paragenetic 

sequences are similar, with an overall progression from dark colors 

to light colors and tints. Lightening of coloration usually corres

ponds with coarsening of grain size. Cryptocrystalline quartz grain 

size coarsens away from other mineral grains in contact with it and 

toward quartz-lined vugs and vein centerlines. Fine laminar, 

colloform, botryoidal, and orbicular textures enhanced by color 

variation are common. In thin section, the bulk of the cryptocrys

talline quartz is seen to be phaneritic quartz, but very small
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amounts of chalcedony are present locally as well. Phaneritic 

textures may overprint botryoidal and colloform textures. Crypto

crystalline grains often share irregular and sinuous interlocking 

grain boundaries. Tan cryptocrystalline quartz often contains 

unsupported felty mats of barite or wisps of disseminated fine

grained specularite.

Barite. Barite blades typically range in size from 1 to 20 

millimeters, but they occasionally reach several centimeters in 

length. Barite occurs as white fanning clusters (Figs. 21,23) rooted 

on earlier mineral bands or as unsupported radiating clusters and 

mats suspended in cryptocrystalline quartz or black calcite. Very 

fine-grained clusters with interstitial cryptocrystalline quartz 

filling are sometimes attached to the margins of coarse barite blades. 

Barite may contain or be rimmed by manganese oxide inclusions.

Quartz and calcite may wholly or partially replace barite. Edges of 

blades may be corroded and embayed, or patches of the replacing 

mineral may be scattered throughout the interior of the blades.

Calcite replacing barite is black, brown, or white in color. Man

ganese oxides which once rimmed barite or were inclusions in it 

define earlier barite blade patterns in areas which are now largely 

occupied by quartz and calcite.

Quartz. Megascopically crystalline quartz fills vugs and vein 

centerlines. Crystals are frequently terminated and exhibit comb 

structure. Quartz is amethystine or colorless to slightly milky. 

Fine-grained specularite and manganese oxide inclusions may occur in



the quartz, typically concentrated at the base, or along crystal

lographic planes of the quartz.

Fluorite. Minor amounts of colorless to pale green, very 

fine- to coarse-grained fluorite occur intergrown with quartz in vugs 

and vein centerlines.

Silver Minerals. Silver minerals identified with the scanning 

electron microprobe include acanthite and native silver. Argentifer

ous manganese oxides and hematite also occur in Stage III vein mate

rial. The acanthite and native silver appear to be primary. Most 

argentiferous manganese and iron oxides present appear to be secondary, 

occurring as residues derived from leached black calcite.

Secondary Minerals. Secondary minerals identified in Stage 

III include manganese and iron oxide residues resulting from weather

ing of black calcite. Post-mineralization fault movement along the 

fissure has been localized largely in Stage III vein material. The 

resulting shattering of vein material has permitted much more exten

sive weathering and leaching of black calcite in Stage III than in 

Stages I and II.

Latite Dike

A small dike containing very abundant fragments of multi

colored cryptocrystalline quartz, coarse-grained clear quartz, black 

calcite, and earlier latite (Fig. 24) is poorly exposed at the 

southern end of the vein system. This latite breccia parallels and 

locally crosscuts Stage I vein material. The abundance of variegated 

cryptocrystalline quartz vein fragments in the breccia indicates that
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Fig. 24. Latite Breccia Containing Very Abundant Stage I 
and II and Early Latite Fragments in a Latite 
Matrix.
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the breccia is probably later than Stage III as well as Stage I.

Latite dikelets one to two centimeters in width crosscut and cap comb 

quartz in Stage I vein material (Fig. 25). The lack of barite-bearing 

fragments and the presence of barite veinlets cross-cutting the 

latite breccia indicate that Stage III mineralization followed forma

tion of the breccia. Vein and earlier latite fragments are angular 

to subangular. They are variably sized, ranging from less than one 

millimeter to a few centimeters in diameter. Smaller fragments 

consist of shattered quartz and calcite crystals. The abundance, 

fine fragmentation, and mixing of the fragments indicate that this 

igneous episode was explosive.

Silver Distribution

Owing to the fine-grained nature of the silver minerals, none 

was identified either during the course of field work or during 

detailed reflected-light microscope studies. Therefore, a scanning 

electron microprobe quantometer was employed in order to determine 

the mineralogic character and distribution of silver in the vein 

material. The instrument used is located in the Department of Lunar 

and Planetary Sciences at the University of Arizona. Ten polished 

sections were prepared and analyzed from representative samples of 

vein material collected from each of the three stages of mineraliza

tion. The search for silver mineralization was conducted in a 

reconnaissance fashion by traversing across mineral banding with a 

sweeping electron beam, mapping elemental silver distribution. 

Photographs were taken of some of these raster scan elemental maps
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Fig. 25. Stage I Black Calcite and Clear Comb Quartz 
Cross Cut by Latite Dikelet.
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(Figs. 26,27,28,29). Particular attention was paid to minerals 

suspected of being argentiferous, such as galena and manganese 

oxides. Manganese oxides were suspected of being argentiferous due 

to the association of high manganese oxide content with high silver 

values. As well, silver-bearing manganese oxides have been docu

mented in other black calcite deposits "in the western United States 

(Radtke, Taylor and Hewett, 1967; Hewett and Radtke, 1967).

Quantitative analyses were hampered since the manganese 

oxides do not sustain a good polish owing to their softness, fria

bility, and fine-grained nature. Impregnation of samples with an 

epoxy polymer abated this problem somewhat. In addition, the 

detection limits of the instrument used limited quantitative results 

to material containing more than 30 ppm silver. However, good 

qualitative results were obtained as far as delineating the mineral- 

ogic occurrences and distribution of silver was concerned.

Data obtained during the course of microprobe studies are 

as follows:

Stage I

acanthite-jalpaite in cryptocrystalline quartz (Figs.
26,27)

argentiferous manganese oxides in cryptocrystalline quartz 

argentiferous manganese oxides in black calcite 

native silver in cryptocrystalline quartz 

argentiferous hematite in cryptocrystalline quartz
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Silver Scan

Silica Scan

acanthite

quartz

manganese
oxide

quartz

Fig. 26. Series of Polaroid Photographs Showing Successive 
Microprobe Elemental Scans of Silver and Silica 
in Stage I Vein Material. Acanthite is Surrounded 
by quartz. Manganese oxides in quartz are not 
argentiferous. Magnification = 250X.
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Silver Scan

Calcium Scan

Silica Scan

quartz

calcite rim

Fig. 27. Series of Polaroid Photographs Showing Successive 
Microprobe Elemental Scans of Silver, Calcium, and 
Silica in Stage I Vein Material. Acanthite-jalpaite 
grain rimmed by calcite and surrounded by quartz. 
Magnification = 500X.
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Silver Scan

acanthite-jalpaite (center)

Copper Scan

Sulfur Scan

-r I
--- "  r

-

Fig. 28. Series of Polaroid Photographs Showing Successive 
Microprobe Elemental Scans of Copper, Sulfur, and 
Silver in Stage II Vein Material. Acanthite-jalpaite 
is at center and surrounded by quartz. Magnification 
= 1000X.
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Fig. 29. Series of Polaroid Photographs Showing Successive 
Microprobe Elemental Scans of Silver, Manganese, 
and Silica in Stage III Vein Material. Irregular 
shaped argentiferous manganese oxide grains are 
surrounded by quartz. Magnification = 500X.
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Stage II

acanthite-jalpaite in cryptocrystalline quartz (Fig. 28) 

argentiferous hematite in quartz

argentiferous manganese oxides in cryptocrystalline 
quartz

Stage III

acanthite in cryptocrystalline quartz

argentiferous manganese oxides in cryptocrystalline 
quartz (Fig. 30)

argentiferous manganese oxides in black calcite 

argentiferous manganese oxides in barite 

native silver in cryptocrystalline quartz 

argentiferous hematite in cryptocrystalline quartz 

Silver was found to occur in sulfides, in manganese oxides in crypto

crystalline quartz and black calcite, in iron oxides in quartz, and 

in native form in quartz. Galena grains analyzed were not found to 

be argentiferous, but assays indicate that some Stage II galena is 

highly argentiferous (David Cook, personal communication, 1984). 

Acanthite (AggS) occurs as disseminations in cryptocrystalline quartz. 

Some silver sulfide grains contain 0.16 to 16.02 weight percent Q^S, 

ranging from slightly cupriferous acanthite to near jalpaite (SAggS* 

Q^S) in composition. Disseminated argentiferous manganese oxides 

were identified in both black calcite and quartz. Many manganese 

oxides, particularly in the black calcite, are not argentiferous.

Both argentiferous and non-argentiferous manganese oxide grains often 

contain one or more of a variety of other elements including barium.
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lead, iron, zinc, and copper. Most iron oxides are not argentiferous. 

Silver is often irregularly distributed within iron and manganese 

oxide grains. Disseminated native silver exhibiting very diffuse 

grain boundaries was noted in one sample. Fine-grained disseminated 

sphalerite was identified in Stage II cryptocrystalline quartz. 

Although no cerargyrite was identified, it reportedly was an important 

ore mineral in the high-grade material mined during early years of 

production (Blauvelt, 1889; Mersey, 1953; Covorocesses, 1948).

The acanthite, jalpaite, native silver, argentiferous galena, 

and some of the argentiferous manganese oxides and hematite are 

primary. Argentiferous manganese and iron oxide residues derived 

from leached black calcite are secondary. Early reports of the 

presence of cerargyrite and near-surface silver ore grades exceeding 

100 ounces per ton (Blauvelt, 1889) are indicative of supergene 

enrichment. However, samples of presently unmined vein material from 

drill core and old mine workings show no significant mineralogical or 

grade changes with depth.

Past production has largely been from Stage II vein minerali

zation which carries the highest silver values. Grades averaged 

between 14 and 23 ounces per ton (500 to 800 ppm) (Mersey, 1953; 

Farnham, 1961; Covorocesses, 1974), although high grade pockets 

exceeding 100 ounces per ton were mined during the early days of 

production (Blauvelt, 1889). Most of Stage III is now mined out.

The remaining vein material, including Stages I, II, and III, averages 

between 4 and 5 ounces per ton (140 to 170 ppm) (David Cook, personal
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communication). Stage I is lowest in grade, with typical assays of 

about one ounce per ton. Values increase with increasing silica 

content. Stage II contains 3 to 5 ounces per ton (100 to 170 ppm).

A sample collected from remaining Stage III during the course of this 

study assayed 17.18 ounces silver per ton (589 ppm). Silver grades 

and other metal values do not reflect any recognized zoning along the 

strike length of the vein or with depth (David Cook, personal communi

cation) .

Manganese Oxides

Manganese oxides were analyzed with the microprobe to deter

mine (1) whether or not they are argentiferous, and (2) what other 

elements, if any, are present. A variety of elements are found in the 

manganese oxides, including Ag, Ba, Pb, Zn, Cu, Ca, Si, and S. Not 

all manganese oxides analyzed are argentiferous. Raster elemental 

scans of individual grains showed that the distribution of these other 

elements in the manganese oxides is sometimes erratic.

Various manganese oxides frequently admix with one another as 

well as with iron oxides, clays, and silica (Palache, Berman, and 

Frondel, 1944). The presence of much of the Pb, Ba, Ag, Zn, Fe, Cu, 

and Ca can be attributed to elemental substitution of these elements 

for Mn+  ̂and to admixtures of psilomelane, hollandite, coronadite, 

chalcophanite, and todorokite. Trace amounts of hetaerolite (ZnMngO^), 

crednerite (CuM^O^), and quenselite (PbMnC^(OH)) may also be present. 

Radtke, Taylor and Hewett (1967) have shown that chalcophanite and 

todorokite may contain substantial amounts of silver as well as Cu, K,
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Pb, Ca, and Ba substituting for divalent manganese. Manganese oxides 

are also capable of adsorbing alkali, alkali earth, and heavy metals 

(Palache, Berman, and Frondel, 1944). The presence of Pb and Ba in 

quantities greater than those permitted by the stoichiometry of 

psilomelane, hollandite, and coronadite may be due to such adsorption.

Determination of the exact mineralogy and stoichiometry of 

the manganese oxides is limited by the inability to distinguish 

adsorbed elements and admixed oxides from those incorporated into the 

manganese oxide crystal structure with the microprobe. For example, 

the presence of iron oxide and silica with the Reymert manganese 

oxides probably represents the admixture of hematite, limonite, and 

silica with the manganese oxides, but the presence of bixbyite and 

braunite cannot be ruled out. X-ray analyses of individual mineral 

grains, which is beyond the scope of this study, would shed light 

on this problem.

Oxygen, Sulfur, and Carbon Dioxide Fugacities

Stabilities of calcite, anhydrite, barite, witherite, 

hematite, magnetite, pyrolusite, alabandite, galena, and anglesite as 

a function of fO^ and fS^ at log fCOg = -13 and 250°C are shown in 

Fig. 30. No thermodynamic data exist for manganese oxides such as 

coronadite, psilomelane, chalcophanite, and todorokite. Since most 

of the manganese in these minerals is in the +4 oxidation state, MnOg 

was chosen for the construction of the phase diagram. The coexistence 

of hematite, galena, calcite, barite and manganese oxides in the 

Reymert vein material place narrow limits on possible fS^ and fO^
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250*C

Log fCOg— 13

- 3 0 -

Log fOz

Fig. 30. Stability Fields of BaCOj, BaSO^, CaCOj, CaSO^, 
MnS, Mn02, MnCOj, Fe2®3> F63O4, PbS, and PbS04 
as a Function of fOg and fS2 at log fC02 = -13 
and 250°C. The shaded area shows fS2 and f02 
values at which galena, hematite, calcite, barite, 
and pyrolusite are still stable./
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values present during deposition. Calcite and barite stabilities at 

250°C are a function of fS^, fOg, and fCOg. The coexistence of 

hematite and galena places limits of -34.6 and -31.8 on log fC^.

Within this fO^ range, log fCO^ must be less than -12.7 in order for 

pyrolusite rather than rhodochrosite to be stable according to the 

reaction

MnC03 + h02 = Mn02 + CC>2

A log fC02 value of -13 was chosen for construction of Fig. 30. A 

lower fC02 value would shift the barite-witherite and calcite- 

anhydrite stability lines to the left on the phase diagram. The log 

fC02 value of -12.7 or less seems unduly low, but is necessary for 

coexistence of the mineral assemblage as assumed.

Silver Deposition

The presence of primary hematite, barite, and manganese 

oxides as well as the scarcity of sulfides in the Reymert veins 

suggests that mineral deposition occurred in an oxidizing environment. 

Oxidation of the hydrothermal fluids may have occurred as the fluids 

passed through the fractured Pinal Schist. Disseminated hematite in 

the schist may have been an oxidant. Deposition of Ag2S may be 

accomplished via oxidation if the silver in solution is complexed 

with bisulfide by the reaction

2Ag (HS) 2 + 6%02 = Ag2S + 3HSO^ + h ^ O

The increase of HSO^ resulting from this reaction would favor barite
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deposition. Oxidation of the hydrothermal fluids would also increase 

the pH of the solution which would in turn favor calcite deposition.

In contrast, Ag^S deposition from silver in solution complexed 

with ammonia or chloride, via the reactions

2AgCl + H2S = Ag2S + 2HC1

and

2Ag(NH3)+ + H2S = Ag2S + 2NH3 + 2H+ ,

requires consumption of H2S and has the effect of decreasing pH.

These conditions do not favor co-precipitation of calcite and barite 

with the Ag2S.



CHAPTER 5

ALTERATION

Wall rock alteration associated with the Reymert Vein 

mineralization is generally weak and limited to hematite staining, 

weak sericitization, and weak argillization. Alteration in the Pinal 

Schist and the latite are discussed individually below.

Pinal Schist

Red hematite stains the Pinal Schist up to several meters 

away from the veins. The red hematite stain is commonly pervasive 

immediately adjacent to the vein, but away from the vein it forms red 

halos around partings parallel to foliation and along fractures 

parallel to the veins. Muscovite in the schist is locally argillized. 

In thin section, a minor amount of serpentine was noted, possibly 

replacing biotite. Small schist fragments caught up in siliceous 

vein material may exhibit silicification, strong hematite stain, or 

blue copper oxide stain. Brecciated wall rock displaying cockade 

structure with abundant quartz veinlets typically is not silicified.

Latite

Latite shows patchy megascopic bleaching, argillization and 

hematitic stain. In thin section, both feldspars exhibit sericitiza

tion, kaolinization, and limonitic stain. Vesicles may be filled
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with black or white calcite and cryptocrystalline quartz. Chemical 

interaction between wall rock and vein filling fluids appears to have 

been very minor.



CHAPTER 6

FLUID INCLUSION STUDY 

Method of Study

One hundred and twenty-six fluid inclusions in Reymert vein 

material were studied. One hundred and eighteen fluid inclusions 

were in quartz, five in barite, and three in black calcite. At room 

temperature, all inclusions contain liquid and vapor phases. No 

daughter products are present. All are liquid-rich with a small vapor 

bubble, except for two vapor-rich inclusions in quartz. The size of 

fluid inclusions yielding usable data ranged from five to thirty 

microns in diameter.

In order to determine primary filling temperatures of the vein 

material, an attempt was made to collect data from primary fluid 

inclusions only. The criteria used in identifying primary inclusions 

included occurrence of the inclusions within a single crystal, larger 

size, and roughly equant dimensions. Inclusions occurring along frac

tures and grain boundaries, groups of small inclusions forming veils 

through crystals, and necked down inclusions were excluded.

Each of Stages I, II, and III yielded different inclusion 

characteristics. Fluid inclusion data from Stage I vein material were 

collected from quartz occupying vugs and vein centerline fillings 

within black calcite bands. Inclusions with phase ratios similar to 

those in quartz were observed in black calcite, but fracturing along
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cleavage planes around 200°C prior to complete homogenization of the 

inclusions made valid data collection from the calcite impossible. 

Fluid inclusions from Stage II were all in quartz. No inclusions 

were found within the very fine-grained cryptocrystalline quartz. 

Inclusions were found scattered throughout moderately fine-grained 

cryptocrystalline quartz immediately adjacent to clots of very fine

grained cryptocrystalline quartz and in later megastopically crystal

line quartz. Stage III fluid inclusion data were obtained from quartz 

and barite. Fracturing along cleavage planes during heating and 

freezing limited the collection of valid data from the barite.

Homogenization Temperatures

Histograms of homogenization temperatures collected from all 

three stages of vein mineralization and from each individual stage 

are shown in Fig. 31. Combined temperatures of homogenization 

collected from all vein material range from 134° to 4520C, with a 

modal range of 150° to 175°C. Homogenization temperatures obtained 

from Stage I range from 155° to 452°C with a modal range of 150° to 

200°C and a smaller peak at 275° to 300°C. Temperatures from Stage 

II range from 134° to 258°C with a modal range of 200° to 225°C.

Stage III homogenization temperatures range from 138° to 410°C, 

with a modal range of 150° to 175°C and a smaller peak at 225° to 

250°C.
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Boiling

Two vapor-rich inclusions were noted in Stage III vein 

material, each coexisting with a liquid-rich inclusion. In each 

pair, the homogenization temperature of the liquid-rich inclusion 

was approximately equal to that of the vapor-rich inclusion, pro

viding evidence of boiling in the system during vein deposition under 

high temperature conditions. The first pair lay within a single 

quartz crystal. The vapor-rich inclusion homogenized at 410°C and 

the liquid-rich inclusion at 403°C. The second pair lay in quartz 

on either side of a ciyptocrystalline quartz clot. The vapor-rich 

and liquid-rich inclusions homogenized at 370°C and 371°C, respec

tively.

Salinity

Salinities of the fluids contained in fifteen inclusions in 

quartz, five from each stage of mineralization, were determined by 

recording the freezing point depressions of the fluids. Decrepitation 

during cooling of the inclusions and lack of freezing despite super

cooling to -195°C resulted in sparse salinity data. Histograms of 

salinities collected from all three stages of vein mineralization and 

from each individual stage are shown in Fig. 32. Salinities 

collected from all vein material ranged from 6.6 to 23.2 weight 

percent equivalent NaCl, with a modal range of 12 to 14 weight per

cent equivalent NaCl. Salinities are distributed among the three 

stages of vein material as follows:
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Stage I 6.6 to 23.2 wt % equivalent NaCl 

Stage II 11.0 to 14.7 "

Stage III 9.7 to 19.0 " 11 "

Discussion of Temperature and 
Salinity Data

Homogenization and freezing data show that all three stages 

of vein mineralization were deposited from moderately saline, moderate 

to low temperature fluids. Data from Stage 1 and Stage III display a 

wide temperature range while those from Stage II fall within a 

narrower range. Evidence of boiling was noted only in Stage III.

The wide range of homogenization temperatures may be explained 

by (1) low homogenization temperatures corresponding to secondary 

inclusions which were incorrectly identified as primary, or (2) the 

fluid inclusions record gradual cooling over time, supported by the 

observation that some of the inclusions yielding cooler homogenization 

temperatures lie near the edges of coarse crystal grains, and higher 

temperature inclusions were found adjacent to clots of early crypto

crystalline quartz.

The higher homogenization temperatures recorded from the 

Reymert vein material are somewhat greater in value than those con

sidered typical of epithermal systems (Lindgren, 1933; Sillitoe,

1976; Buchanan, 1981). Salinities of the fluid inclusions studied in 

the Reymert material are substantially higher than those typical of 

epithermal systems (Sillitoe, 1976; Buchanan, 1981). The high 

salinities of the hydrothermal fluids attending deposition of the
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Reymert mineralization suggest a magmatic rather than meteoric source 

for the fluids. The rocks hosting the mineralization consist of 

Precambrian quartz-muscovite schist, diorite, and latite. No sedimen

tary rocks are evident in the area from which circulating meteoric 

fluids could dissolve salts, unless hidden thrusting has emplaced 

the schist on top of younger sediments.

Geobarometry

No pressure correction is necessary for homogenization 

temperatures of coexisting vapor- and liquid-rich inclusions which 

homogenize at the same temperature. Boiling temperatures in conjunc

tion with salinity data allow estimation of pressure in the vein 

system during formation. Salinity data were not obtained from either 

pair of vapor- and liquid-rich inclusions, but if a 15 weight percent 

NaCl solution is chosen as representative, data from Cunningham (1978) 

show that such a solution boils at 405°C at 260 bars pressure, and a 

370oC solution will boil at 170 bars pressure. The difference in 

pressure estimates derived from these two pairs of inclusions may 

reflect local pressure changes in the hydrothermal system during 

Stage III vein deposition. Data are too sparse to infer a radical 

pressure change over the entire system.

Pressure corrections for the liquid-rich inclusions not 

paired with vapor-rich inclusions were not made due to the scarcity 

of vapor-rich inclusions and salinity data. However, if an average 

pressure of 215 bars and salinity of 15 weight percent were chosen as 

representative, pressure corrections of homogenization temperatures



would range from an addition of 40°C for inclusions homogenizing at 

150°C to 8°C for those homogenizing at 400°C. This would raise the 

modal range for all inclusions to 200° to 225°C.

Under hydrostatic conditions, the estimated pressure values 

of 170 and 260 bars would correspond to 1800 and 2800 meters depth, 

respectively, assuming an average density of .95 grams per cm^ for the 

fluid column. If lithostatic conditions prevailed, 170 bars pressure 

would require a rock cover of only 640 meters and the 260 bars a 980 

meter cover. Most likely, conditions were lithostatic or intermediate 

between lithostatic and hydrostatic. An extremely high erosion rate 

would have to be called on in order to strip away 2800 meters of rock, 

which would almost certainly have been all volcanics, within 20 mil

lion years. The lithostatic depth estimates fall within the range of 

under 1000 meters considered to be typical of depths of formation of 

epithermal systems (Park and McDiarmid, 1975; Buchanan, 1981).



CHAPTER 7

COMPARISON WITH OTHER EPITHERMAL DEPOSITS

The Reymert vein system displays several characteristics 

which are typical of epithermal deposits. These include:

1) Veins exhibit classic, well-developed, open-space filling 

textures.

2) The precious metal content of the vein system makes it of 

economic interest.

3) Mineralization is controlled by faults and fractures.

4) Gangue minerals include quartz, calcite, barite, and fluorite.

5) Mineralization is associated with Tertiary volcanism.

However, the Reymert differs from well-known epithermal deposits such 

as Tonopah, Nevada, Comstock, Nevada, the Silverton and Creede Dis

tricts, Colorado, Pachuca, Mexico and Tayolita, Mexico, in several 

ways:

1) Sulfides and base metals other than lead are very rare at 

the Reymert. Iron occurs as primary oxides rather than as sulfides. 

Although the precious metal contents of the other vein systems named 

above are of primary economic importance, small to moderate amounts 

of sphalerite, galena, copper sulfides, and pyrite are present.

2) Manganese at the Reymert occurs as primary oxide inclusions 

in calcite, quartz, and barite, whereas the manganese-bearing
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primary mineral phases in the other deposits are largely rhodochrosite 

and rhodonite, and in some cases, alabandite.

3) The gold content of the Reymert is extremely low. Gold is 

present in detectable amounts only locally.

4) Fluid inclusion salinities from the Reymert are substantially 

higher than those of the other epithermal deposits.

5) Precambrian basement rocks rather than the mid-Tertiary vol- 

canics associated in time with the mineralization host most of the 

veins.

Some of these characteristics that set the Reymert apart from 

other epithermal deposits mentioned above may be found in other 

mineral deposits and occurrences in the western United States. For 

example, the Katherine portion of the Katherine-Oatman district, 

Arizona, is characterized by gold veins with very little silver, 

hosted in part by Precambrian basement rocks (Buchanan, 1981). Gangue 

includes quartz, calcite, fluorite. The veins lack base metals and 

are very low in sulfide content. The Reymert shares several charac

teristics in common with the Escalante Silver Mine, southwestern Utah, 

and the 16 to 1 Mine, Silver Peak, Nevada. The Escalante veins are 

characterized by open-space filling textures, persistent strike 

length, a low base metal, sulfide and gold content, and gangue con

sisting of quartz, barite, black and white calcite, and fluorite 

(Marlin, 1983). Iron occurs as specularite disseminated in fine

grained quartz. Silver minerals include microcrystalline argentite, 

acanthite-jalpaite, cerargyrite-embolite, and native silver (Marlin,
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1983). The 16 to 1 Mine is a silver-gold vein system occupying a 

northeast-trending fissure in late Miocene volcanics (Young, 1983).

The veins contain cryptocrystalline quartz, dark calcite with man

ganese oxide inclusions, minor barite, and base metal sulfides.

Silver minerals include acanthite, proustite, pyrargyrite, and native 

silver (Young, 1983).

Subeconomic mineral occurrences associated with Tertiary 

volcanics and exhibiting mineralogy and vein textures similar to 

those at the Reymert Mine are present in western Arizona and south

eastern California. The Aguila District, Maricopa County, Arizona, 

has veins of black calcite, barite, quartz, chalcedony, fluorite, and 

argentiferous manganese oxides (Hewett, 1964). The Kofa and Castle 

Dome Mountains, Yuma County, Arizona, contain silver- and gold-bearing 

black calcite-quartz-fluorite-barite-adularia veins (Wilson, 1933; 

Hewett, 1964; Keith, 1978). Black calcite-quartz-fluorite-barite- 

galena-acanthite-iron and manganese oxide-wulfenite-celestite veins 

occupy northwest- to northeast-trending faults in the Silver District, 

La Paz County, Arizona (Wilson, 1933; Parker, 1966; Keith, 1978; 

Pietenpol, 1983). The Sacramento Mountains, California, host black 

and white calcite-barite-hematite-acanthite-covellite-chrysocolla 

veins (Schuiling, 1978).

The Reymert mineralization shares some characteristics in 

common with the epithermal manganese oxide ores of the Luiz Lopez 

District, New Mexico. Luiz Lopez gangue consists of fine-grained 

quartz, black and white calcite, hematite, and rare barite and
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fluorite (Norman, Bazrafshan, and Eggleston, 1983). Although the 

mineralogy is similar, the ratio of manganese oxides to other vein 

minerals is much higher at Luiz Lopez than at the Reymert. Some Luiz 

Lopez manganese oxides are argentiferous and contain other elements 

such as Pb, Zn, Cu, W, and Be as well (Norman, Bazrafshan, and 

Eggleston, 1983).

Hewett and Radtke (1967) divide black calcite-bearing deposits 

in the western United States mining districts into two groups. The 

first group is late Cretaceous to early Tertiary in age and is asso

ciated with granitic intrusions. These deposits form via replacement 

of Paleozoic carbonate host rocks. Barite is persistently present, 

but fluorite is absent. The dominant forms of silica are quartz and 

jasperoid. Silver content is typically higher than that of the second 

group. The second group is mid-Tertiary in age, associated with 

volcanism, and typically occurs as fissure fillings in the volcanics. 

Vein material consists of banded black calcite, manganese oxides with 

minor barite, fluorite, chalcedony, and rare quartz. The silver . 

content of these veins is low, rarely exceeding 30 ppm. The Reymert 

vein fits into the second group in that it is a fissure-filling 

related to mid-Tertiary volcanism and is fluorite-bearing. However, 

the high silver values, the abundance of barite, quartz, and crypto

crystalline silica and the rarity of chalcedony are characteristics 

more akin to the first group.



CHAPTER 8

SUMMARY AND CONCLUSIONS

Mineralization at the Reymert Mine is largely confined to 

a north-northwest-trending fissure cutting Precambrian Pinal Schist. 

The vein system exhibits classic open-space-filling textures char

acteristic of epithermal systems. Abundant silver and moderate 

amounts of lead are present, but the system is poor in gold and 

base metals other than lead. Wall rocks contain no disseminated 

silver mineralization and exhibit sharp contacts with vein material. 

Although the bulk of the veins are hosted in Pinal Schist, the 

mineralization is related in time and space to mid-Tertiary latitic 

volcanism.

The mineralogy of the vein system is characterized by black 

calcite, cryptocrystalline and megascopically crystalline quartz, 

barite, fluorite, and manganese and iron oxides. Three stages of 

veining are defined, each characterized by an abundance of black 

calcite, cryptocrystalline quartz, or barite. Silver ore minerals 

include acanthite, jalpaite, native silver, and silver-bearing 

manganese and iron oxides. Some galena is argentiferous.

Fluid inclusion studies revealed that fluids attending deposi

tion of vein material were low to moderate in temperature and 

moderately saline. Evidence for boiling at 370° and 405°C was noted.
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Utilizing the boiling temperatures in conjunction with salinity data, 

a depth of formation of 640 to 980 meters under lithostatic conditions 

is suggested.
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