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ABSTRACT

The Swisshelm mining district is situated in the northern Swiss- 

helm Mountains, Cochise County, Arizona. The range is an eastward-tilted 

fault block complex consisting of a Precambrian basement overlain by Pa

leozoic sedimentary rocks. Laramide(?) and Tertiary intrusive and extru

sive rocks are also present. The range is cut by both eastward-dipping 

thrust faults and high- and low-angle normal faults.

Silicic replacement bodies, or jasperoids, related to Tertiary 

volcanism rather than the mineralized dikes, crop out conspicuously north 

of the mining activity. The distribution of jasperoid is controlled both 

by faults and by favorable limestone beds.

Studies of the jasperoid suggest that it is limestone replaced by 

silica gel which then crystallized to microcrystalline quartz. Coarse

grained quartz precipitated directly from solutions in open spaces. Flu

id inclusion study suggests homogenization temperatures of coarse-grained 

quartz from 145 to 216°C. Microprobe analyses of aluminum in varieties 

of quartz suggest that microcrystalline quartz formed at temperatures 

higher than 216°C. Geochemical analyses show that the jasperoid is near

ly pure Si02« Decreasing temperature and increasing P^Q^ solutions 

carrying silica encouraged replacement of limestone by flow through per

meable fault zones and by diffusion.
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INTRODUCTION

The northern Swisshelm mining district consists of several small 

mines including the Chance, Mountain Queen, March, Great American, and 

Mammoth which have produced a total of approximately 61,000 tons of pre

dominantly lead-zinc-silver ore (Keith, 1973). The mineralization is 

thought to be associated with a local Laramide(?) andesitic intrusion. 

Jasperoid of previously unknown origin and age is abundant in the lime

stones of Paleozoic age near and in a projactable band for several kilom

eters north of the lead-zinc-silver mineralization.

Problem

This study investigates the stratigraphic and structural rela

tionships of jasperoid in the area. The jasperoid had not been mapped 

in detail in published works, but it was noted on several maps of the 

northern Swisshelm Mountains prepared by Beaver Exploration and by Inspi

ration Development Company. Investigation of the nature of the jasperoid 

and the possibility of a genetic relationship between jasperoid and vol- 

canism in the vicinity is a primary concern.

Jasperoid

The term jasperoid has had different meanings since its introduc

tion by Spurr in 1898 (p. 219-220). He defined it as 11. . . a rock con

sisting essentially of cryptocrystalline, chalcedonic, or 

pseudo-crystalline silica, which has formed by the replacement of some 

material, ordinarily calcite or dolomite." The Glossary of Geology

1



2
(1980) has a similar definition although it excludes the coarse-grained 

aspect. Confusion enters with the distinction of jasperoid from cherts 

which are syngenetic or diagenetic in nature. Lovering (1962, p. 862) 

limited the definition of jasperoid to ". . . epigenetic siliceous bodies 

formed largely by replacement." The silica in the northern Swisshelm 

Mountains meets this definition of jasperoid, and, but for the grain size 

constraint, fits the American Geological Institute (AGI) definition as 

well.

The recognition of jasperoids and their common occurrence in min

eralized regions has led to the speculation that jasperoids may be a valu

able signature for mineralization. Lovering (1972) wrote an exhaustive 

review of jasperoids and their distribution and relationships to mining 

districts in the United States, including the Tri-State district, Okla

homa, Kansas, and Missouri; Clifton-Morenci, Arizona; the Ely district, 

Nevada; the Tintic district, Utah; and the Gilman district, Colorado.

The purpose of this thesis is to provide a test of the above-proposed re

lationship of jasperoid with mineralization in the northern Swisshelm 

Mountains.

Method of Treatment
2Fifteen km in the northern Swisshelm Mountains were mapped at a 

scale of 1:12,000 to determine the stratigraphic and structural occur

rences of the jasperoid and its spatial relation to mineralization. Ge

ologic maps of the northern Swisshelm Mountains by Loring (1947), Epis 

and Gilbert (1957), Cooper (1959), and Beaver Exploration Company (1977) 

were used as references in mapping and reconnaissance of this large area.
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The jasperoid was studied in hand sample and thin section. Acid leach 

studies were run on samples collected on traverses taken across silica- 

limestone contacts to determine the sharpness of the boundary. Silica 

samples were analyzed spectroscopically to ascertain elements present 

and by x-ray diffraction to determine mineralogy. Temperatures of forma

tion of the silicification were found by homogenization of primary fluid 

inclusions in quartz. Electron microprobe analyses of aluminum in the 

jasperoid provided inconclusive evidence on temperatures of formation 

and of heat distribution for both microcrystalline and coarse-grained 

quartz. Slabbed ore samples from the mine dumps and diamond drill core 

gave a three-dimensional view of the lead-zinc-silver mineralization of 

the northern Swisshelm Mountains.

Previous Work

Little relevant work done*in the northern Swisshelm Mountains has 

been described in print. Loring (1947) and Galbraith and Loring (1951) 

described the geology and occurrence of ore in the district. Epis and 

Gilbert (1957) and Epis,Gilbert, and Langenheim (1957) mapped the 

lower Paleozoic stratigraphic relations in the area. Cooper (1959) in

vestigated the Swisshelm Mountains at a reconnaissance scale. Bryant 

(1955), Rea (1967), Lodewick (1970), and Dolloff (1975) studied the Per

mian strata of southeastern Arizona which included the northern Swisshelm 

Mountains. Jasperoid in the range has scarcely been mentioned. The 

problem of silicification and formation of jasperoid elsewhere has been 

studied by numerous authors including Spurr (1898), Lindgren and Loughlin 

(1919), Gilluly (1932), Butler and Singewald (1940), Park and Cannon
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(1943), and Lovering (1962, 1972). Extensive review of jasperoids, their 

characteristics, and their occurrence in mining districts was presented 

by Lovering (1972) in an article which provided valuable background ma

terial for this study.

Location

The Swisshelm Mountains trend north-northwest from the Chiricahua 

Mountains in southeastern Arizona along the trend of the Leslie Pass 

Fault. They extend 24 km into the Sulphur Spring Valley (Figure 1). The 

mapped area in this thesis is about 61 km north of Douglas and 86 km 

south of Willcox and may be reached by turning onto the Rucker Canyon 

Road from Highway 666 and driving 19 km east to the Kuykendall Ranch 

road, going south at Whitewater Draw (Figure 2). The mapped region com

prises parts or all of Sections 1, 2, 11, and 12 of T. 20 S., R. 27 E., 

and Sections 26, 35, and 36 of T. 19 S., R. 27 E.
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Figure 2. Location Map of Northern Swissheln Mountains. —  Elevation is 
in feet. The stippled areas represent outcrops of jasperoid.



GENERAL GEOLOGY OF THE 
NORTHERN SWISSHELM MOUNTAINS

Stratigraphy and Lithology

Precambrian Rocks

The granite in the northern Swisshelm Mountains has been corre

lated by Silver (1978) to the 1.4-1.5 b.y. Tungsten King Granite in the 

Little Dragoon Mountains. The Swisshelm Mountain granite crops out in 

the southwestemmost portion of the mapped area (Figure 3, in pocket).

It is a pinkish-tan color on weathered surfaces. As the granite is 

strongly fractured and occurs on scree- and grass-covered slopes, a fresh 

surface was not found. The granite is composed of quartz, orthoclase, 

and brownish biotite. No muscovite was noted. It is medium- to coarse

grained with a hypidiomorphic granular texture. This granite is unre

lated to mineralization in the northern Swisshelm Mountains.

Cambrian-Ordovician Rocks

The Cambrian-Ordovician age rocks in the northern Swisshelm Moun

tains consist, in stratigraphic order, of the Bolsa Quartzite and Abrigo 

Formation of southeastern Arizona overlain by the Bliss Sandstone and El 

Paso Limestone of southwestern New Mexico (Epis and Gilbert, 1957;

Bryant, 1968). Epis and Gilbert (1957) provided fossil control for 

this stratigraphy. Sabins (1957) previously had correlated the Bolsa 

Quartzite with the Bliss Sandstone, and the Abrigo Formation with the El 

Paso Limestone, as time-transgressive lithogenic equivalents deposited 

by an eastward transgressing sea. However, stratigraphic relations in

7
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the Swisshelm Mountains indicate that Sabins' interpretation is not pos

sible here.

The first Paleozoic strata deposited on the Precambrian surface 

form the Bolsa Quartzite. The Bolsa Quartzite of Middle Cambrian age is 

deposited unconformably on the Precambrian granite. It is resistant to 

erosion, hence forms cliffs and caps some of the highest ridges in the 

northern Swisshelm Mountains. The basal strata of the Bolsa Quartzite 

are conglomeratic with pebbles ranging up to 10 cm in diameter. These 

strata commonly grade upward into a cross-bedded quartzite. The Bolsa 

Quartzite is typically reddish-brown on weathered surfaces and pink to 

white on fresh fractures. The thickness of the Bolsa Quartzite in the 

northern Swisshelm Mountains is approximately 55 m (Loring, 1947). It 

grades into the overlying Abrigo Formation with increasing amounts of 

shaley material.

The Abrigo Formation of Middle to Late Cambrian age consists of 

an upward-fining sequence of brownish, sandy, micaceous shales and silt- 

stones grading into grey, dolomitic, shaley limestones. Characteristic 

wavy bedding due to alternating thin beds of siltstones and carbonates, 

and the presence of fine mica, are diagnostic of the Abrigo Formation in 

the northern Swisshelm Mountains. It generally forms grass-covered 

slopes in the western part of the mapped area (Figure 3). A measured 

section of the Abrigo Formation in the northern Swisshelm Mountains is 

119 m thick (Epis and Gilbert, 1957).

Upper Cambrian sandstone which Epis and 

lated to the Bliss Sandstone of New Mexico is composed of brown to
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yellowish, limonitic, fine-grained dolomitic quartz sand. It is thin- 

to thickly-bedded and is commonly cross-stratified in the mapped area 

(Figure 3). Both upper and lower contacts are gradational. The sand

stone is overlain by grey to brown dolomite of Late Cambrian age contain

ing subrounded to subangular quartz grains. The dolomite has an abrupt 

conformable contact with the overlying El Paso Limestone. The sandstone 

has a thickness of about 60 m and the dolomite is about 70 m thick in 

the northern Swisshelm Mountains (Epis and Gilbert, 1957).

Blue-grey, thin-bedded El Paso Limestone of Early Ordovician age 

was locally found to be 69 m thick by Epis and Gilbert (1957). The lime

stone here is concordant with the Upper Devonian strata above. However, 

an hiatus is represented by the contact. The cumulative thickness of 

the uppermost Cambrian and Ordovician section is 319 m in the northern 

Swisshelm Mountains. The Abrigo Formation, Bliss sandstone, and El Paso 

Limestone have not been mapped separately and are grouped as "Upper 

Cambro-Ordovician" sediments. These strata crop out only in the south- 

westernmost portion of the mapped area (Figure 3).

Devonian Rocks

Epis et al. (1957) have suggested the name "Swisshelm Formation" 

for Upper Devonian rocks in the Swisshelm and Pedregosa Mountains of 

southeastern Arizona. The Devonian rocks of this area are different from 

the Portal Shale described by Sabins (1957) in the Chiricahua Mountains 

to the east and the dominantly limestone Martin Formation described by 

Ransome (1916) in the Bisbee district to the west in the Mule Mountains. 

The lower two-thirds of the Swisshelm strata in the southern Swisshelm
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Mountains consist of yellowish-brown quartz sandstone, siltstone, and 

marl while the upper third is mostly impure limestone. Outcrops occur 

on slopes and in saddles. Sections described by Epis et al. (1957) in 

the southern Swisshelm and Pedregosa Mountains range from 122 to 188 m 

thick. The faulted section in the northern Swisshelm Mountains is ap

proximately 46 m thick and contains predominantly calcareous siltstones 

and argillaceous limestones.

Mississippian Rocks

The Escabrosa Limestone of Early to Middle Mississippian age was 

raised to group status by Armstrong (1965), who divided it into two for

mations— the Keating and the Hachita. The Keating Formation consists of 

a lower light- to dark-grey carbonate member with small amounts of clas

tic material and an upper member of pure carbonate with bryozoan, echino- 

derm, brachiopod, and coral fossils and occasional oolitic limestone.

The lower member is massively bedded and chert-free; the upper member is 

thin-bedded mudstone to packstone with black lenticular chert. The Keat

ing Formation ranges from 107 to 183 m thick in southeastern Arizona.

The Hachita Formation forms a persistent cliff; the lower two-thirds are 

devoid of bedding and composed of crinoid fragments. The upper one- 

third is dark, massively bedded, and contains crinoids, brachiopods, and 

bryozoa. The Hachita Formation is 76-107 m thick in southeastern Arizona. 

The Escabrosa Group overlies the Devonian concordantly; a hiatus is rep

resented by the surface although no erosional features are observable.

The Escabrosa forms the major limestone cliffs in the area. A complete 

section of the Escabrosa Limestone is not found in the northern Swisshelm

Mountains.
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The Black Prince Limestone was named by Gilluly, Cooper, and 

Williams (1954) and later was raised to formational status on the basis 

of the fossils Lithostrontionella and Linoproductus, which indicate a 

Late Mississippian-Early Pennsylvanian age. The contact of the Black 

Prince Limestone and the Escabrosa Limestone is an erosional contact, 

while the upper contact is conformable with the Horquilla Formation in 

the Swisshelm Mountains. Barrie (1975) measured and described 91.5 m of 

Black Prince Limestone which forms a saddle in Section 2 (Figure 3) be

tween the Escabrosa and Horquilla Limestones. It consists of a lower 

clastic member of predominantly red siltstone, shale, and a few thin 

limestone beds, and an upper member of limestone that weathers a light 

grey. The limestone commonly has echinoderm fragments, micritic beds 

with algal nodules, and a few intraformational limestone pebble conglom

erates (Ross, 1973). For purposes of this thesis, the Black Prince and 

the Horquilla Formations have been mapped as one unit.

Pennsylvanian-Permian Rocks

Previously mapped in the area as Naco Group are the Pennsylvanian- 

Permian rocks of the Horquilla and Earp Formations. For better strati

graphic control of the occurrence of siiicification, these"two formations 

were mapped separately. The Horquilla Formation of Early Pennsylvanian 

age forms steep, ledgy hills. The disconformity between it and the Black 

Prince Formation was not identified exactly, as there is no evidence of 

erosion or lithologic change. The Horquilla Formation consists of thin- 

bedded, light- to dark-grey cherty limestones with interbedded mudstones 

that are green, orange, or red in color. Most limestone beds have a
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pinkish-grey tinge on fresh surfaces, but the coarsely crystalline cri- 

noidal beds lack the pinkish color and hence closely resemble the Esca- 

brosa Limestone. The Horquilla Formation can be readily distinguished 

from the Escabrosa Limestone by the presence of fusilinids up to 0.6 cm 

in length and by the presence of a colonial coral Chaetetes, both of 

which are lacking in the Escabrosa Group. The thickness of the Horquilla 

Formation varies from 305 m in Tombstone to 488 m in the Chiricahua Moun

tains and is probably close to the latter value in the northern Swisshelm 

Mountains.

The Earp Formation of Late Pennsylvanian-early Permian age lies 

conformably and gradationally on the Horquilla Formation. The contact 

is arbitrarily chosen where the shales become dominant over the lime

stone of the Horquilla Formation (Gilluly et al., 1954). Because of the 

predominance of shales and thin-bedded sandstones and limestones, the 

Earp Formation is a less competent and less resistant unit. It forms 

gently rolling hills. The clastic beds are colorful greens and reds, 

and the limestones are tinted pink or yellow grey. Fusilinids up to 

2.5 cm in length are common in the lower Earp Formation. A red chert- 

pebble conglomerate near the middle of the formation is a unique marker 

bed in the Earp Formation, since nowhere else in the Paleozoic section 

does a similar one exist. The top of the Earp Formation is often taken 

to be the topmost "orange weathering dolomite" marker bed. Lodewick 

(1970), in his Master's thesis on the Earp Formation, suggested that it 

is approximately 305 m thick in the northern Swisshelm Mountains.
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Possible Colina Limestone is massively silicified in the north

ern part of the mapped area. No diagnostic fossils were found in these 

rocks, but the stratigraphic position of the silicified limestone direct

ly overlies the uppermost beds of the Earp Formation with no evidence of 

faulting.

The Colina Formation is of early Permian age and overlies the 

Earp Formation conformably. It consists of dark grey to black limestone 

which is thick to massively bedded. The black color on a fresh surface 

and the presence of Omphalotrochus gastropods, which range in size from 

5 to 10 cm across, are diagnostic of the Colina Limestone. The Colina 

Limestone is approximately 152.5 m thick in the Swisshelm Mountains 

(Bryant, 1968).

Late Cretaceous-Early Tertiary Rocks

Andesite dikes crop out along a major fault near the Chance Mine 

in Section 12, and scattered occurrences are found further north in Sec

tion 1 (Figure 3). The andesite is thought to be Laramide in age (Loring, 

1947) but no isotopic age dating has been done. The intrusions are gen

erally green-grey to purple on fresh surfaces and grey to red-brown on 

weathered surfaces. Unaltered andesite was found in only one outcrop in 

Section 1. The dikes range in composition from andesite to andesite por

phyry. In thin section, one can see that phenocrysts of plagioclase, 

hornblende, and biotite are in an aphanitic matrix of felty to pilotax- 

itic plagioclase. Alteration ranges from slight to intense with plagio

clase "going to" sericite, kaolinite, or calcite, and the mafics altering 

to chlorite and hematite.
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Also associated with the intrusion of andesite are andesite 

breccias which contain fragments of andesite as well as wall rock frag

ments of siltstone and limestone in an andesite matrix. Two types of 

breccias exist. One has a red matrix resulting from the presence of 

hematite, while the other is green as a consequence of chloritic altera

tion. The occurrence of these breccias is localized and unpredictable 

and they may or may not be associated with the margins of the intrusion. 

They have been mapped as part of the andesite dikes.

Tertiary Rocks

Rhyolite flows crop out in the eastern portion of the mapped 

area. The rhyolite is grey-brown on weathered surfaces and pale purple- 

grey to reddish-grey color on fresh surfaces. Thin sections show 10-40% 

phenocrysts consisting of quartz, orthoclase, biotite, and minor magne

tite in an aphanitic groundmass of quartz and feldspar. The rhyolite is 

quite fresh and contains small amounts of glass shards. The rhyolite is 

similar in texture and mineralogy to the rhyolite a mile to the east, 

dated at 24 m.y. by Marjaniemi (1970) and probably of the same age.

A lithic crystal tuff is found exposed in washes in Sections 1 

and 12 of the mapped area (Figure 3). It consists of broken or rounded 

phenocrysts of quartz, orthoclase, biotite, and rhyolite fragments of 

variable size ranging up to 8 cm in diameter in a matrix of partially al 

tered glass. On a fresh surface the tuff is light to dark grey; the 

weathered surface is generally brown. This tuff is thought to be the 

youngest formation in the area. It has been suggested (J. M. Guilbert, 

oral communication, 1980) that working of this tuff by water has
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redeposited it in washes and topographic lows where it is predominantly 

found today. It may also represent an exhumed paleodrainage pattern.

Structure

The Swisshelm Mountains are part of the Basin and Range Province 

of southwestern North America. They consist of an upfaulted block bound

ed on the east side by a high-angle normal fault (Cooper, 1959; Druke, 

1979). The strata of the Swisshelm Mountains generally are homoclinally 

exposed, dip eastward, and are broken by several gentle minor folds.

Rocks of Paleozoic age overlie Cretaceous rocks along several eastward- 

dipping, low-angle fault contacts. These contacts are believed to be 

thrust faults on the basis of: 1) their classic "older on younger" rela

tionships, and 2) folds. These folds have north-south trending fold axes 

complimentary to the east-west shortening and therefore may be associated 

with the thrust faults. The traces of the thrust faults trend north- 

northwest. The Leslie Pass Fault, a major thrust fault to the west of 

the study area, may continue northwest and may control local bedrock ex

posures in the middle of the Sulphur Spring Valley as far north as Pearce. 

The mineralization responsible for the Commonwealth Mine near Pearce may 

be controlled by the Leslie Pass Fault.

Folds

Open and gentle folds (Fleuty, 1964; Ramsay, 1967) with inter- 

limb angles greater than 70° are found in the northern Swisshelm Moun

tains. They are cut by both normal and thrust faults. Fold axes trend 

and plunge northward. One of the larger anticlines with associated 

small folds is exposed in the Pennsylvanian-Permian Earp Formation in



the central part of the mapped area (Figure 3). The southwestern part 

of the mapped area forms the eastward-dipping part of a large anticline 

which plunges 15°N, 20°E (Loring, 1947).

Faults

Two major faults that dip easterly cross the mapped area. One 

fault trends north-south and has previously been considered to be a 

thrust fault,in part due to its low-angle nature (Loring, 1947; Cooper, 

1959). Stratigraphic relations, however, indicate low-angle normal 

faulting with younger strata overlying older rather than the older-on- 

younger relationship necessary for classic thrusting (Figure 3). The 

other major fault is a high-angle normal fault which trends northwest 

across the area. It affects rocks at various stratigraphic levels, down

dropping Tertiary rhyolite against Horquilla Formation in the east and 

Escabrosa Group against the Abrigo Formation in the west.

Minor faults in the mapped area are predominantly high-angle.

In the southern part of the area in Section 12, their outcrop pattern is 

particularly complex as may be seen from the geologic map. These faults 

are confined to monotonous and massive limestones and relative movements 

are difficult to discern. Faults involve the Escabrosa Group and the 

Horquilla and Earp Formations with separation up to 488 m.

Fractures

Fracture orientations were measured from open fractures in both 

limestones and jasperoid in the field area. The predominant trend of 

fractures is N20-40°E, although measurements range from N90°W to N90°E.
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Figure 4 is a stereographic plot of the poles to fracture planes measured 

in the study area.
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Figure 4. Stereonet Projection of Poles to Fracture Planes in the 
Northern Swisshelm Mountains.



RELATIONSHIP OF JASPEROID 
TO MINERAL DEPOSITS

The jasperoid is believed not to be associated with mineraliza

tion in the Swisshelm district. The outcrop of jasperoid is limited pri

marily to two of the five mines in the area and is not seen associated 

with mineralization. The occurrences of jasperoid in the mining area 

will be described along with each mine.

Mines in the Swisshelm district have been worked intermittently 

since their discovery in 1885. The district has produced approximately 

61,000 tons of base metal ore which contain minor silver and trace gold 

(Keith, 1973). The principal ore in the Swisshelm district consists of 

galena and cerussite as replacement bodies in, primarily, the Horquilla 

Formation. The largest workings in the area are the Chance and Mountain 

Queen Mines, the Mammoth claim, the March Mine, and the Great American 

Mine (Figure 2).

Present activity in the district includes expansion of the March 

Mine; several small pods of massive galena and cerussite"ore, up to 1 m 

thick and of untested lateral extent, have been intercepted in the last 

year. Chalcopyrite and covellite have also been identified in polished 

sections, but no silver minerals were found; the reported silver values 

probably derive from argentiferous galena. Mineralization in the March 

Mine is in the dolomitized limestone of the Escabrosa Group and is not 

spatially associated with any of the andesitic intrusions common in the 

southern part of the study area. No silicification or jasperoid occur

rence has been found.
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The old Chance and Mountain Queen (Scribner) Mines have produced 

the greatest amount of ore from the area, approximately 57,000 tons to

tal. These mines are presently inaccessible due to high ground-water 

levels. Dump samples taken consist of heavily oxidized pyrite, galena, 

cerussite, and covellite with quartz as a gangue mineral. Zinc is as

sumed to be present in small quantities in the ore due to the penalties 

for it in old shipping records. The ore occurs as poddy replacement bo

dies in favorable limestone beds immediately overlying the andesite dike 

(Loring, 1947) described in the lithology section of the chapter entitled 

General Geology of the Northern Swisshelm Mountains. Loring also report

ed the association of mineralization with minor faults and fractures. He 

concluded that the ore is intimately and genetically related to.the ande

site dike and proposed a Laramide age for mineralization.

Diamond Drill cores owned by D. Huckins of Tucson indicate that 

one hole drilled south of the Chance mine intercepted approximately 2 m 

of a massive galena and chalcopyrite pod. Slight bleaching and marbliz- 

ing of the surrounding limestone for 0.25-0.5 m with the addition of 1 

or 2% pyrite gives the only indication that ore may be nearby. With one 

exception, every occurrence of ore in the Chance area lies within 3 m 

of the andesite dike and in its hanging wall. Huckins drilled 14 holes 

around and to the south of the Chance mine. Beaver Exploration (Inspira

tion Development Company) also drilled four holes to the north, south, 

and east of the Chance mine. No ore minerals were intercepted, although 

locally bleached marble and rare scattered occurrences of pyrite were 

present. In no case was jasperoid intersected in any drill hole, even
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though a few surface outcrops of jasperoid are present near the Mountain 

Queen shaft and on the ridge to the northeast of the Chance mine in the 

Whale, Mammoth, and Contact claims.

The Mammoth claim mineralization consisted of quartz, calcite, 

and minor pyrite in poddy ore along an east-west trending limestone bed. 

It was mined for values of gold and silver. About 2,000 tons of ore were 
produced before 1958 (boring, 1947; Keith, 1973). Jasperoid is present 

in surface outcrops," but inspection of several of the old workings re

vealed only minor jasperoid.

The Great American mine produced 1,500 tons of oxidized galena 

ore with traces of gold and silver (Keith, 1973). Pyrite and quartz were 

noted on the dump; none of the workings is presently accessible. The ore 

occurred in veins, possibly associated with fractures. Jasperoid out

crops extensively at the surface of the workings. The mine was worked 

periodically from 1880 to 1940. Some exploration drilling by J. Faick 

is in progress.

Mineralization in all these mines probably occurs as replacement 

of limestone and is presumed to be mesothermal. The major mineralization 

is found in the Mountain Queen and Chance Mines and is associated with 

an andesitic intrusion. None of the other mines is known to be asso

ciated with intrusions. Small amounts of jasperoid crop out near the 

Chance and Mountain Queen mines. The Mammoth claim and Great American 

mine have large outcrops of jasperoid near the workings. The March mine 

has no nearby outcrops of jasperoid.



DISTRIBUTION AND CONTROLS OF JASPEROID

Jasperoid in the northern Swisshelm Mountains commonly crops out 

along ridge crests and hill tops (Figures 3 and 5). Because the silica 

is more resistant to erosion and more brittle than the surrounding lime

stones, exposures of jasperoid are prominent.

Stratigraphic Occurrences

Jasperoid occurs throughout stratigraphic section from the Abrigo 

Formation to the Colina Formation, although the relative thickness and 

pervasiveness of the silica cannot be determined from surface outcrop.

The greatest vertical extent of jasperoid topographically is found in 

Section 26 of the mapped area (Figure 3) and is about 100 m; horizontally 

it extends 1 km.

No jasperoid was noted in the Bolsa Quartzite. The only occur

rence of jasperoid within the Upper Cambrian-Lower Ordovician strata is 

on a ridge crest within 30 m of a major fault in the center of Section 2. 

The silica has preferentially replaced a limestone bed about 1.5m thick 

and 5 m long. Devonian Swisshelm Formation outcrops in the area are no

where silicified, but down-faulted adjacent Earp Formation in the south

western corner of Section 1 is silicified. The Escabrosa Limestone in 

the northern Swisshelm area is entirely fault-bounded and has no jasper

oid, even though the adjacent Horquilla Formation across the fault is 

silicified in the southwestern corner of Section 1. The Pennsylvanian- 

Permian rocks are most abundantly silicified. The silica is both

22



Figure

v

23

5. Prominent Outcrops of Jasperoid. —  This view is directed 
east across the ridge in Section 26. The reddish outcrops 
are jasperoid in Colina Limestone. The prominent ridge is 
parallel to bedding. Foreground consists of alluvium. The 
length of the jasperoid outcrop on the ridge is 100 m.
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stratigraphically and fault-controlled, as seen on the geologic map (Fig

ure 3) where silica crops out both along the traces of faults and along 

the strike of bedding. The greatest extent of jasperoid is found in the 

northernmost portion of the mapped area where it is believed to have re

placed the Colina Formation.

No silicified andesite or rhyolite was noted. Lithic tuff is 

silicified only where it is immediately adjacent to silicified limestone. 

The only two exposures of silicified tuff are found in the western por

tion of Section 1. The tuff shows liesegang banding and microscopic, 

quartz-filled fractures suggestive of partial silicification. Its matrix 

has a greater amount of microcrystalline quartz than that of unsilicified 

tuff (Figure 6). The tuff is easily weathered and exposures found are on 

scree-covered slopes. The jasperoid-tuff contact is nowhere exposed.

Structural Occurrences

Silica crops out along traces of at least two mappable faults in 

the field area in addition to the stratigraphic occurrences described 

above. Limestones are commonly replaced entirely in the fault zones as 

seen on the geologic map (Figure 3) and Figure 7. Limestones up to 10 m 

from faults may be silicified. The jasperoid in the fault zones does not 

differ from the stratigraphically controlled jasperoid in texture, color, 

or composition. Adjacent to the low-angle normal fault in Sections 2 and 

35, jasperoid crops out discontinuously. The major northwest-trending, 

high-angle fault also has jasperoid cropping out discontinuously along it 

in Sections 1, 2, and 12. Where these two faults coalesce in the south

western corner of Section 1, a large area of jasperoid has developed
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Figure 6 . Silicified Tuff. —  Liesegang-banded crystal tuff in the
southwestern quarter of Section 1 shows partial silicifica- 
tion in thin section. Contact with jasperoid is covered. 
Pcoket knife is 7.5 cm long.
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Figure 7. Jasperoid Cropping Out along a Fault. —  This view is to the 
north from Section 2. Red outcrop in center of photograph is 
the jasperoid cropping out along the major north-trending, 
low-angle, eastward-dipping, normal fault in the mapped area. 
The footwall to the left consists of the Horquilla Formation 
which strikes nearly perpendicularly to the fault and dips 
north. The hanging wall consists of the jasperoid, Earp For
mation (not visible), and alluvium.



(Figure 3). A case could be made for partial stratigraphic control of 

the jasperoid exposed along these faults, because locally the outcrop 

pattern of jasperoid parallels the regional strike of bedding.



PHYSICAL PROPERTIES OF NORTHERN 
SWISSHELM MOUNTAINS JASPEROID

The Swisshehn Mountains silicification can neatly be categorized 

as jasperoid using Lovering's definition mentioned in the introduction. 

The physical description of the northern Swisshelm Mountains jasperoid, 

both in hand specimen and in thin section, matches closely the jasperoids 

described by Lovering (1972). The characteristics of the jasperoid- 

limestone contact will be discussed at the end of this chapter. As will 

be developed below, examination of the Swisshelm jasperoids was frustrat

ing. They proved to be monotonously monomineralic, chemically nearly 

totally pure Si0 2 , with abrupt contacts against unsilicified limestone. 

Many techniques to establish gradients and useful characteristics were 

attempted, but few were successful.

Megascopic Properties

Color

Silicified limestone consists of predominantly microcrystalline 

quartz with small amounts of coarse-grained quartz. The color of micro

crystalline quartz is variable from dark reds, browns, and blacks to 

light shades of greenish-yellow, greys, and white and combinations there

of. Red liesegang banding is present locally in the jasperoid. Lovering 

(1972) attributed the different colors principally to varying concentra

tion of iron and variations in its oxidation state and hydration. The 

coarse-grained quartz is always clear or white in color.

28
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Textures

Textures in hand samples in the microcrystalline quartz of the 

northern Swisshelm Mountains include or involve: 1) massive cryptocrys

talline, 2) vugs, 3) 'ribbon rock', 4) breccia, and 5) fossils and bed

ding. All of these except the ribbon rock may be found throughout the 

mapped silicified areas. Massive cryptocrystalline quartz is the most 

common variety found in the northern Swisshelm Mountains jasperoid. Vugs 

are abundant throughout the Swisshelm jasperoid and range from micro

scopic openings to spaces 15 cm long. The vugs are generally of irregu

lar shape and random orientation, and are characteristically lined with 

coarse-grained, comb-structured quartz.

'Ribbon rock' as used here consists of alternating parallel lay

ers of coarse-grained and microcrystalline quartz (Figure 8 ). The mi

crocrystalline quartz may vary in color, but the coarse-grained quartz 

is always white or clear. Layers vary from 1 to 5 cm thick, and the en

tire mass may be up to 0.5 m in thickness. "Ideal" ribbon rock has par

allel layers between which coarse-grained quartz developed, leaving no 

vugs (lovenitti, 1977). No "ideal" ribbon rock was found in the north

ern Swisshelm Mountains, but irregular ribbon rock (Figure 8 ) consisting 

of discontinuous layers was present in a jasperoid outcrop in Horquilla 

Limestone in Section 26 of the mapped area approximately 30 m from a 

major fault. Orientation of the parallel layers in the ribbon rock in 

outcrop is horizontal rather than vertical, possibly reflecting control 

by bedding planes.

Two breccia types are recognized throughout the northern Swiss

helm Mountains jasperoid. The first type consists of microcrystalline
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Figure 8 . Non-ideal Ribbon Rock in the Northern Swisshelm Jasperoid. —  
This outcrop occurs in the Horquilla Limestone in Section 26. 
Microcrystalline quartz of variable color was apparently 
fractured by subparallel fractures which were then filled by 
white coarse-grained quartz. A few unfilled vugs remain. A 
third generation of fractures that are predominantly vertical 
are filled by microcrystalline quartz.
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quartz fragments cemented by a second generation or continuing develop

ment of microcrystalline quartz (Figure 9), fragments being distinguished 

from matrix by the amount of iron oxide coloring. The second breccia 

type is composed of microcrystalline quartz fragments cemented by clear 

to white coarse-grained quartz. The fragments may vary in color, but the 

coarse-grained quartz is again always milky white to clear.

Evidence of preservation of original bedding and fossils is dif

ficult to find in hand sample. Several crinoid stems were found in the 

jasperoid, but the abundant megascopic fossils of the original limestone 

are not present. No original bedding could be perceived in or traced in

to the silicified limestones. One outcrop of silicified mudstone- 

siltstone was found within the Horquilla Formation in the southwestern 

part of Section 35 (Figure 3). The bed is approximately 0.5 m thick and 

is silicified for 5 m along strike. Thin sections show partial silicifi- 

cation of the muds and quartz-filled fractures. The original laminations, 

up to 5 mm thick, are still readily apparent. The contact of silicified 

mudstone with presumed adjacent non-silicified mudstone is covered by 

scree. As stated, no bedding was discernible in silicified limestones.

Coarse-grained quartz textures visible in hand samples include 

sucrose, drusy, and comb-structured varieties.

Mineralogy

Megascopically, the jasperoid consists of 99% silica and small, 

variable amounts of iron oxides. X-ray diffraction studies of three 

jasperoid samples showed typical alpha quartz patterns with no suggestion 

of cristobalite, lussatite, or other modifications. Spectroscopy showed
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Figure 9. Jasperoid Breccia Cemented by Second Generation Microcrystal
line Quartz. —  Specimen from northwest corner of Section 1. 
Penny, 19 mm across, is for scale. Greenish cast of picture 
due to printing; the fragments are more grey than greenish- 
grey.
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the major transition metal cation present to be iron with trace manga

nese, chromium, and titanium present. Casts of tabular barite or cal- 

cite crystals(?). may be present locally and range from 1 cm long and 

0.25 cm thick to several centimeters long and 0.5 cm thick.

Petrographic Features

Petrographic examination of the northern Swisshelm Mountains 

jasperoid revealed microcrystalline and coarse-grained quartz with many 

different microtextures. These textures are typical of jasperoids and 

previously have been described by Lovering (1972) and lovenitti (1977). 

Twenty-five thin sections of the jasperoid were studied. Samples were 

taken from outcrops in each section mapped including an east-west tra

verse in Section 26 in which samples were selected at 50 m intervals.

Microcrystalline Quartz Textures

The following textures were observed in the microcrystalline 

quartz: 1 ) 'jigsaw-puzzle'; 2 ) xenomorphic; 3) xenomorphic granular;

4) reticulated or subidiomorphic; 5) vuggy; 6 ) brecciated; 7) radial, 

spherulitic; and 8 ) pseudomorphic after various fossils. These textures 

occur throughout the jasperoid of the northern Swisshelm Mountains, and 

all may occur within one hand sample.

Highly irregular quartz grains forming a tightly interlocked mo

saic of quartz were defined by Lovering (1972) as 'jigsaw-puzzle' tex

ture. Grains of 'jigsaw' material in the northern Swisshelm Mountains 

jasperoid (Figure 10) range in size from 5 to 25 u. The quartz is com

monly rather "dirty" under plane polarized light; minute grains of
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Figure 10. 'Jigsaw-puzzle' and Xenomorphic Textures. —  Crossed nicols, 
160 X. Sample from central portion of Section 26 shows typ
ical 'jigsaw-puzzle' and xenomorphic textures, here at the 
center and right side, respectively.
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calcite are the cause of this light dispersion. This texture may be as

sociated with other microtextures in the same slide.

Irregular anhedral grains lacking the deep indentations which 

characterize the 'jigsaw-puzzle' texture have a texture similar to that 

of the xenomorphic texture of igneous rocks (Figure 10). Grain size here 

is larger than for 'jigsaw-puzzle', varying from 15 to 100 p. Combina

tions of the 'jigsaw-puzzle' and xenomorphic textures are common. Grains 

having nearly the same size and irregular boundaries show a xenomorphic 

granular texture. Size range of xenomorphic granular grains is similar 

to that of xenomorphic grains. Figure 11 shows xenomorphic granular 

grains filling a vug.

Reticulated texture as described by Lovering (1972) consists of 

quartz grains elongate parallel to their C-axes with a length to width 

ratio of 3:1 or greater. They are randomly distributed in a matrix of 

smaller xenomorphic or 'jigsaw-puzzle' quartz grains. Only a few jas- 

peroids exhibit this texture (Lovering, 1972), although it is considered 

diagnostic of jasperoids. Reticulated texture in the northern Swisshelm 

Mountains is seen less commonly than the aforementioned textures, but it 

is found throughout the area. Figure 12 shows reticulated texture.

Large grains range from 100 to 140 u long and 30-40 u wide, while the 

matrix grains are 1 2 - 2 0  p across.

Vugs are common at different scales in all textures found in the 

northern Swisshelm Mountains jasperoids. They range in size from 15 p 

up to 15 cm and are lenticular to spherical in shape. Quartz filling 

the vugs generally has a xenomorphic granular texture (Figure 11). The
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Figure 11. Xenomorphic Granular Quartz-filling Vug. —  Crossed nicols, 
80 X. Center of vug is empty. Sample from southeast corner 
of Section 26.
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Figure 12. Reticulated Texture. —  Crossed nicols, 160 X. Sample from 
Section 1; it is typical of reticulated texture in the area.
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vugs may be filled with coarse-grained quartz or they may be empty. Com

monly the jasperoid is brecciated. The fragments are angular and con

sist of microcrystalline quartz which may be distinguished from the 

matrix by either abundant or sparse iron oxides. The second generation 

of quartz may be coarse-grained and clear to white in color or micro

crystalline as in Figure 13. The most common texture of the fragments 

is 'jigsaw-puzzle', while the secondary quartz is xenomorphic or xeno- 

morphic granular.

Spherulitic texture consists of radiating chalcedonic quartz 

with an 'uniaxial isogyric' optical effect in crossed polars similar to 

that seen in other radiating minerals. Grain size ranges from 5 to 10 y. 

This texture has been shown by Oehler (1976) to be characteristic of 

quartz recrystallized from a silica gel. Spherulitic textures are rare 

in the jasperoid from the northern Swisshelm Mountains.

Fossils are uncommonly preserved by silicification in the north

ern Swisshelm Mountains jasperoid. Fossils may be preserved in any com

bination of quartz textures, including: 1 ) radial chalcedony, 2 )

'jigsaw-puzzle', 3) xenomorphic granular, 4) xenomorphic, 5) any of the 

preceding plus iron oxides, 6 ) remnant calcite grains within quartz 

grains, and 7) coarse-grained quartz. Cross sections of a fusilinid 

(Figures 14 and 15) show the outer ring of cell walls replaced by iron 

oxides, although the interiors of the cells are filled with xenomorphic 

quartz. Inner cells are less well-preserved, and cell walls consist of 

'jigsaw-puzzle', xenomorphic quartz, and iron oxides. Remnant calcite 

grains and radial chalcedony fill some cells.
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Figure 13. Photomicrograph of Jasperoid Breccia Cemented by Second Gen
eration of Microcrystalline Quartz. —  Crossed nicols, 35 X. 
Dark trigonal forms are fragments surrounded by xenomorphic 
quartz. Sample is from the southwest corner of Section 26.
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Figure 14. Fusilinid in Plane-polarized Light. —  35 X. This fusilinid 
is preserved by quartz and iron oxides. This sample is from 
the central portion of Section 26 approximately three meters 
from the limestone-jasperoid contact.
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Figure 15. Fusilinid. —  Crossed nicols, 35 X. Cell walls replaced by 
iron oxides, 'jigsaw-puzzle', and xenomorphic quartz. In
teriors of cells are filled with xenomorphic quartz, radial 
chalcedony, 'jigsaw-puzzle* quartz, and remnant calcite 
grains. Fusilinid same as in Figure 14.
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Coarse Quartz Textures

Coarse-grained quartz is limited here to subhedral to euhedral 

grains which are found predominantly filling vugs and fractures and ce

menting breccias. The grain size can range up to two centimeters. Some 

features that are common in coarse-grained quartz include undulose ex

tinction and lineation of inclusions along growth planes, usually near 

the termination of the crystal.

Associated Minerals

Thin sections confirm hand sample estimates of nearly 100% si

lica. No other minerals were found except for remnant grains of calcite 

and iron oxides. Fluorite, barite, pyrite and pyrite casts, gypsum, clay 

minerals, and other hydrolysates were looked for but not found.

Jasperoid-limestone Contact

Limestone-jasperoid contacts of the northern Swisshelm Mountains 

were always found in the field to be knife-edge sharp on weathered sur

faces (Figure 16), although limestone up to two meters away from the 

contact may show precursor fractures which are filled by silica or cal

cite. Examination of contacts on weathered surfaces (Figure 17) shows 

the weathered contact to be sharp and defined by a line, while the actual 

contact in the slabbed section (Figure 18) may be seen to be gradational 

over a distance of several centimeters. In one hand sample, remnant 

limestone shows bleached halos on the side adjacent to the silica.

These limestone fragments range in size from 1 to 6 cm; larger limestone 

remnants are not found on outcrop scale.
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Figure 16. Jasperoid-limestone Contact in Outcrop. —  The red-colored 
rock is jasperoid, the grey-blue rock limestone. Precursor 
fractures in the limestone are filled with jasperoid. Out
crop located approximately 30 m east of the major low-angle 
normal fault in the Earp Formation, Section 35.
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Figure 17. Typical Sharp Contact of Reddish-brown Jasperoid and Bluish- 
grey Limestone. —  Sample from northwest corner of Section 1. 
Dime, 18 mm across, is for scale. See also Figure 18.
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Figure 18. Typical Jasperoid-limestone Contact on Slabbed Surface. —  
Red jasperoid shows brecciated texture. The blue limestone 
immediately adjacent to jasperoid is slightly iron oxide 
stained. Limestone shows fractures filled by red jasperoid 
and white calcite. This slabbed section is from the sample 
of Figure 17.



Three traverses across silica-limestone contacts were chosen, 

each in a different area, to determine the sharpness of the jasperoid- 

limestone by an acid-leach study. Traverse 1 was made along strike of 

bedding near the Great American mine; four samples were taken. Traverse 

2 was made in an unmineralized area on a low ridge near the center of 

Section 1 and perpendicular to strike of bedding; five samples were tak

en. Traverse 3 was taken in the Whale claim in Section 12, also perpen

dicular to bedding; five samples were taken. Sampling was done with a 

three pound hammer and chisel. Samples of one pound or more were taken 

at each sampling site at the convenience of brush and outcrops, so equi

distant samples were not feasible. However, representative samples were 

thought to have been chosen. Samples were pulverized and a sample at 

50-100 mesh was cut. The samples were weighed on a Mettler balance to 

±0.01 g accuracy; samples of approximately 50 g were used. The samples 

plus 300 ml of 10% HC1 solution were digested in flasks for 24 hours. 

Thirty milliliters of 10% HC1 were added to test for completeness of 

reaction. No samples effervesced after the 24 hour digestion. The leach

ate was discarded and the residue was washed and air-dried. The residue 

was weighed and the percentage of original weight left was calculated.

The residue was inspected under a binocular microscope to determine its 

composition. Figure 19 shows the results of the work comparing the resi

due left after leaching versus the distance from the contact as defined 

in the field. On the limestone side of the contact, predominantly mid

sized clays, silt, and very fine sand-sized quartz, but no jasperoid con

stituted the residue. The crushing of the samples to between 50 and 100
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mesh for leaching destroyed larger sized particles. At the contact, the 

residue consisted mostly of jasperoid with minor mud and silt-sized 

clays and detritalC?) quartz, with a few jasperoid-replaced fossil frag

ments (?) . On the jasperoid side of the contact, the residue contained 

dominantly jasperoid with minor mud-sized clays and detrital quartz (?). 

The lack of clays and other detrital residue in the jasperoid samples 

may be due to preferential replacement of purer limestone units by the 

jasperoid.

In general, the contact in thin section shows gradation from 

pure silica on the one side to unaltered limestone on the other in ap

proximately 6 cm. Silica in the limestone farthest from the contact re

places fossils, although remnant grains of calcite are abundantly 

preserved. This silica may have nearly any combination of microtextures. 

Closer to the contact, the body of the limestone itself is partly re

placed by irregular patches of silica which do not seem associated with 

fractures or previously silicified fossils (Figure 20). These patches 

commonly consist of xenomorphic quartz. Less abundant is ’jigsaw-puzzle' 

quartz. Nearest the contact are abundant fractures filled with either 

xenomorphic quartz (Figure 21) or sparry calcite, but never both. Si

licif ied patches begin to coalesce nearer the contact. There may or may 

not be limestone breccia fragments at the contact zone. When found, 

these fragments are generally more silicified than massive unfragmented 

limestone forming the contact. On the silica side of the contact, there 

is an abrupt, progressive diminution of the amount of calcite present. 

Normally all calcite has been replaced by silica 2-3 cm away from the•
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Figure 20. Gradational Limestone-silica Contact in Thin Section. —  
Crossed nicols, 35 X. Replacement of calcium carbonate 
right by quartz (grey at left) was most likely controlled by 
diffusion across the boundary in this slide. Sample from 
northwest corner of Section 1. Width of photograph is 3 mm.
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Figure 21. Limestone-silica Contact Associated with Fractures in Thin
Section. —  Crossed nicols, 80 X. Fracture provides channel 
for flow of solutions which contain both silica and iron ox
ides. Sample from northwest corner of Section 1.

\
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contact in the jasperoid, except for a fine scattering of calcite dust, 

most commonly seen in the replaced fossils. The quartz textures on the 

jasperoid side of the contact include abundant 'jigsaw-puzzle' and xeno- 

morphic quartz. If the jasperoid side of the contact is brecciated, the 

angular fragments are fine-grained, 'jigsaw-puzzle' quartz, while the ce

menting silica is more likely to be xenomorphic in texture. The knife- 

edge-sharp contact seen on the weathered surface in the field outcrop 

marks the rapid change from 80% CaC0 g-2 0 % Si0 2  to 2 0 % CaC0 2 -8 0 % Si0 2 .

The jasperoid found in fault zones has the same textures as that 

of jasperoid which replaces limestone elsewhere in the northern Swisshelm 

Mountains. Massive, brecciated, and vuggy textures are common. The 

limestone-jasperoid contacts are abrupt in outcrop. Fractures in lime

stone adjacent to jasperoid contacts are filled with jasperoid and sparry 

calcite which become sparse 2-3 m from the jasperoid.



CHEMICAL COMPOSITION 
OF THE JASPEROID

Six jasperoid samples were crushed and sieved to between 100 and 

140 mesh and analyzed spectroscopically by R. T. O'Haire of the Arizona 

Bureau of Geology and Mineral Technology. Results of these analyses in

dicate that the samples contain major Si and Fe, and variable minor 

amounts of Ca, Mn, Mg, Al, Ba, Sr, Li, F, K, Na, Cr, Ti, and V. One sam' 

pie contained detectable Mo (detection limit about 5 ppm) and one sample 

had detectable Cu (detection limit approximately 1 ppm). Analyses by 

Inspiration Development Company indicate that the jasperoid contains, 

on the average, anomalous Mo at 27 ppm, Cu at 34 ppm, and Zn at 26 ppm. 

The occurrences of anomalies, however, appear to be sporadic and inde

pendent of one another.

Lovering (1972) has statistically analyzed jasperoids from many 

mining districts to determine what elements are most likely to occur in 

jasperoids related to ore occurrences. He found that jasperoids with 

more than 30 ppm Cu, 10 ppm Pb, and 1.5% Fe or traces of Ag, As, Bi, Ga, 

In, Mo, Sn, and Zn were more characteristic of ore-related jasperoids. 

The northern Swisshelm Mountains jasperoid seems to meet these minimum 

chemical requirements for jasperoids associated with mining districts, 

although it is not known to be related to mineralization and it is dif

ficult to imagine any hydrothermally emplaced quartz with less than 30 

ppm Cu.
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FLUID INCLUSION DATA

Measuring the homogenization temperatures of fluid inclusions in 

the jasperoid permits determination of filling temperatures of the in

clusions. Areal zoning of temperatures may exist, so samples of jasper

oid were taken from several different locations to assess for possible 

temperature zonation. Fluid inclusions analyzed were from the small 

amount of coarse-grained quartz present in the northern Swisshehn Moun

tains jasperoid, fluid inclusions in which proved to be small and sparse. 

No fluid inclusions could be found in the microcrystalline quartz which 

composes the majority of the northern Swisshehn Mountains jasperoid.

Reported data are for uncorrected homogenization temperatures.

The assumption is made that correction effects are negligible. Actual 

homogenization temperatures are affected by salinity of solutions and 

pressure at the time of entrapment. Pressure may be estimated by recon

struction of overburden at the time of quartz deposition or by evidence 

of boiling used in conjunction with salinity measurements (Hass, 1971). 

Overburden is difficult to estimate because of the uncertain age of these 

deposits, but if they are Miocene in age the amount of overburden present 

at the time of formation is probably negligible. Veins were almost cer

tainly open to the surface and under less than 0.25 bars hydrostatic 

pressure. Salinity was low; no daughter minerals were seen in the in

clusions. The inclusions do not show variable liquid-to-vapor ratios 

which would indicate boiling at time of deposition.
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The procedure for determining the homogenization temperature of 

the inclusions includes: 1) preparing thick sections 0.25-1 mm in thick

ness, having both sides well polished; 2) locating primary fluid inclu

sions using the criteria of Roedder (1967); 3) heating fluid inclusions 

in a heating stage; 4) determining the homogenization temperature; 5) 

cooling sample to renucleate vapor phase; and 6) reheating to check ho

mogenization temperature and check for any possible leakage of the in

clusion. Forty-one inclusions were analyzed for homogenization 

temperature (Figure 22). The range (145-216°C) is nearly Gaussian with 

a mean of 171°C and a median of 170°C. The one filling temperature of 

216°C is not thought to be anomalous because of the small number of in

clusions analyzed.

Homogenization temperatures of 145-216°C together with a shallow 

emplacement depth suggest that the northern Swisshelm Mountains jasper- 

oid is epithermal in origin. This temperature range is similar to the 

mineralization temperatures of well-known epithermal deposits such as 

Creede, Colorado (190-265°C) (Bethke, Rye, and Barton, 1973); the Fin

landia vein, Peru (270-140°C) (Kamilli and Ohmoto, 1975); and Japanese 

precious- and base-metal vein deposits (240-180°C) (Enjoji, 1972).
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ALUMINUM IN QUARTZ AS A GEOTHERMOMETER

Denner, Blackburn, and Quesada (1970) spectroscopically analyzed 

both natural and synthetic quartz formed at various temperatures for 

aluminum. They found a linear relationship between the concentration of 

aluminum in quartz and its temperature of crystallization and proposed 

that the aluminum content in quartz may be used as a geothermometer for 

that mineral in nature. Several problems with this concept arise, in

cluding the purity of quartz used (Clocchiatti and Touray, 1971) and the 

lack of consideration of buffering and partitioning of aluminum into 

other phases. But it was thought that constancy of aluminum content in 

the northern Swisshelm Mountains quartz might demonstrate at least ther

mal uniformity, and that aluminum values might be informative on a rela

tive basis, even if not on an absolute one. Analyses of the northern 

Swisshelm Mountains jasperoid were done on an ARL-SEMQ. A current of 50 
nanoamperes and 15 kilovolts was used with a beam size of 1 y. Stan

dards used for calibration include Au^q q , chromite, and diopside for 

aluminum, iron, and silicon, respectively.

Figure 23 shows the results of the analyses. The coarse-grained 

quartz had much less aluminum than the fine-grained quartz. Error in 

the analyses ranges from 1.0% for analyses in the 2000-3000 ppm range to 

25% for the analysis at 70 ppm. The traverse illustrated in Figure 22 

ran from fine-grained quartz at the wall to the center of a vug filled 

by coarse-grained quartz. Microcrystalline quartz thought to have the 

fewest impurities was chosen by its white to very pale pink color. It
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contained both 'jigsaw-puzzle' and xenomorphic textures. The coarse

grained quartz was 'crystal clear'.

Although absolute concentrations of aluminum do not match those 

of Denner et al. (1970), the decrease of aluminum concentration from 

fine- to coarse-grained quartz could suggest that temperature decreases 

across the grain size change. Problems mentioned previously may, how

ever, be responsible for aluminum variation. The availability of alumi

num or the slower growth of the coarse-grained quartz which would allow 

impurities to be displaced while faster growing fine-grained quartz 

could not displace impurities may also be factors involved in the alumi

num variation. Analyses for iron were close to detection limits for the 

microprobe at less than 30 ppm and showed no regular variation with alu

minum content of the quartz.

Quartz crystallized between 150 and 200°C should contain 50 ppm 

aluminum (with 20% error; Denner et al., 1970). Coarse-grained quartz, 

in fact, had aluminum concentrations between 70 and 200 ppm. The fine

grained quartz was not plotted on Denner, Blackburn, and Quesada's graph 

which reaches 300 ppm at 1000°C (Figure 24) because it contained between 

2000 and 3000 ppm aluminum and obviously did not form at those high tem

peratures. Aluminum in quartz may be a geothermometer, but it does not 

seem to work for the northern Swisshelm Mountains jasperoid.
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GENESIS OF JASPEROID IN 
THE NORTHERN SWISSHELM MOUNTAINS

Problems of origin of these massive silicic bodies have been ex

amined in light of: 1) a source of the silica, 2) the nature of the

fluids that dissolved and transported the emplaced silica and the re

placed limestone components, 3) the mechanism of precipitation of the 

silica, and 4) the mechanisms of replacement (Lovering, 1972). These 

problems will be evaluated with respect to theoretical and experimental 

geochemistry. Field and petrographic evidence and the specific environ

ment of formation of the northern Swisshelm Mountains jasperoid are also 

considered.

Solubility of Silica

Natural waters vary in their concentration of silica. River 

waters average 10 ppm silica; the ocean has less than 10 ppm (Clarke, 

1924). Nonvolcanic hot springs generally contain less than 250 ppm si

lica, while volcanic hot springs have more than 350 ppm and can contain 

up to 1000 ppm silica in solution. The solubility of amorphous silica 

in pure water at one atmosphere pressure ranges from 60 to 80 ppm at 0°C 

to 1400 ppm at 300°C. The solubilities of quartz for the same tempera

tures, respectively, are 0 and 650 ppm, or less than half that of amor

phous silica (Figure 25). A silica-bearing glass such as the lithic 

tuff in the northern Swisshelm Mountains would, when weathered, add more 

silica to ground water than a rock with silica as quartz only.

60



61

300 t

1000
Solubility of CaCOg and Si&g (ppm)

Figure 25. Solubilities of CaCOg and SiOg in Pure Water at One Atmos
phere COg and Vapor Pressure of Solution, Respectively. —  
CaCOg data from Ellis (1959); Si02 data from Morey, Fournier, 
and Rowe (1962), Van Lier, DeBruyn, and Overbeek (1960), and 
Alexander, Heston, and H e r  (1954).
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An aqueous solution’s ability to carry silica changes with tem

perature, pressure, electrolytes and volatiles, and pH. Studies done on 

the solubility of various forms of silica include those of Kennedy (1944, 

1950); Alexander et al. (1954); Siever (1962); Morey, Fournier, and 

Rowe (1964); Sharp (1965); Holland (1967); Ganeyev (1975); Fournier and 

Rowe (1977); and Novgorodov (1977). These authors have shown that with 

increase of temperature up to 350°C, the solubility of quartz in pure 

water increases as does the solubility of amorphous silica. Increases 

in pressure also generally increase the solubility of silica (Lovering, 

1972). The pH of the solution has little effect on the solubility of 

quartz and amorphous silica until pH of 9 or greater is reached (Okamoto, 

Okura, and Goto, 1957). At that point the solubility of silica increases 

due to the formation of the SiO^ ^ and the H^SiO^ molecule.- At low pH, 

the solubility of H^SiO^ decreases, but total silica in solution remains 

constant due to the formation of colloidal silica. Silica in true solu

tion is not affected by electrolytes present in the solution (Krauskopf, 

1956; Siever, 1962). The addition of 5.0% CO2 to the solution depresses 

silica solubility by nearly half (Burnham, 1967).

Water at 200°C and atmospheric pressure would be able to carry 

about 900 ppm silica, essentially regardless of solution salinity. Hy

drogen ion concentration would have no effect on the solubility of si

lica except above pH of 9. Changes of Pq q  ̂would lower solubility of 

silica only slightly, while temperature decreases would dramatically 

lower the amount of silica in solution. Fugacity of oxygen and Eh con

siderations are unnecessary because of the lack of oxidation or reduc

tion in these reactions.
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Deposition of Silica

Deposition of silica requires supersaturation of fluids with re

spect to amorphous silica or quartz (Her, 1979). In general, various 

methods of supersaturating solutions include: 1) mixing the solution

with a high concentration of electrolytes like salts; 2) mixing with an 

oppositely charged sol (i.e., Fe+ ,̂ Ar*"̂ , Na"*"̂-, Ba+^ ions); 3) decreas

ing pressure or temperature or both; 4) supersaturating by evaporation;

5) neutralizing the solution; or 6) nucleating precipitation with a so

lid phase. In the northern Swisshelm Mountains, the decrease in temper

ature is probably the major change in the silica-bearing solutions which 

leads to deposition of silica. Addition of CO2 by dissolution of cal- 

cite would decrease silica solubility slightly when compared to tempera

ture effects. The effect of adding CO2 to a silica-bearing solution is 

to precipitate silica (Lovering and Patten, 1962) according to the fol

lowing reaction:

CaCO, + CO, + H, SiO, *510, + Ca, , + 2HC0: + H,0
3(s) 2(g) 4 4(aq) 2<c) (a4) 3<aq) 2

Chemical Mechanisms 
of Limestone Replacement

Chemical factors affecting the solubilities of CaCOg and silica 

give good indications of the types of solutions which were responsible 

for the replacement of limestone by silica. The solubility of CaCOg in

creases from 10 to 400 ppm while temperature decreases from 300 to 100°C 

(Figure 25). Increasing pressure of COg gas in solution also increases 

CaCOg solubility. Below 300°C, increasing the amount of NaCl in solution
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at least up to 1 molar will also increase the solubility of CaCO^. De

creasing pH increases the CaCOg solubility dramatically. As CaCOg dis-
_2 *?sociates, it produces the ionic and molecular species COg , HCOg ,

HgCOg, and COg. The addition of COg tends to increase carbonate ion and 

decrease the amount of calcium ion present, hence limiting the solubili- 

by of CaCOg, but the addition of COg lowers pH by producing carbonic 

acid which then increases the solubility of CaCOg and is the dominating 

effect.

Silica solubility, on the other hand, is decreased with decreas

ing temperature and increasing vapor pressure of CO2 gas. Silica solu

bility is largely unaffected by changes of NaCl concentration. The 

concentration of hydrogen ion has little effect on silica solubility ex

cept in alkaline solutions. So conditions favorable for dissolution of 

CaCOg are also conducive to silica precipitation.

Origin of Jasperoid Textures

Experimental work on the precipitation of SiOg has been done by 

Corwin et al. (1953), Yalman and Corwin (1957), Carr and Fyfe (1958), 

Mitsyuk (1974), Betterman and Liebau (1975), Oehler (1976), Mizutani 

(1977), Shumenko (1977), and others. They all found, with the exception 

of Oehler, that the transformation of silica gel to quartz generally 

takes several steps. White and Corwin (1961, p. 118) found that " . . .  

most chalcedony and chert are secondary products and require the former 

presence of gelatinous silica, silica glass, opal, or cristobalite." 

Oehler found that quartz precipitated directly from solution at 3 kb and
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100-300°C. This result may be due to instability of weakly polymerized 

hydrous species in these conditions.

Studies of chert formation may be relevant to and give insight 

into the mechanisms of formation of microcrystalline quartz in jasper- 

oids. Folk and Weaver (1952) considered the spacing of crystallization 

centers a dominant parameter in determining whether microcrystalline 

quartz or chalcedonic quartz is formed. Micro crystalline quartz forms 

when the nucleation centers are so close together that randomly oriented 

quartz grains immediately run into their nearest neighbors, forming a 

mosaic effect. Growing from just a few nucleation sites, chalcedonic 

quartz is able to grow the long radiating, continuous fibers associated 

with lussatite and fibrous chalcedony. The amount of silica in solution 

may also affect the type of quartz precipitated. Solutions supersatu- _ 

rated with respect to amorphous silica do not commonly precipitate 

quartz, but instead eventually produce a colloid (Krauskopf, 1956), 

which may then crystallize to form chalcedony or chert. Solutions super

saturated with respect to quartz are undersaturated with respect to col

loidal silica and may precipitate subidiomorphic quartz rather than 

amorphous silica. •

The various textures found in the northern Swisshelm Mountains 

jasperoid can be related to the aforementioned factors. 'Jigsaw-puzzle' 

quartz may form from the rapid transformation of silica gel to quartz 

when the sites of nucleation are close together, equivalent to the dis

tance between center points of adjacent crystals. Xenomorphic textures 

may be due to slower deposition of quartz from silica gel with widely
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spaced nucleation sites. The relative cleanliness of the xenomorphic 

texture compared to the 'jigsaw-puzzle' quartz also suggests slower 

crystallization allowing time for the crystals to displace impurities. 

Subidiomorphic textures require more time and space to begin to develop 

crystal faces and larger crystal sizes. It is generally thought that 

they crystallize from quartz in solution rather than from a silica gel 

(Lovering, 1972). The possibility of recrystallization from previous 

quartz exists. Vugs may be due to the dissolution of calcite in pockets 

or to the shrinkage of crystallizing silica gel. Ribbon rock also could 

be formed by the dessication and subparallel fracturing of the silica 

gel to allow more silica-rich fluids to flow through and deposit quartz. 

Brecciated textures may also be formed by fracturing and dessication of 

silica gel. Liesegang bands certainly indicate a silica gel with the 

ability of ions to diffuse through depositing layers of iron oxide- 

enriched and -depleted layers.

Transportation of replacement components may occur via two major 

physical mechanisms: 1) by movement of solutions through flow, and 2)

by diffusion. Diffusion is a time-limited process which moves ions down 

concentration gradients for short distances (Lindgren, 1933; Carrels and 

Dreyer, 1952); consequently, major mass transport must occur through 

channels along joints, fractures, faults, bedding planes, or strata of 

high permeability. The nature of the limestone-jasperoid contact in the 

northern Swisshelm Mountains suggests that fracturing aided by local dif

fusion permits movement of silica several centimeters into the carbonate 

from replacement contacts. Fault zones and permeable limestone units in
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the northern Swisshelm Mountains provided channelways for silica-rich 

waters. Precipitation of silica gel effectively closed channels to move

ment other than diffusion. Crystallization of silica gel to quartz en

tailed release of water and a reduction of volume. Channels for fluid 

flow would again be opened by the volume reduction. The brecciated tex

tures so commonly found immediately in back of the reaction front sug

gest that the above is a typical sequence of events.

Origin of Silica

Lovering (1972) noted several possible sources of the jasperoid 

silica. They include: 1) emanations from a cooling magma; 2) solution

of silica present in the immediate host rocks such as chert, siliceous 

organisms, and terrigenous silicic components; 3) solution of silica by 

hypogene or meteoric mineralizing solutions reacting with wall rock min

erals en route to the site of silicification; 4) weathering of adjacent 

or overlying rocks; and 5) combinations of the above. These possible 

sources will be examined in light of the field and petrographic evidence 

from the northern Swisshelm Mountains.

Emanations from an intrusive body at depth under the jasperoid 

are unlikely sources of silica for the northern Swisshelm Mountains jas

peroid, since no evidence for a deep intrusion has been discovered to 

date by field mapping or drilling, nor have intrusive bodies been sus

pected on the basis of induced potential or magnetic surveys done by 

Inspiration Development Company. The Laramide(?) andesite dikes in the 

area are to the south of the major silicification, and no obvious chan

nels for solution flow from an intrusion are present in the field area.
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Although the andesite dikes do show moderate alteration in thin section, 

the lack of jasperoid formation adjacent to them or along adjacent 

structures indicates that the silica came from elsewhere. The amount of 

andesite needed to provide the silica found in the jasperoids greatly 

exceeds the amount of andesite seen in the field area and would necessi

tate a large intrusion at depth. Mid-Tertiary volcanism associated with 

the Chiricahua caldera event 15 km to the east (Marjaniemi, 1970) could 

certainly have extended this far west. The volcanic complex immediately 

to the east of the thesis area is sufficient to have provided energy and 

fluids for silicification in the thesis area. In thin section, however, 

the rhyolites are fresh with no alteration.

Dissolution of host rocks or alteration of wall rocks by migrat

ing fluids seem to be unreasonable choices for silica sources. Host 

rocks in the area are predominantly carbonates with a maximum of 5% Si02 

(Figure 3, in pocket) predominantly as terrigenous material and diagenet- 

ic chert. For every kilogram of jasperoid present, 20 kg of limestone 

would have to have been dissolved to provide the silica. Evidence of 

massive solution such as this has not been found in the northern Swiss- 

helm Mountains. None of the strata containing greater amounts of silica 

such as the Bolsa Quartzite or Earp Formation show dissolution features. 

The lack of alteration in the Paleozoic strata in the thesis area also 

indicates that there was no fluid flow through them which might have dis

solved available silica and redeposited as jasperoid.

Weathering of the overlying tuff unit is another possible source 

of silica for the jasperoid. The tuff may have been deposited in a



69
continuous layer over the area. The tuff is easily weathered and its 

present restricted local occurrence suggests that most of it may have 

been weathered. In thin section the potassium feldspar shows sericiti- 

zation. The solubility of silica-bearing glass is much higher than that 

of quartz at all temperatures, and the tuff would be expected to add 

more silica to the ground water than surrounding quartzose formations. 

The sericitization of feldspar also releases silica according to the 

following equation: '

3KAlSi308 + 2H+ + £ Kal2(AlSi3010)(OH)2 + 2K+ + 6Si02

An estimate of the quantity of jasperoid present in the northern Swiss- 

helm Mountains would give a rough estimate of the amount of tuff neces

sary to supply the needed silica in solution. A volume of jasperoid 

1.6 x 0.8 x 0.1 ton with a specific gravity of 2.65 can be used as a rea

sonable amount of jasperoid present in the northern Swisshelm Mountains. 

This gives a total of 3 x 1 0 ^  g of silica required. If the silica had 

come entirely from the tuff, it may have derived from the alteration of 

potassium feldspar to sericite and direct dissolution of silica from 

glass, quartz, and other silicates. The volume of tuff needed, assuming 

the tuff to have 30% potassium feldspar which is completely sericitized 

and that 50% of the tuff, as other siliceous phases, dissolves producing 

SiOg, would be 0.18 ton̂ .

The origin of silica for the northern Swisshelm Mountains jas

peroid probably involves a combination of sources including Tertiary 

volcanism and weathering tuff. As the silicification is younger than
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the mid-Tertiary volcanics in the thesis area, it is hypothesized that 

volcanism in the area raised the temperature of the ground water locally 

to over 200°C. Circulating hot meteoric waters were effectively able to 

transport silica both from the recent volcanic rocks at shallow depths 

and possibly from the tuff overlying the area. Cool meteoric water 

weathering the tuff may also contribute silica. The fluids moved 

through the available permeable channels including faults, fractures, 

and permeable rock units. Dissolution of the carbonates changed the 

composition of the fluids carrying silica, adding calcium ions and CO2 , 

which supersaturated the solution with respect to silica and caused it 

to precipitate. Silicified tuff is locally preserved adjacent to silici- 

fied limestones. Presumably the silica-bearing fluids were supersatu

rated with respect to silica by reaction with limestones, and fluids as 

far as three meters away in the tuff deposited their excess silica in 

fractures. .



CONCLUSIONS

Jasperoid is found: 1) associated with faults; 2) preferential

ly replacing limestone units predominantly within the Horquilla, Earp, 

and Colina Formations with two small outcrops in the Upper Cambrian- 

Lower Ordovician strata; 3) spatially associated with mineralized areas 

in Sections 1 and 12; and 4) affecting tuff in two areas where the tuff 

is immediately adjacent to jasperoid contacts. These relationships in

dicate that the northern Swisshelm jasperoid is younger than mineraliza

tion, faulting, and the Tertiary volcanic rocks in the map area. The 

jasperoid bodies are controlled in outcrop by mutual presence of faults 

and favorable limestone units. The limestones show no alteration to and 

outward from jasperoid contacts, and no calc-silicate minerals were 

found.

Petrographic studies of the jasperoid textures and jasperoid- 

limestone contacts suggest that the silica was deposited as a gel which 

then crystallized, lost volume, and allowed ingress of more silica-rich 

fluids. Fluid inclusions indicate that coarse-grained quartz crystal

lized at temperatures between 145 and 216°C while aluminum geothermomet

ry gives permissive evidence for a higher temperature of formation for 

the microcrystalline quartz. Geochemical analyses of the jasperoid show 

local anomalous values of copper and molybdenum, but they occur 

erratically.

The source of silica is postulated to be both the crystal tuff, 

which at one time must have covered the entire area, and fluids from

71
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volcanic activity. Cool meteoric water descends through the tuff unit 

and dissolves silica, possibly becoming saturated. Ground waters, heat

ed by a magmatic source, may also gain silica from the magmatic source. 

The descending water mixes with hot ground water, and the solution, if 

saturated, becomes undersaturated because of heating. Hot ground waters, 

laden with silica from the shallow volcanic rocks and the tuff, flowed 

through fault zones and favorable limestone units where dissolution of 

CaCOg produced conditions suitable for silica deposition. Temperatures 

and shallowness of deposition suggest an epithermal environment, although 

carbonates of Paleozoic age rather than volcanics are the host rocks.
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