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Abstract

The Jornada Vista prospect is located in the northeastern 
section of the Fra Cristobal Range, in south-central New 
Mexico. Previous work by Tenneco Minerals Incorporated 
identified elevated but sub-economic gold concentrations in 
jasperoid. This study tested the applicability of the model of 
sedimentary rock hosted disseminated gold, and determined the 
degree of structural control on the emplacement of the 
jasperoid. Suspected host rocks are folded, faulted, and 
fractured carbonate rocks of the Pennsylvanian Magdalena 
Group. The area was mapped at a scale of 1:4800. Sixty-nine 
rock chip samples, including quality control samples, were 
collected and analyzed for 15 elements by ICP/AA analysis.

Geochemical analyses showed no detectable gold 
concentrations in any carbonate samples. Four jasperoid 
samples did have detectable gold. Of pathfinder elements for 
gold, only mercury had values which could be considered 
anomalous.

The structural geology of the prospect consists of three 
western structural domains and one eastern domain. The western 
domains are each dominated by a large overturned syncline 
below a thrust sheet of Precambrian granitic rocks.
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The eastern structural domain is relatively undeformed, 
with gently undulating strata. A set of en echelon normal 
faults, trending N25W to N45W, dominates the structure.

Structure exerted a high degree of control over jasperoid 
emplacement. Most jasperoids are fault related.

Although a hydrothermal system operated in the Jornada 
Vista prospect, concentrations of gold and related elements 
are not consistent with the model developed for sedimentary 
rock hosted disseminated gold deposits. It is possible that 
the present topographic surface is too high or low with 
regards to mineralization, gold solubility was low to begin 
with and changes in temperature or geochemistry caused the 
precipitation of the small amounts of gold before fluid 
penetration into the carbonate, or that sample density was too 
low to uncover anomalous gold in a disseminated deposit.

iv



T-4019

TABLE OF CONTENTS 
ABSTRACT iii
LIST OF ILLUSTRATIONS vii
LIST OF TABLES ix
LIST OF PLATES ix
ACKNOWLEDGEMENTS X

INTRODUCTION 1
1.1 Location 1
1.2 Previous Work 3
1.3 General Geology 3
1.4 Objectives and Methods 6
1.5 The Disseminated Gold Model 8

GEOLOGIC AND TECTONIC SETTING 11
11.1 Physiography 11
11.2 Lithology and Stratigraphy 11
11.3 Geologic History 21

JORNADA VISTA PROSPECT 2 5
111.1 Physiography 25
111.2 Local Lithology and Stratigraphy 25

STRUCTURAL GEOLOGY 3 5
IV.1 Introduction 35
IV.2 Faults 37
IV.3 Folds 40

v



T-4019

IV. 4 Structural Control of Jasperoids 46
EXPLORATION GEOCHEMISTRY 48

V.l Methods 48
V .3 Data 50
V .2 Quality Control and Precision 65
V .4 Background vs. Threshold 70
V .5 Interpretation of Geochemistry 75

DISCUSSION AND CONCLUSIONS 78
VI.1 Summary 78
VI.2 Structural Control 78
VI.3 The Model 79
VI.4 Recommendations for Further Work 84

REFERENCES 86
APPENDIX A: GEOCHEMICAL SAMPLING RESULTS 91
APPENDIX B: THIN SECTION DESCRIPTIONS 94

vi





T-4019

19. Geochemical Profiles of Analyzed Elements Along
Sample Line JVGC2 56

20. Enlargement of Area 3 57
21. Geochemical Profiles of Analyzed Elements Along

Sample Line JVGC3 58
22. Enlargement of Area 4 59
23. Geochemical Profiles of Analyzed Elements Along

Sample Line JVGC4 60
24. Enlargement of Area 5 61
25. Geochemical Profiles of Analyzed Elements Along

Sample Line JVGC5 62
26. Enlargement of Area 6 63
27. Geochemical Profiles of Analyzed Elements Along

Sample Line JVGC6 64
28. Frequency Diagrams for Gold and Arsenic Responses 71
29. Frequency Diagrams for Mercury and Antimony Responses 7 2

viii



T-4019

LIST OF TABLES
1. Arithmetic Mean and Range of Geochemical Data

Arranged by Sample Type 51
2. Precision for Field Sample Duplicates 66
3. Precision of Pulp Samples vs. Original Samples 67
4. Results of Fire Assay Gold Analyses vs. ICP/AA

Gold Analyses, Including Variability 68

LIST OF PLATES
1. Geologic Map of the Jornada Vista Prospect,Fra Cristobal Range, New Mexico in pocket

ix



T-4019

Acknowledgements

I would like to thank my thesis advisor. Dr. Eric Nelson, 
for introducing me to the beautiful Fra Cristobal Range, and 
for his assistance and guidance throughout this study. I also 
thank the other committee members, Dr. L. Graham Closs and Dr.
S.B. Romberger for their advice and financial support. Access 
to the study area was graciously permitted by Oppenheimer 
Industries, Kansas City, MO, the land owner, Tenneco Minerals 
Incorporated, Lakewood, CO, the mineral rights holder, and Mr. 
Kyle Reid, the ranch operator. Special thanks go to Mr. Bruce 
Van Allen and Tenneco Minerals Incorporated, and also to Mr. 
Frank Kottlowski and The New Mexico Bureau of Mines and 
Mineral Resources for the financial support which made this 
study in its present form possible. I would also like to thank 
Mrs. Ardis Monarchi and the ladies of the Women's Auxilliary 
of the American Institute of Mining Engineering (WAAIME) for 
their support. Finally, special thanks and warmest regards to 
Ms. Kata McCarville, Assistant Director of the Colorado School 
of Mines Computer Center, for her teachings, friendship, and 
support in granting me a Teaching Assistantship at the CSM 
Computer Center.

x



T-4019

I Introduction

I.1 Location
The Fra Cristobal Range is a north trending horst block 

bounded by normal faults, located along the east side of the 
Rio Grande Rift on the Pedro Armendaris Land Grants numbers 3 3 
and 34, in Sierra and Socorro Counties, New Mexico (Fig.1). 
Access is provided by a series of unpaved roads which 
ultimately connect with State Highway 52 southeast of the 
range, in Engle.

Recent exploration by Tenneco Minerals Inc. (198 3) has 
identified an area of elevated gold concentrations in the 
northeastern part of the range. This area is known as the 
Jornada Vista prospect, and is the subject of this study. The 
area is approximately 3.6 square miles, and is bounded on the 
western side by Precambrian granite and gneiss, and on the 
eastern side by Quaternary alluvium of the Jornada del Muerto 
valley. The range continues to the south, ending at the Cutter 
Sag, and for a short distance to the north, where it slopes 
down to the Elephant Butte Reservoir section of the Rio Grande 
river.
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Figure 1: Location map of the study area. Base map after Van Allen et al.(unpublished).
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1.2 Previous Work
Early reports of the geology of the Fra Cristobal Range 

were prepared by Shumard (1859), Keyes (1903, 1905), Lee and
Girty (1909), Darton (1922, 1928), and Harley (1934). A number 
of theses were completed in the area between 1950 and 1960, 
including those by Bushnell (1953), Jacobs (1956), Cserna 
(1956) , and McCleary (1960) . Thompson revised his 1955 thesis 
in 19 61, and published a paper on the geology of the southern 
section of the range. Warren (1978) mapped the west—central 
portion of the range while studying Quaternary basalts. Van 
Allen et al. (1983, 1984 unpublished) presented data from a
reconnaissance survey by Tenneco Minerals Inc. in the range 
and surrounding areas, including the finding of elevated gold 
responses in the Jornada Vista prospect. Hunter (1986) studied 
the Cretaceous-Tertiary McRae Formation. Chapin (198 6) 
completed a Master's thesis, and Chapin and Nelson (1986) 
reported on thick-skinned Laramide deformation in the range. 
Nelson and Hunter (1986), studied thin-skinned Laramide 
deformation in Paleozoic rocks of the range. Nelson (1986) 
summarized the geology of the range.

1 .3 General Geology
The Fra Cristobal Range is part of a tectonic province
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that coincides with a long lived fundamental weakness in the 
Earth's crust. Structure is complex, and indicates a 
multiphase history of tectonism. This history includes 
Precambrian events. Ancestral Rockies (?) and Laramide 
compressional tectonism, and Tertiary-Quaternary extensional 
tectonism (Nelson, 1986). Hydrothermal fluid flow, alteration 
and mineralization are associated with this latest phase.

Figure 2 is a geologic map of the Fra Cristobal Range 
showing the position of the study area. The stratigraphy of 
the study area consists of Precambrian crystalline rocks, 
Pennsylvanian Magdalena Group limestones, Permian Abo red 
beds, and Quaternary alluvium. Precambrian rocks are mainly 
granite, and are in thrust fault contact with limestone of the 
Pennsylvanian Magdalena Group. Permian Abo red beds 
conformably overlie the Magdalena beds.

Gold mineralization in the Jornada Vista prospect is 
associated with zones of silicification (jasperoids), and 
barite-fluorite mineralization in the Pennsylvanian Magdalena 
Group. The Magdalena Group is divided into three formations, 
the Red House, Nakaye, and Bar B formations, which consist 
mainly of limestone, with interbedded shale and siltstone 
(Kelley and Silver, 1952). The entire group is approximately 
1500 feet thick. For the purposes of this study no attempt has 
been made to distinguish between the formations of the
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Magdalena Group in the Jornada Vista area. Outcrops of Nakaye 
limestone are most prevalent in the study area, and are most 
likely to host mineralization. The slope-forming Bar B and Red 
House formations may be present, and the latter most likely 
underlies thick talus on steep slopes near the thrust contact.

Similar mineralized areas exist in various structurally 
controlled zones throughout the range, especially along faults 
and in breccia pipes. In such areas both replacement jasperoid 
and open space hydrothermal fillings are found. Associated 
minerals are barite, fluorite, galena, various copper 
minerals, pyrite, guartz, and limonite.

I.4 Objectives and Methods
The objectives of this study were to investigate the 

style of gold mineralization in the Jornada Vista prospect. 
This area was explored by Tenneco Minerals Inc. who envisioned 
a vein and manto model of mineralization in which the silica 
bodies were seen as the possible ore zones. Exploration and 
geochemical sampling focused upon the jasperoids. Gold 
mineralization was found to be sub-economic. The present study 
investigated the Jornada Vista prospect from the point of view 
of a different model, that of low grade disseminated gold in 
sedimentary host rocks, associated with jasperoid emplacement.
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This model was developed for gold mineralization along the 
Carlin Trend in Nevada (Romberger, 1986). Jasperoids are 
formed when hydrothermal fluids deposit microcrystalline 
silica by lithologie replacement and by open space filling in 
response to physico-chemical changes that occur as calcite is 
dissolved from rock and silica is precipitated as the fluid 
cools (Fournier, 1985). Jasperoids are often found in 
association with disseminated gold deposits, and are often 
targeted during the reconnaissance stage of gold exploration. 
Not all jasperoids are associated with gold, however, as many 
hydrothermal systems are barren. The suspected sedimentary 
host rocks in the Jornada Vista prospect were carbonates of 
the Pennsylvanian Magdalena Group. To test the applicability 
of the disseminated gold model to the area, the Jornada Vista 
prospect was mapped at a scale of 1:4800, with emphasis placed 
upon the highly irregular jasperoids. Geochemical sampling was 
undertaken, and 69 samples were collected. The majority (48) 
of these samples were of carbonate proximal to jasperoid. Ten 
jasperoid samples were collected for comparison with the 
carbonates, and to tie this work into previous work. Eight 
samples were added for quality control in the geochemical 
analyses. These included field sample site duplicates, blanks, 
and a known gold ore sample. Three miscellaneous samples were 
included. Fifteen element analysis was performed by GSI
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Laboratories, Rocklin, California using an ICP/AA methodology. 
Eight samples were re-analyzed from the original pulps to 
ensure quality control of the GSI data. To determine the 
efficiency of gold extraction by GSI, 11 pulps from samples 
analyzed by GSI were fire assayed for gold content by Cone 
Geochemical Inc., Lakewood, Colorado. Two cross sections were 
prepared in order to better illustrate the complex structure 
of the area. Structural analysis was performed to determine 
the degree of structural control of jasperoid emplacement and 
mineralization.

I .5 The Disseminated Gold Model
Sedimentary rock hosted disseminated gold mineralization 

is characterized by low grade gold deposited by epithermal 
processes in sedimentary host rocks (Romberger, 1986). 
Jasperoid is emplaced in carbonate terranes by the dissolving 
of carbonate and precipitation of silica by hydrothermal 
solutions. The driving force in the hydrothermal systems is 
local elevation of the geothermal gradient (Romberger, 1986).

The genesis of the mineralizing system is postulated to 
begin when ground water in an area has been allowed to develop 
vertical zonation with regards to oxidation conditions, 
resulting in deep reducing pore fluids that are chemically





T-4019 10

and the surrounding fluids or rocks.
The directions of migrating hydrothermal solutions are 

dependent upon several factors, including the hydrologie flow 
regime and the fracture pattern in the surrounding rock. This 
can result in a very complex geometry of replacement and 
mineralization. Jasperoid outcrop patterns are often 
irregular. In addition, the degree of mineralization may vary 
greatly, even on a local scale.

Disseminated gold deposits are often found in lower plate 
rocks proximal to thrust faults, or in windows (fensters) in 
overlying thrust plates. However, the genetic implications, if 
any, have not been established. Fracturing is very important 
at all stages of hydrothermal activity in determining the 
degree to which mineralizing fluids can penetrate into the 
potential host rock.
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II Geologic and Tectonic Setting

11.1 Physiography
The Fra Cristobal Range is one of a number of 

approximately north trending mountain ranges present along the 
Rio Grande Rift in south central New Mexico (Fig.3). The range 
is east of the Rio Grande Rift and west of the Jornada del 
Muerto depression. The range is bounded on the north side by 
the San Pascual platform and on the south by the Cutter Sag, 
which separates it from the Caballo Uplift. The highest peak 
in the range is 6834 feet above sea level. The Jornada del 
Muerto contacts the range at approximately 4900 feet above sea 
level, and slopes gently eastward.

11.2 Lithology and Stratigraphy
Figure 4 is a stratigraphie column of the Fra Cristobal 

Range. Precambrian crystalline rocks include the Fra Cristobal 
pluton, composed of granite, and metamorphic rocks. The 
granite predominates, and is S-type pink to red, medium- to 
coarse-grained, hypidiomorphic granular. Weak gneissic banding 
has developed locally. Minerals are 22% quartz, 41% 
orthoclase, 26% microcline, 9% albite, 2% muscovite, with 
minor biotite, hornblende and magnetite (Cserna, 1956). In
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TKm
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(1300 '?)
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(450’)

■

Pm
(1490’)

150 m

McRae Formation (TKm)
Arkosic greywacke interbedded with siltstone,whitish 
tuff, tuffaceous sandstone , and pebble conglomerate.

San Andres Formation (Psa)
Gray limestone, locally dolomitic, sandy, or cherry 
Glorietta Sand tone member (Psag) resistant quartz sandstone.

Yeso Formation (Py)
Joyita Member (Pyj): orange to red, thin-bedded fine grained 
sandstone. Can as Member (Pyc): gypsum-anhydrite interbedded 
with limestone. Los Valios Member (Pyl): light to medium gray, 
limestone interbedded with sandstone. Meseta Blanca member (Pym): 
light reddish-brown to pale green siltstone and fine-grained sandstone.

Abo Formation (Pa)
Deep red to purplish-brown shale, siltstone, and fine-grained 
sandstone, with limestone pebble conglomerate.

Magdalena Group (Pm)
Bar B Formation (Pmb): gray shale and thin- to medium-bedded 
limestone. Nakaye Formation (Pmn): medium to dark gray, thick- 
bedded limestone interbedded with thin- to medium-bedded, clayey, 
nodular limestone and shale. Red House Formation (Pmr): medium 
to dark gray, thin-bedded limestone in ter bedded with shale.

Montoya Group (Cable Canyon Sandstone, Om)
White, gray, and brown , well-sorted, medium- to coarse-grained quartz 
sandstone, commonly brecciated and silicified.

El Paso Group (Oep)
Bat Cave Formation (Oepb): thin- to medium-bedded, light gray 
limestone below medium- to thick-bedded gray limestone and 
dolomitic limestone. Sierrite Limestone (Oeps): thin-bedded, 
medium to dark gray limestone and red shale.

Bliss Sandstone (OCb)
Upper: greenish-brown siltstone, sandstone, and thin-bedded dark 
gray limestone. Middle: dark purple medium- to coarse-grained 
hematitic quartz sandstone. Lower: white, locally conglomeratic, 
quartzose and arkosic sandstone.

Precambrian Crystalline Rocks (Pegm)
Reddish-brown weathering, massive to slightly foliated, medium- 
to coarse-grained granite, with amphibolite schist and gneiss 
inclusions, aplite and pegmatite dikes.

Figure 4: Generalized Stratigraphie Column for the Fra
Cristobal Range (Modified from Nelson, 1986.)
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addition to granite, dark green to black chlorite schist and 
intermediate rocks are also found (Nelson, 198 6). Pegmatite 
and aplite are locally prevalent. Small metasomatic bodies 
enriched in potassium are common in the granite, as are quartz 
veins (Van Allen et al., 1983).

Due to periods of erosion and depositional onlap. 
Paleozoic rocks vary greatly in thickness in the Fra Cristobal 
Range. Many Paleozoic formations are locally absent, 
especially in the northern section of the range, where 
Pennsylvanian rocks directly overlie Precambrian rocks.

The middle Cambrian to lower Ordovician Bliss Sandstone 
unconformably overlies Precambrian crystalline rocks, and can 
reach 100 feet in thickness in the Fra Cristobal Range. Cserna 
(1956) divided the formation into two members, a lower member 
of coarse- to fine-grained sandstone, and an upper sequence of 
siltstone, limestone, and shale. Conformably overlying the 
Bliss Sandstone is the lower Ordovician El Paso Group, which 
is subdivided into the Sierrite Limestone and the overlying 
Bat Cave Formation. The former is a thinly-bedded limestone 
unit with numerous chert laminations and occasional red shale 
partings. Maximum thickness is 123 feet (Thompson, 1961). The 
Bat Cave Formation is further subdivided into a lower slope- 
forming member, and an upper banded cliff-forming unit 
(Nelson, 1986). The lower unit is composed of thin- to medium-
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bedded stromatolitic limestone. The upper unit consists of 
alternating bands of medium- to thick-bedded dark gray and 
medium gray limestone, dolomitic limestone and dolomite. In 
addition, chert beds are common, and silicified breccia is 
found near the top of the unit (Nelson, 1986).

The Ordovician Montoya Group is only represented in the 
Fra Cristobal Range by the basal Cable Canyon Sandstone. The 
overlying Upham Dolomite may be present at depth in the 
extreme south of the range, but this has not been confirmed 
(Nelson, 1986). The Cable Canyon Sandstone consists of medium- 
to coarse-grained sandstone and may be up to 2 0 feet in 
thickness. The upper contact, with the Magdalena Group, forms 
a major unconformity, and is associated with silicified 
breccia (Nelson, 1986). Since this unit is not found in the 
Jornada Vista prospect it was not examined to determine 
whether any of this silicified material is jasperoid.

The Pennsylvanian Magdalena Group was deposited over a 
previously subaerially exposed surface. Pre-Pennsylvanian 
rocks thin to the north, eventually pinching out, so that 
Magdalena Group rocks are found in basal contact with 
progressively older units to the north. In the Jornada Vista 
area, which is in the northernmost part of the range, 
Magdalena Group rocks directly overlie Precambrian crystalline 
rocks. The Magdalena Group was divided into three formations
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by Kelley and Silver (1952) . In ascending order these are the 
Red House, Nakaye, and Bar B formations. The thickness of the 
entire group has been measured in the Fra Cristobal Range at 
1353 feet (Cserna, 1956) and 1488 feet (Thompson, 1961).

The Red House Formation is a poorly exposed slope-forming 
unit that unconformably overlies various pre-Pennsylvanian 
units in the Fra Cristobal Range. It consists of thin-bedded 
micritic limestone and shale, and often includes limestone 
nodules. Nelson (1986) reports that there is a very thin layer 
of quartz or chert pebble conglomerate and red quartz arenite 
at the base of the unit. The thickness of the Red House 
Formation in the Fra Cristobal Range has been measured at 53 0 
feet (McCleary, 19 60 ; Thompson, 1961). Many of the beds are 
fossiliferous.

The Nakaye Formation is composed of crystalline micrite, 
packstone, and grainstone which are interbedded with shale, 
and chert, in bands, lenses, and nodules. Thompson (1961) 
reports a thickness of 700 feet for the formation in the Fra 
Cristobal Range. The Nakaye Formation is characterized by 
thick to massive bedding, and commonly forms cliffs. The 
limestone varies in color from grayish brown to dark gray, and 
is locally fetid. Weathering color is also variable, and many 
shades of gray and brown are common. Calcite stringers are 
abundant, and some beds are fossiliferous.
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The Bar B Formation is dominantly composed of packstone, 
wackestone, and crystalline micrite (Nelson, 1986), but is 
found in some places in the range to consist mostly of gray 
claystone and shale with alternating thin bedded limestone in 
some places in the range (Van Allen et al., 1983) . Nodular 
chert and dolomite are common. The Bar B Formation is a slope- 
forming unit, and has been measured at 258 feet thick in the 
Fra Cristobal Range (McCleary, 1960). The Bar B Formation 
contains numerous fossiliferous beds (Kelley and Silver, 
1952).

The Permian Abo Formation conformably overlies the 
Magdalena Group. The formation consists of thin- to medium- 
bedded deep red to purplish brown shale, siltstone and very 
fine to fine grained sandstone. Cserna (1956) states that the 
thickness of the unit does not exceed 500 feet in the range. 
The unit is poorly resistant to weathering. The Abo Formation 
is readily distinguished by its red color, although some shale 
is locally green. Crossbeds, ripple marks, scour and fill 
structures, mud cracks, and animal tracks are locally present 
(Nelson, 1986), and beds of limestone pebble conglomerate are 
also found. The formation is believed to be a continental 
floodplain deposit (Van Allen et al. , 1983). The Abo Formation 
grades upward into the Permian Yeso Formation.

The Yeso Formation was divided into four members by
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Needham and Bates (1953) . The thickness of the formation is 
variable (Nelson, 1986), but was measured in the Fra Cristobal 
Range at 1,100 feet by Hunter (1979) and 1,239 feet by 
Thompson (19 61). The members are, in ascending order, the 
Meseta Blanca, Los Vallos, Cahas, and Joyita. The Meseta 
Blanca Member consists of thin- to medium-bedded, well sorted 
pale reddish brown and light green fine- to very fine-grained 
marine sandstone and siltstone. The member is about 500 feet 
thick in the range (Van Allen et al., 1983). Nelson (1986) 
reports common ripple marks and salt casts in the lower part 
of the member. The Los Vallos Member, also called Los Valles 
(Van Allen et al. , 198 3) , and Torres (Thompson and Kottlowski, 
1955), is composed of light to medium gray to tan limestone 
intercalated with sandstone, with local occurrences of gypsum, 
anhydrite and halite evaporite beds. Beds are locally 
fossiliferous. This fact together with common evaporites 
indicates periods of varying salinity or local evaporation due 
to pool isolation. The Los Vallos Member is approximately 400 
feet thick (Van Allen et al., 1983). The Cahas Member is 
approximately 140 feet thick, and consists of multiple gypsum 
and anhydrite beds separated by marine carbonates and 
sandstone lenses. The Joyita Member is approximately 120 feet 
thick and consists of thin- to medium-bedded tan to orange or 
red fine- to medium-grained sandstone locally interbedded with
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carbonate.
The Permian Glorietta Sandstone is considered by some to 

be the basal unit of the San Andres Formation (Nelson, 1986). 
It is approximately 8 to 15 feet in thickness (Van Allen et 
al., 1983). The unit conformably overlies the Yeso Formation 
and is composed of fine- to medium-grained, well sorted 
quartzose sandstone. The unit is massive, calcareous, 
resistant, and weathers to a yellowish brown color.

The Permian San Andres Limestone is fine-grained, light 
to dark gray limestone with thin local horizons of dolomite, 
sand, and chert. Beds are locally fossiliferous, laminated, 
and fetid. Weathering color varies from gray to buff or tan. 
Thompson (1961) measured an incomplete section in the Fra 
Cristobal Range at 369 feet thick. The San Andres Formation is 
resistant to erosion and commonly forms cliffs.

Minor outcrops of the Cretaceous Dakota Sandstone, Mancos 
Shale, and Mesaverde(?) Formation have been reported in the 
Fra Cristobal Range (Thompson, 1961). These were found in the 
southern part of the range, and only the Mancos Shale appears 
to have any appreciable thickness, which was estimated at 400 
feet (Thompson, 1961).

The upper Cretaceous-Paleocene McRae Formation 
unconformably overlies earlier deposits in several areas of 
the range. At the extreme north of the range, the McRae
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Formation overlies Precambrian crystalline rocks. The 
formation has been divided into the Jose Creek and Hall Lake 
Members. The lower of the two is the Jose Creek Member, which 
consists of a lower brown to greenish brown shaley sequence, 
and an upper tan to dark brown sandstone section interbedded 
with tan siltstone (Kottlowski, 1965). Conglomeratic lenses 
are found, as are local areas of lithic fragments, and 
chloritic and ferruginous silt. The Hall Lake Member is 
composed of purplish to brown tuffs, siliceous or argillaceous 
siltstones, and lenses of green to purplish gray 
volcaniciastic greywacke (Kottlowski, 1963). Conglomeratic 
lenses are also found. The thickness of the McRae Formation in 
the Fra Cristobal Range is unknown. The formation was 
interpreted by Hunter (1986) as a syn- to post orogenic 
molassic deposit which received detritus shed from a Laramide 
high located to the west.

Small outcrops of Tertiary-Quaternary basaltic rocks are 
found in the Fra Cristobal Range, and are associated with the 
formation of the Rio Grande Rift. Some of these basaltic rocks 
contain coarse-grained olivine and pyroxene nodules believed 
to have derived from the mantle (Nelson, personal comm.). 
Basaltic and andesitic (?) dikes are also locally prevalent. 
The Miocene to Pleistocene Santa Fe Group consists of 
unconsolidated sediments of variable thickness. The unit is
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poorly sorted, with lenses of fanglomerate alternating with 
lenses of sand, silt, or clay.

Quaternary alluvium covers much of the area to the east 
of the range. The alluvium is poorly sorted and highly 
variable. Pediment gravels are common.

II.3 Geologic History
The Precambrian history of the Fra Cristobal Range is 

represented by the Fra Cristobal Pluton, which intruded into 
previously metamorphosed sedimentary and volcanic rocks 1.4- 
1.5 billion years ago (Nelson, 1986). Parts of the pluton 
itself are also foliated, which may indicate a later 
Precambrian period of deformation.

Prior to the deposition of the upper Cambrian Bliss 
Sandstone, the surface of the area was subaerially exposed, 
leading to extensive erosion. The exposure is thought to have 
been caused by a late Precambrian epeirogeny (Kelley and 
Silver, 1952), and resulted in peneplanation of the 
Precambrian rocks. The Bliss Sandstone was deposited over this 
peneplain during a marine transgression. The basal contact is 
locally conglomeratic. The sea continued to deepen in the 
Ordovician Period as evidenced by the fact that the Bliss 
Sandstone is conformably overlain by shallow marine deposits
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of the lower Ordovician El Paso Group. Epeirogenic uplift 
subaerially exposed the lower Ordovician shelf, resulting in 
some karstification before the deposition of the shallow 
marine Cable Canyon Sandstone at the base of the middle to 
upper Ordovician Montoya Group. The Cable Canyon Sandstone and 
the Upham Dolomite are the only representatives of the Montoya 
Group present in the Fra Cristobal Range. The latter, if found 
at all, is totally confined to the extreme south of the range 
(Van Allen et al., 1983).

Between the Ordovician and Pennsylvanian Periods there 
was an extensive time of erosion. Erosion cut deeper in the 
northern section of the range, removing all Paleozoic strata 
deposited before the Pennsylvanian Magdalena Group, so that 
Magdalena rocks directly overlie Precambrian crystalline 
rocks. Van Allen et al. (1983) associate the northward pinching 
out of the lower Paleozoic strata to an angular unconformity, 
but stop short of suggesting that this is evidence of a 
Paleozoic orogeny related to the Ancestral Rockies event. 
Others cite a depositonal onlap model, suggesting that the 
erosional surface is a disconformity caused by epeirogeny 
(Chapin, 1986 ; Nelson, 1986).

The Magdalena Group limestones and shales are 
Pennsylvanian shelf deposits of a cyclic nature (Nelson, 
1986). The red beds of the Permian Abo Formation conformably
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overlie the Magdalena Group and are evidence of a marine 
regression. They are considered continental floodplain 
deposits (Van Allen et al., 1983). Deposition of the Permian 
Yeso Formation was accomplished during a series of minor 
transgressions and regressions. Evaporite beds within the Yeso 
Formation record periods of basin restriction during the minor 
regressions and, perhaps, sabkha deposition (Nelson, 1986) .
Marine transgression in the upper Permian is recorded by the 
Glorietta Sandstone and the San Andres Limestone.

Triassic and Jurassic strata are not found in the Fra 
Cristobal Range, suggesting uplift and erosion. Minor strata 
of lower Cretaceous rocks (Thompson, 1961) record clastic 
marine deposition. The Laramide orogeny lead to the formation 
of thrust faults and large amplitude folds in the western part 
of the range (Van Allen et al., 1983) . Thrust faults are 
common in Precambrian rocks as well as in Paleozoic strata. 
Chapin (1986) described four structural domains in the Fra 
Cristobal Range related to the Laramide Orogeny. The 
Cretaceous-Tertiary McRae Formation is made up of detritus 
shed by the uplifted terrane, and includes andésite clasts 
indicating nearby volcanism.

Eruptions of regional calderas to the west in the Datil- 
Mogollon volcanic field resulted in the deposition of ash flow 
tuffs during the Tertiary Period. These are only represented
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by small remnants along the northern and eastern margins of 
the Fra Cristobal Range (Van Allen et al., 1983). A change 
from compressional to extensional tectonics resulted in the 
formation of the Rio Grande Rift beginning in the Oligocene 
Epoch. Extension led to the reactivation of older faults and 
the formation of high angle normal faults in the range and 
surrounding areas. Geothermal activity and basaltic volcanism 
accompanied the faulting, as did hydrothermal activity, 
silicification, and mineralization. Vertical displacement on 
the western side of the range is 5000 or more feet (Van Allen 
et al., 1983). Vertical displacement along the eastern side of 
the range is comparatively minor. The Jornada basalt field is 
seen as evidence that rifting continued at least until 0.8 Ma. 
Faulting presently continues, as noted by a 1982 report which 
cited a 4600 foot long northwest trending fissure which cut 
across US Interstate 2 5 between the Fra Cristobal Range and 
the Chupadera Mountains (Anonymous, 1982; Van Allen et al.,
1983) .
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III Jornada Vista Prospect

111.1 Physiography
The Jornada Vista prospect covers an area of 

approximately 3.6 square miles in the northeastern section of 
the Fra Cristobal Range (Fig.2; Plate 1) . The western boundary 
of the study area was arbitrarily placed to the west of the 
thrust contact between the Precambrian crystalline rocks and 
the Pennsylvanian Magdalena Group. The eastern boundary is in 
the pediment gravels which ultimately slope down into the 
Jornada del Muerto valley. To the north is the San Marcial 
basin. The range continues beyond the study area boundary to 
the south. The highest peak in the study area is Fra Cristobal 
Mountain, which has a 6003 foot elevation at the summit. The 
elevation at the eastern boundary of the study area is 
approximately 4850 feet above sea level. The terrane of the 
study area is rugged and sparsely vegetated.

111.2 Local Lithology and Stratigraphy
Precambrian crystalline rocks, interbedded carbonate and 

shale of the Pennsylvanian Magdalena Group, and Abo Formation 
red beds are the only strata found in the study area. These
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were previously described in detail (section 2.2). Jasperoids 
and fractured and altered limestone are common in the Jornada 
Vista area. Collapse breccia is also found, but is less 
common.

Jasperoids are found in irregular veins and outcrops 
throughout the Jornada Vista prospect (Plate 1) . They exist in 
both discordant and concordant relationships to bedding. The 
discordant bodies are narrow, usually 1-3 feet in width, 
vertically to sub-vertically dipping, and are thought to be 
hydrothermal feeder veins. The concordant bodies, or mantos, 
are found in places where bedding-plane weakness in the pre
existing limestone allowed it to be preferentially dissolved 
relative to surrounding areas, so that silica could be 
precipitated (Fig.5). The mantos are irregularly shaped, 
subhorizontally dipping, and much more laterally extensive 
than are the veins. The mantos locally show well developed 
fine horizontal lamination. In addition, there are areas in 
which pre-mineralization karstification allowed the 
precipitation of silica as open space filling (Fig.6). These 
bodies are highly irregular in size and shape, and, in some 
cases show well developed horizontal laminations (Fig.7), 
indicative of precipitation in low turbulence environments. 
Veins often lead to manto or karst fill outcrops (Plate 1).

Small outcrops of matrix-supported breccia were found in
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nearly circular pods of 1 to 2 feet in diameter in several 
places in the Jornada Vista prospect. The breccia has a matrix 
of white to very light gray silica surrounding numerous clasts 
of gray limestone. Several of these bodies line up, perhaps 
defining a minor fault zone in the central part of the 
prospect (Plate 1, notation "Z").

The jasperoids vary in color from white or light gray to 
yellow to red, with areas of blue-black staining suggesting 
the inclusion of manganese. Many jasperoids are zoned, with a 
central area of euhedral to subhedral quartz surrounded by an 
area of very fine-grained gray jasperoid associated with pods 
of very coarse-grained barite. The outermost zone usually 
consists of very fine-grained red jasperoid. This represents 
at least three generations of hydrothermal activity. 
Inclusions of red jasperoid fragments in the gray jasperoid 
suggests hydrothermal or tectonic brecciation of the earlier 
emplaced iron rich jasperoid prior to precipitation of the 
later iron poor, gray jasperoid. Observed breccias are matrix 
supported (Fig.8). Hydrothermal brecciation is accomplished 
when hydrothermal pressure builds to a great enough extent to 
shatter the previously emplaced rock. Pressures of this 
magnitude can result from the boiling of trapped fluid. In 
other cases tectonic fracturing prepared space for the 
subsequent generation of silica precipitate.
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Sheeted vein zones are found in several places in the 
study area (Plate 1). These are closely spaced parallel veins 
of silica in the limestone host which may be up to tens of 
feet long, with width on the order of an inch or less, which 
gives a sheeted appearance. There are also many silica 
veinlets in the Magdalena Group. These are generally less than 
1 inch in width and appear to be randomly oriented, often 
curving and anastomosing. Length of these veinlets is 
generally less than 10 feet. The silica veins are often seen 
cutting across older calcite veins.

Carbonate rocks of the Magdalena Group which are proximal 
to jasperoid show various degrees of alteration and fracturing 
(Fig.9). The most striking change in these areas relative to 
unaffected limestone is in the weathering colors. Unaffected 
limestone in the study area weathers to a light gray to buff 
color, but altered limestone weathering rinds vary in color 
from tan to brown to black. Fresh faces of the altered 
limestone are variable in color and texture, and some are 
fetid. Colors range from light gray to nearly black, with 
medium gray predominating. Some limestone proximal to 
jasperoid is highly altered, while other, similarly situated 
limestone is unaltered. The level of alteration is highly 
variable, as is grain size and degree of recrystallization, 
with some samples being medium- to coarse-grained while others
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are fine- to very fine-grained. Intense fracturing is common, 
and some hand samples have a mottled texture because of this. 
Iron staining is very common, and is seen as small scale red 
streaks and veins in hand samples. Calcite veining is also 
apparent at this scale. Thin sections show pressure solution 
styolites, and various degrees of limonite and hematite 
fillings in microfractures (Appendix B) . A minor copper 
mineral vein is located in the northern section of the study 
area. The vein is narrow and extends for approximately 20 
feet.
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IV Structural Geology

IV.1 Introduction
The Fra Cristobal Range is an eastward tilted horst block 

bounded to the west by the West Vein fault system (Van Allen 
et al., 1983) , and to the east by the Fra Cristobal fault zone 
(Thompson, 1961). The area has undergone a multiphase history 
of tectonism and deformation. Three major deformation phases 
have been recognized, and minor phases are also noted (Nelson, 
personal comm.). In Precambrian times metamorphism of earlier 
deposited sedimentary rocks was associated with an island arc 
volcanic center (Van Allen et al., 1983) . Ductile deformation, 
possibly associated with the intrusion of the Fra Cristobal 
pluton 1.4 to 1.5 Ga. (Nelson, 1986), resulted in the 
imparting of a weak to strong schistosity in some of the older 
rocks and weak gneissic banding in others. Sections of the 
pluton are weakly gneissic, perhaps reflecting a later event. 
Precambrian rocks were uplifted and eroded prior to the 
deposition of the upper Cambrian Bliss Sandstone (Nelson, 
1986).

In the Paleozoic Era broad epeirogenic movement lead to 
periods of erosion and the several unconformities previously 
mentioned (Nelson, 1986). It is disputed as to whether an
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Ancestral Rockies orogenic event affected the area prior to 
the deposition of the Pennsylvanian Magdalena Group. In the 
Upper Cretaceous Period to Eocene Epoch, the Laramide orogeny 
created a compressional tectonic regime in the area and 
resulted in the folding and faulting of the strata. Folding is 
complex in the range, and includes megascopic, mesoscopic, and 
microscopic structures. Asymmetric and overturned folds are 
common, and monoclines are also found. These folds are usually 
east vergent. Faulting associated with the Laramide orogeny 
consists of thick-skinned thrust faults in which Precambrian 
basement rock is thrust over Paleozoic rocks (Chapin and 
Nelson, 1986), and thin-skinned thrust faults in which 
Paleozoic strata is thrust over other Paleozoic strata (Nelson 
and Hunter, 1986).

Tertiary and Quaternary extensional tectonics associated 
with the formation of the Rio Grande Rift resulted in the 
possible reactivation of older faults and the formation of 
high angle normal faults, as well as the formation of the Fra 
Cristobal horst block itself. Several en echelon fault sets 
are apparent in the Jornada Vista prospect. In some cases 
separation is vertical, and in others separation is right 
lateral (Plate 1) . In no case was left lateral slip noted. 
Faults showing normal vertical to right lateral strike 
separation offset the older Laramide structures and result in
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a block-faulted structure, relatively downthrown to the north 
and east.

With the exception of Precambrian structures, which were 
not included in this study, megascopic structures in the 
Jornada Vista prospect were mapped at a scale of 1:4800 in 
order to determine the degree of structural control in the 
emplacement of the jasperoids (Plate 1).

IV.2 Faults
There are four sets of faults in the Jornada Vista 

prospect (Fig.10). The first and most easily recognizable of 
these is a thrust fault (Fig.10, set I) which brings 
Precambrian crystalline rocks over and into contact with rocks 
of the Pennsylvanian Magdalena Group. The thrust continues 
beyond the Jornada Vista prospect to the north and south. The 
thrust is cut and displaced by a set of en echelon transverse 
faults in which some have normal separation, being downthrown 
to the north, while others show right lateral strike 
separation. The thrust fault has been so displaced in the 
southern part of the Jornada Vista prospect that its location 
is well to the west of the mapped area. The dip of the thrust 
fault is highly variable, and is apparently quite high in 
places, perhaps reflecting Cenozoic faulting or reactivation.
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Figure 10: Tectonic map of the Jornada Vista prospect showing 
structural domains (letters), and fault sets (Roman numerals). 
NW-Northwestern, CW-Central-Western, SW-Southwestern, E- 
Eastern, 1-thrust fault(s) ; normal fault sets: 11-trending
N60W-N75W, Ill-trending N25W-N45W, IV-trending nearly N-S. 
Area shown is approximately that of Plate 1.
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The set of transverse faults previously mentioned trend from 
approximately N60W to N7 5W (Fig. 10, set II) . The faults are 
high angle, normal faults in which the dominant sense of 
separation is either vertical or right lateral. Strike 
separation is approximately 100 to 200 feet (Plate 1) .
Vertical displacement is more difficult to estimate, since 
Magdalena Group limestone is present on each side of the
faults, but is probably on the order of 100 to 200 feet,
judging by marker beds.

A set of en echelon transverse faults (Fig.10, set III) 
is located in the eastern part of the mapped area, and trends 
from approximately N2 5W to N4 5W, but individual fault traces 
of this group are curved. Faults of this set are high angle 
normal faults with small displacements, being in the tens of 
feet, as judged by marker beds. These faults show a 
relationship to the location of jasperoids in the central and 
eastern sections of the Jornada Vista prospect. The 
extensional nature of these faults is demonstrated by the 
stepping down of the terrane to the northeast. One of these 
faults is apparently transitional to a final group of en
echelon normal faults, those of the Fra Cristobal fault zone 
(Fig.10, set IV) , which trend approximately north to south and 
step down to the east into the Jornada del Muerto valley 
(Plate 1) . The fault mentioned is the only member of this
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fourth group mapped in the Jornada Vista prospect, with the 
possible exception of two very minor faults near the 
northeastern contact between the Magdalena Group and 
Quaternary alluvium (Fig.10). Other faults of this group may 
underlie the mapped area but be covered by Quaternary alluvium 
in the eastern part of the study area.

IV.3 Folds
Observed folds in the Jornada Vista prospect were 

exclusively megascopic. The axial planes trend from 
approximately N15E to N30E, nearly paralleling the thrust 
fault (Fig.10; Plate 1), and dip to the west. Folds nearest 
the thrust fault are overturned and east vergent (Fig.10, FI, 
F2, F3) . As mentioned in the previous section, the folds of 
the Jornada Vista prospect are offset or truncated by 
transverse faults. There are three structural domains created 
in this way in the western section of the study area (Fig.10) . 
Successive domains step (Fig. 10, SW, CW, NW) down to the 
north, making determination of the original fold plunges 
difficult, as fault blocks may have rotated. The average trend 
and plunge of the folds of the western domains as calculated 
by stereographic analysis is 25° N05°W (Fig.11). Each domain 
is dominated by the westernmost fold, which is the closest to
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A)ALL DOMAINS B) EASTERN DOMAIN
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N = 62
C) WESTERN DOMAINS
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Figure 11: Stereonet plots of poles to bedding showing A) All 
domains, B) The eastern structural domain, and C) The western 
structural domains with a Pi diagram showing the averaged 
trend and plunge of the fold axis (triangle).
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the thrust fault. In all cases this is a large east vergent 
overturned syncline (Fig.10, FI, F2, F3). The half wavelength 
of these synclines is on the order of 1000 feet, and the 
amplitude is on the order of several hundred feet. Both limbs 
dip to the west, with the western, overturned limb being the 
steeper. Dips of the western limb are most variable 
in the northern domain, in which the overturned syncline is 
the only discernable structure (Fig. 12). The dip of the 
overturned limb was measured at a minimum of 2 5°W and a 
maximum of 81°W.

In addition to the overturned syncline, the central 
western structural domain exposes an open, upright anticline 
and a monocline (Fig.10, F6; Fig.13). The anticline is really 
no more than a minor open flexure. The monocline is an open 
fold transitional to the unfolded eastern domain (Fig.14), and 
may overlie the blind tip of a normal fault.

The southwestern structural domain has three major folds. 
These are, from west to east, an overturned syncline, an 
upright anticline, and an upright syncline. The wavelength of 
the syncline and anticline couple is approximately 650 feet, 
and the amplitude is estimated to be in the hundreds of feet. 
The overturned syncline is similar to those earlier described. 
The anticline, however, is far more extensive than the one 
described above. It is inclined, with the western limb dipping
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existent. This is especially true of some of the mantos and 
areas of erosional remnants in the northern section of the 
area, as well as some of the short running minor veins. In the 
former case emplacement may be related to precipitation along 
bedding planes or other planes of weakness where carbonate was 
easily dissolved. In the latter case, small unmapped joints, 
especially joints related to faults, may have provided local 
structural control.
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V Exploration Geochemistry

V.1 Methods
Geochemical sampling was undertaken to test the 

applicability of the model of sedimentary rock hosted 
disseminated gold in the Jornada Vista prospect. Sampling and 
analyses were employed to determine the distinct geochemical 
signature of suspected host rocks, and the extent and level of 
concentration of elements in the silicified carbonate. Sixty- 
nine samples were collected and sent to Geochemical Services 
Incorporated (GSI) for 15 element analysis. The focus of the 
sampling was upon limestone proximal to jasperoid. Six 
sampling lines were set up and 55 samples were collected along 
them (Plate 1) . Six other samples were collected in a "grab 
sample" manner for reconnaissance purposes. Of the samples 
sent for analysis, 48 were of limestone, 10 jasperoid, 1
dolomite sample, 1 silica nodule from the Magdalena Group, and 
1 sample of breccia with limestone clasts in a silica matrix 
(Plate 1, Notation "Z") . In addition, 8 quality control 
samples were included with the samples sent for analysis. 
These included 4 field sample site duplicates, 1 sample of 
known gold ore, and 3 "blanks", samples which were known to 
contain no gold. To further insure the quality of the data, 8
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pulp samples from the first batch of analyses were resubmitted 
to GSI for a second analysis. To test the efficiency of gold 
extraction by the methods employed at GSI , 11 pulps from the 
GSI analyses were submitted for fire assay analysis to Cone 
Geochemical Incorporated, Lakewood, Colorado. Fire assay 
analysis is assumed to extract and report the total gold 
content of a sample, and therefore provides a method of 
checking whether any gold in the ICP/AA analyses went 
unreported.

Sample preparation at GSI consisted of primary crushing 
to 1/4 inch followed by secondary core crushing to -10 mesh. 
This was followed by riffle splitting and pulverizing with a 
ring and puck pulverizer to -150 mesh. Clean outs with silica 
sand were done after each pulverization. A 5 gram sample was 
then digested in a 3:1 HC1 HN03 aqua regia solution heated to 
80°C and cooled. The sample was then selectively extracted 
into an organic solution that extracts the targeted elements. 
Partial digestion of gallium and thallium is employed, and 
only the fraction of those elements not tied up in silicate 
minerals is detectable. The organic solution is analyzed by 
Inductively Coupled Plasma Emission Spectroscopy for the trace 
elements of interest, and by Graphite Furnace Atomic 
Absorption for ultra trace level gold. The detection limit for 
all elements analyzed is shown in Appendix A.
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V .2 Data
Raw data from the ICP/AA analyses and resubmitted pulps 

are compiled in Appendix A. The arithmetic mean and range of 
the ICP/AA data were compiled and arranged by rock type (Table 
1) . In computing the arithmetic mean of the data, isolated 
high element concentrations, which would have unreasonably 
skewed the data, were ignored. Figure 15 is a legend for 
figures 16 to 27, which show the geochemical responses of the 
individual sample lines. In each case the first figure 
(Figs.16,18,20,22,24,26) is an enlargement of the sample 
traverse area, showing individual sample locations and the 
relationships to geological and mineralization features (refer 
to Plate 1 for traverse locations). The second figure 
(Figs.17,19,21,23,25,27) is a profile of the elemental 
concentrations along the traverse. Jasperoid samples are 
indicated in the profiles by the letter "J". All other samples 
included in the profiles are limestone. All element 
concentrations were reported in parts per million.
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Figure 15: Legend for Figures 16-27.
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Figure 16: Area 1, showing individual sample locations. See
Plate 1 for area location.
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Figure 17: Geochemical profiles of analyzed elements along 
sample line JVGC1. Numbers at the bottom of the upper left 
diagram are sample numbers of the line end members. All 
samples are limestone.
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Figure 18: Area 2, showing individual sample locations. See
Plate 1 for area location.



T-4019 56

4

0 8

0.6

0 .4

0.2

0
' 0  ! 5 2 0

O istance(F "eet) Along S am p le  Line JVGC- 2
3 0

I *  Ag 3  Au •* Sb A 1 ■ Tl

9

8

£ 5

^  4

3

2
3 0

D is ta n c e (F e e t)  Along S am p le  Line JVGC- 2

As

I .5
1 .4

1.2

0 .3

0.6

0 .4

0.2

0
2 5201 5 3 00 5 10

D is ta n c e (F e e t)  Along S am o le  Line JVGC- 2

20
IS
16

10
3

4

2
0 20 2 5 301 51 00 5

D is ta n c e (F e e t)  Along S am p le  Line JV G C -2

2001.3

000 -1.1
2  8 0 0

i  '
c  0 .9

J
6 0 0

I  0 .3E
4 0 0  -à 0-7

0.6 200
0 .5

0 .4
3 03 010 15 2 0

O is to n c e (F e e t)  Along S am p le  Line JV G C -2 Dis fa n e  e (F e e t)  Along S am p le  Line JV G C -2

Figure 19: Geochemical profiles of analyzed elements along 
sample line JVGC2. Numbers at the bottom of the upper left 
diagram are sample numbers of the line end members. "J" 
indicates jasperoid, all other samples are limestone.
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Figure 20: Area 3, showing individual sample locations. See
Plate 1 for area location.
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Figure 21: Geochemical profiles of analyzed elements along 
sample line JVGC3. Numbers at the bottom of the upper left 
diagram are sample numbers of the line end members. "J" 
indicates jasperoid, all other samples are limestone.
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Figure 23: Geochemical profiles of analyzed elements along 
sample line JVGC4. Numbers at the bottom of the upper left 
diagram are sample numbers of the line end members. "J" 
indicates jasperoid, all other samples are limestone.
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Figure 24: Area 5, showing individual sample locations. See
Plate 1 for area location.
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Figure 25: Geochemical profiles of analyzed elements along 
sample line JVGC5. Numbers at the bottom of the upper left 
diagram are sample numbers of the line end members. "J" 
indicates jasperoid, all other samples are limestone.
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Figure 26: Area 6, showing individual sample locations. See
Plate 1 for area location.
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Figure 27: Geochemical profiles of analyzed elements along 
sample line JVGC6. Numbers at the bottom of the upper left 
diagram are sample numbers of the line end members. "J" 
indicates jasperoid, all other samples are limestone.
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V.3 Quality Control and Precision
Quality control was accomplished by analyzing field 

sample duplicates to assess combined field and analytical 
variability, re-analysis of pulps to assess analytical 
precision, analysis of "blanks" to assess contamination, and 
analysis of a gold ore sample from Kerr Addison Mine, Ontario, 
Canada, to assess the capability of the analytical techniques 
to detect gold in a known mineralized sample. In addition, 11 
samples originally analyzed for acid extractable gold by ICP 
methods were re-analyzed by fire assay procedures to assess 
the effectiveness of the former procedure. Precision was 
calculated for all of the analyzed elements of the field 
duplicate and pulp samples vs. the original samples (Tables 2, 
3), and for gold in the case of the fire assayed samples 
relative to the original ICP/AA analyzed samples (Table 4), 
using the equation:

^-(A1+A2)/2
(A1+A2) /2

This gives a percentage of deviation, where A1 is the original 
GSI ICP/AA response, and A2 is the value of the split sample 
response or the fire assay sample response (Closs, personal 
comm.).
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Table 4: Results of Fire Assay Gold Analyses vs. ICP/AA 
Gold Analyses, Including Variability.

Sample ID# Rock Type ICP/AA Au Result 
(ppm)

Fire Assay Result 
(ppm)

VariabiIi ty*

JVGC-1-1
JVGC-1-6
JVGC-1-8
JVGC-2-2
JVGC-2-5
JVGC-3-1
JVGC-3-4
JVGC-4-5
JVGC-5-5
JVGC-6-1
JVGC-6-6

Limestone
Limestone
Limestone
Limestone
Jasperoid
Jasperoid
Limestone
Jasperoid
Limestone
Jasperoid
Jasperoid

<0.050
<0.050
<0.050
<0.050
0.076
0.062

<0.050
<0.050
<0.050
0.404
0.352

0.010
<0.001
<0.001
<0.001
0.069
0.085

<0.001
<0 .0 0 1
<0 .0 0 1
0.446
0.329

N/A
N/A
N/A
N/A
4.8 
15.6
N/A
N/A
N/A
4.9 
3.4

Arithmetic Mean 0.113 0.086 7.175

Range Upper
Lower

0.404
<0.050

0.446
< 0 .0 0 1

15.6
3.4

^Variability is calculated as a percentage of deviation using the equation A1-(A1+A2)/2

(A1+A2)/2
X 100

where A1 is the response from the ICP/AA sample 
and A2 is the response from the Fire Assayed sample.

N/A refers to the fact that precision could not be calculated 
since one or both values are below detection limits.
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A precision of +15% is considered good, 15% to 25% is 
considered acceptable, and greater than 25% is unacceptable. 
The precisions of the pulp split samples are generally better 
than those of the mechanically split samples. Variations in 
the precisions of arsenic data are generally more drastic in 
both sets of samples relative to other elements, but this may 
be more due to the low concentrations of this element than to 
analytical error. Since the lower detection limit for arsenic 
is 1.000 ppm, and most arsenic values fall between 1 and 10 
ppm, considerable variation in precision is expected. The 
precision of fire assayed sample data relative to GSI ICP/AA 
data is generally excellent where gold responses are above the 
ICP/AA detection limits of 0.050 ppm. The largest discrepancy 
was 15.6% for sample number JVGC3-1, which is still well 
within acceptable limits, especially since concentrations are 
so low.

Since gold responses were generally so low, most being 
below the detection limit, the "blanks'* included as quality 
control samples only proved that there was no contamination. 
Gold responses were not elevated by error. The "blanks" were 
intended for quality control of gold alone, and were not 
reliable beyond the fact that they contained no detectable 
gold. They contained various amounts of other elements, and 
there was no control intended. Responses from the known gold
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ore sample were consistently above the detection limit for 
gold, as well as showing a greatly different geochemical 
signature. Gold precision for this sample was poor, however.

In general precision was good enough to provide 
confidence that the data are an accurate representation of the 
extent and level of concentration of the analyzed elements.

V .4 Background vs Threshold
Frequency histograms were prepared in order to set a 

local threshold using the graphical method (Closs, personal 
comm.) for gold, arsenic, antimony, and mercury (Figs.28, 29). 
It was also taken into account that the average concentrations 
of gold, arsenic, antimony, and mercury in unmineralized 
limestone are 0.005, 1.1, 0.3, and 0.04 ppm, respectively
(Rose et al. , 1979) . A threshold is an elemental concentration 
value above which a sample is considered to be anomalous. 
Using these criteria, the local gold threshold was set at 0.05 
ppm, so that four samples, JVGC2-5, 3-1, 6-1 and 6-6 are
considered anomalous with regards to gold. All of these 
samples are jasperoid. The highest gold responses were from 
samples taken along sample line JVGC6, in the eastern part of 
the Jornada Vista prospect. Two samples collected from along 
this line had anomalous gold concentrations. Sample JVGC6-1
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had 0.4 04 ppm gold, and sample JVGC6-6 had 0.3 52 ppm gold. The 
local arsenic and antimony thresholds were set at 10 ppm and 
1 ppm respectively, and only the jasperoid sample JV3R1 was 
anomalous in arsenic concentration, at 85.3 ppm. This same 
sample also had the highest antimony concentration of all 
samples, 4.93 ppm, but lacked detectable gold. Sample JV3R1 
was taken relatively near sample line JVGC6 (Plate 1) , and 
this may be of interest to a later study. Four samples, all 
jasperoids, were anomalous in antimony content. These were 
JVGC4-9, 5-1, 6-1, and JV3R1. The local threshold for mercury 
was set in agreement with Ashton (1989) at 1 ppm. This 
threshold value was reached by six limestone samples, which 
were all collected along sample line JVGC1. These samples were 
JVGC1-1, 1-2, 1-3, 1-6, 1-8, and 1-12. It is interesting to
note that all six of these samples were collected from the 
same area, which is proximal to the thrust fault in the 
western section of the prospect.

Ashton (19 89) performed an exhaustive geochemical study 
of pathfinder elements related to gold in disseminated gold 
deposits in Nevada. Her recommendations for threshold values 
are 100 parts per million (ppm) arsenic, 50 ppm antimony, and 
1 ppm mercury. She also stated that arsenic is the most 
reliable pathfinder element for disseminated gold deposits, 
and that the common cutoff grade for mineable gold is 0.68 5ppm
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(0.02 ounces per ton) . The only threshold values reached in 
this study which were comparable to her suggestions were for 
mercury. The six samples mentioned above were anomalous with 
regards to mercury. There were no arsenic responses of 100 ppm 
or more, nor antimony values of 50 ppm or more.

Although no thresholds were set for base metal 
mineralization, it is interesting to note that lead and zinc 
are significantly enriched in some samples. The highest value 
for lead was 1188 ppm, which is more than 0.1% of the sample. 
This response came from a limestone sample, JVGC2-2. zinc was 
also enriched in this sample, with a response of 166 ppm. The 
highest zinc value, 336 ppm, was obtained from a jasperoid 
sample, JVGC4-9. There were also other high responses of lead 
and zinc in the study area, with the majority being found in 
limestone samples. There were no elevated (>100 ppm ) copper 
responses from the samples taken, but there is a copper 
mineral vein in the northern part of the prospect which was 
not sampled (Plate 1).

Small amounts of base metals are usually found in 
association with sedimentary rock hosted disseminated gold 
deposits (Percival et al., 1988). The base metal 
concentrations reported in this study are not unusual for such 
a deposit.
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V.5 Interpretation of Geochemistry
Besides holding the only detectable concentrations of 

gold, the jasperoids show the highest responses of arsenic, 
antimony, bismuth, molybdenum, selenium, and silver. The 
highest response of zinc is also from a jasperoid sample, but 
zinc otherwise shows very little preference for rock type, 
with the arithmetic mean being only slightly higher in 
jasperoid (Table 1). In addition, the highest copper response 
was from a jasperoid in a Precambrian crystalline host (61.50 
ppm in JV2 3R1), but, in general copper concentrations are very 
low in both rock types. The highest responses for lead were 
from limestone samples, but the arithmetic mean of lead in 
jasperoid samples was slightly higher than the mean for lead 
in limestone samples (Table 1). Mercury responses are 
consistently highest in limestone samples. Cadmium 
concentrations were higher in limestone, and gallium appears 
to show no preference for rock type. Tellurium and thallium 
data are inconclusive, with all responses being below 
detection limits.

The consistently higher concentrations of some elements 
in one or the other rock type (Table 1) , most notably gold, 
arsenic, antimony, and molybdenum in jasperoid may be due to 
different levels of elemental mobility under the prevailing 
conditions at the time of precipitation. The solubilities of
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many elements decrease with falling temperature. Cooling is an 
effective way to precipitate silica, and trace elements may 
have precipitated at various temperatures by simple cooling. 
Trace element differences between the rock types may also be 
indicative of multiple pulses of hydrothermal activity with 
different chemical characteristics, such as pH or Eh 
conditions. In a single pulse , mercury and lead may have been 
more mobile under the chemical conditions, leaving the 
jasperoid and entering the carbonate. Alternatively, mercury 
and lead could have been involved in a separate hydrothermal 
pulse which penetrated more deeply into the structurally 
prepared carbonate before precipitation.

The jasperoids show a high degree of structural control, 
most notably by faults (Plate 1) . The faults provided conduits 
for hydrothermal fluid flow. The trace elements may have been 
precipitated from solutions in which parameters such as pH and 
Eh were changing upon contacting the host rock or other 
fluids. This would affect the elemental mobilities and 
solubilities of the trace elements in solution, causing some 
elements to precipitate while others traveled further. This 
may be responsible for the preferential partition of elements 
into either the jasperoids or carbonates.

Trace element data exhibit lower concentrations of gold, 
arsenic, antimony and thallium than would be expected in a
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sedimentary rock hosted disseminated gold deposit. Mercury is 
the only element present in sufficient concentrations to 
indicate the possible presence of a deposit. The presence of 
elevated mercury concentrations, while encouraging, is not an 
unequivocal indicator of the presence of a disseminated gold 
deposit. Although mercury is often found in association with 
disseminated gold deposits, anomalous mercury concentrations 
alone do not indicate that a solution was reducing enough to 
transport gold in bisulfide complexes (Bateman, 1988). Data 
from other trace elements are inconclusive with regards to the 
model.
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VI Discussion and Conclusions

VI.1 Summary
This study was undertaken to determine if the model of 

disseminated gold mineralization in sedimentary host rocks was 
applicable to the Jornada Vista prospect , Fra Cristobal Range, 
New Mexico, and to determine the degree of structural control 
over the emplacement of the jasperoids. The area was mapped at 
a scale of 1:4800 (Plate 1) , with emphasis upon the jasperoids 
and the structural geology of the prospect. Sixty-nine samples 
were collected and sent for geochemical analysis for 15 
elements using Inductively Coupled Plasma Emission 
Spectroscopy and Atomic Absorption methodologies. Cone 
Geochemical Inc. performed Fire Assays of 11 samples for gold 
content, which corroborated the GSI data to a high degree.

VI.2 Structural Control
The relationship between structure and jasperoid 

emplacement was clearly established during this study. There 
is a high degree of structural control over the positions of 
the jasperoids. Many of the jasperoids are clearly fault 
related (Plate 1). The largest jasperoid bodies are proximal 
to the thrust fault in the western part of the Jornada Vista
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prospect, and are also apparently related to the overturned 
synclines. The jasperoids in the western domains tend to line 
up nearly parallel to the thrust fault and fold hinges. 
Fractures may have provided conduits for hydrothermal fluids. 
The large bodies described above are also located near major 
cross faults of the group which trend N65W to N75W, and some 
relationship to these faults is also postulated. Fluid flow 
would obviously be facilitated in areas where multiple fault 
sets meet. Many of the jasperoids in the eastern structural 
domain are related to another set of transverse faults, which 
trend N25W to N45W.

The highest gold responses in the study area were from 
jasperoid samples taken along sample line JVGC6. These 
jasperoids are related to a normal fault which is interpreted 
as being an en echelon part of the Fra Cristobal Fault system. 
This fault zone runs parallel to the range front and steps 
down into the Jornada del Muerto valley.

VI.3 The Model
The results of geochemical analysis show that the 

jasperoids are mineralized to a greater extent with regard to 
gold than are the surrounding carbonate strata, even though 
much of the carbonate shows intense fracturing and alteration.
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Concentrations of gold in the Jornada Vista prospect 
carbonates are far below the ore grade associated with 
sedimentary rock hosted disseminated gold deposits. 
Concentrations of related elements, while being substantially 
greater than the average for unmineralized limestones, are 
lower than those expected in a disseminated gold deposit. The 
only exception is mercury , which is clearly anomalous. There 
are several possible reasons why the values obtained were 
inconsistent with the sedimentary rock hosted disseminated 
gold model. These include the possibilities that the present 
topographic surface is too high or too low with regards to the 
hydrothermal system, and possibility that the oxidation/ 
reduction conditions of the system were inappropriate for the 
transport of gold into the carbonate. Other possibilities are 
that there was no source for gold, and that sample density was 
inadequate to discover a disseminated gold deposit.

Since this study was surficial in nature, and no 
subsurface samples were taken, the possibility of disseminated 
gold concentrations at depth can not be discounted. If that is 
the case, then the present topographic surface is too high 
relative to mineralization to properly evaluate the model. The 
presence of anomalous mercury values along sample line JVGC1 
is encouraging, and may lend credence to this line of 
speculation. Although the presence of mercury does not imply



T-4019 81

that hydrothermal fluids were sufficiently reduced to 
transport gold in bisulfide complexes, anomalous mercury 
concentrations are often found associated with, and spatially 
above, disseminated gold deposits (Bateman, 1988) . However, 
Bateman (1988) also found that elevated mercury concentrations 
that were associated with disseminated gold deposits in his 
study could be correlated with elevated selenium values. 
Selenium concentrations from carbonate samples analyzed in 
this study were consistently below the detection limit.

If the present topographic surface was below the former 
mineralized zone, on the other hand, then the strata that once 
contained disseminated gold has since eroded away. In that 
case the disseminated gold concentrations would be further 
diluted and any gold would most likely be in the Quaternary 
alluvium.

Oxidation/reduction conditions and pH govern the mobility 
of elements in hydrothermal solution. Since detectable gold 
concentrations are found in some of the jasperoids, gold must 
have been mobilized in at least one pulse of the hydrothermal 
system and carried in solution ultimately precipitating with 
jasperoid. Gold is most mobile under reducing conditions, and 
is especially associated with bisulfide complexes (Romberger, 
1986). If there were changes in oxidation or pH that lead to 
the precipitation of gold out of solution before the fluids
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passed out of the jasperoids and into the carbonate, gold 
mineralization would be confined to the jasperoids. One way 
that this could occur is if the balance of solutions 
previously stratified with regards to oxidation states was 
upset, sending small lenses of reducing fluid upward into the 
oxidizing zone (Romberger, 1986). This would also account for 
the geochemical variability of the jasperoids, since the 
lenses of reducing fluid may have been of only local 
importance. Another possibility is that pH and Eh conditions 
in the hydrothermal fluids were such that gold was only 
slightly soluble. In such a case some gold might be mobilized 
and carried in solution, but the concentration would be low. 
Hence, when precipitation due to chemical changes in the 
solution did occur the concentration of precipitated gold, 
while elevated, would not constitute an economic deposit.

The lack of a suitable source rock is a possible 
explanation for the low gold concentrations in the Jornada 
Vista prospect. Consideration was given to two potential 
sources for gold in the Fra Cristobal Range. These were the 
Precambrian crystalline rocks, and basaltic rocks known to 
exist in the area that may underlie the range at depth 
(Nelson, personal comm.). There is also the possibility that 
mineralized Bliss Sandstone underlies the prospect at depth 
and could be a potential source for gold (Nelson, personal
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comm.). It is possible that hydrothermal fluids never leached 
any of these, or that hydrothermal fluid movement through the 
potential source rock was restricted. If the hydrothermal 
fluid had insufficient contact with gold bearing strata there 
would be little gold in the system. For example, if the 
Precambrian rock contains 2 parts per billion of gold, 
prolonged leaching of the rock by hydrothermal fluid could 
remove enough gold to eventually create a deposit, providing 
solubility conditions were correct. This will only work, 
however, if contact between the fluid and gold bearing rock is 
extensive in time and space. If contact is restricted in 
either medium there will be little gold in the system. 
Possible restricting agents may be great localization of 
fluids along fractures or faults, restricting spatial contact 
with the source rock, low permeability in the source rock, 
fluid flow remaining shallow and not penetrating deeply into 
the source rock, or a combination of these factors.

Gold may have been deposited in the jasperoids by simple 
cooling of the solution. This would precipitate silica, and 
gold mobility could have been curtailed before entering into 
the carbonates was possible. This would explain the 
restriction of detectable gold to the jasperoids.

A final possibility may be that there are disseminated 
gold values in carbonates present somewhere in the Jornada
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Vista prospect that were missed by this study. Ashton (1989) 
recommended that sampling density be high when searching for 
disseminated gold deposits because geochemical signatures can 
vary greatly even on a local scale. This may have negatively 
impacted the results obtained.

VI.4 Recommendations For Further Work
A more detailed sampling program along with drilling in 

Areas 1 and 6 (Plate 1) is strongly recommended. Since 6 
samples in Area 1 showed anomalous mercury concentrations, it 
is possible that a disseminated gold deposit may be found at 
depth. Such may also be the case in Area 6, since 2 samples 
taken there had anomalous gold concentrations, while another 
sample collected nearby had the highest concentrations of both 
arsenic and antimony in the study area. Further reconnaisance 
sampling of jasperoids and associated carbonates which were 
not sampled during this study is also recommended in order to 
identify other areas of possible mineralization.

Analyses of samples for elements which were not included 
in this study would help to clarify some of the questions 
raised by this study. Analyses for iron concentrations and the 
chemical conditions of iron depositing fluids are strongly 
recommended. This and any other chemical studies which would



T-4019 85

clarify the pH and Eh conditions of the mineralizing solutions 
would be of great importance. Fluid inclusion studies, if 
possible, would also be helpful.

Since the structural geology of the study area is 
complex, a detailed structural analysis is recommended. This 
should include a kinematic analysis and a detailed study of 
the faults and fault sets of the prospect.
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APPENDIX B THIN SECTION DESCRIPTIONS
JASPEROID SAMPLES
JVGC2-5 90% very fine-grained* silica. 10% medium-grained

silica as vein and open space filling. Iron 
staining is apparent, accessory hematite and 
limonite.

JVGC3-1 99+% silica, accessory limonite and hematite as
crust on coarse-grained silica which fills open 
space in a fine-grained silica matrix.

JVGC5-1 90%—95% silica, 5%-10% calcite. Medium-grained
silica as vein fill in fine grained matrix.

JVGC6-1 95%—98% silica, 2%-5% hematite and limonite, some
in a vein. Medium-grained silica in open spaces and 
veins. Some silica acicular. Limonite seen in 
reaction rims around hematite.

JV23R1 99% silica, 1% limonite in veins and as discreet
inclusions. Silica fine- to medium-grained.

* Grain sizes : very fine-grained, <0.005mm; fine-grained,
0.005-0.062mm; medium-grained, 0.062-0.2 5mm; coarse-grained
0.025-0.5mm; very coarse-grained, >0.5mm.
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CARBONATE
JVGC1-1

JVGC1-3

JVGC1-7

JVGC2-1

JVGC2-3

SAMPLES
75%-80% limestone, 20%-25% silica. Fine- to medium- 
grained limestone with minor dolomite, cut by 
medium-grained silica vein. Calcite veins present, 
minor chert.

99+% calcite, accessory oxides. Medium-grained 
highly fossiliferous limestone showing excellent
foraminifera fossils. Some minor pressure solution 
seams, and minor very fine-grained micrite.

99% medium-grained calcite, minor opagues
concentrated along styolitic pressure solution
seams apparently parallel to bedding, which are cut 
by younger calcite veins. Some rounded
recrystallized fossils.

95% fine- to medium-grained calcite, with 5%
coarser dolomite. Pressure solution styolites, and 
calcite veining are apparent, as well as
recrystallized foraminifera fossils.

90% medium-grained recrystallized calcite, 10% 
limonite filling network of fractures, brecciation.
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JVGC2

JVGC3

JVGC4

JVGC4

JVGC4

6 50% coarse-grained fluorite, 35% medium-grained
calcite, 10% fine- to medium-grained silica in
veins, 5% medium-grained dolomite.

3 99+% calcite, accessory chert, oxides. Fine-grained
calcite cut by medium-grained calcite veins, which 
are in turn cut at a high angle by styolites.

1 99+% calcite as fine-grained calcite in a very
fine-grained micrite matrix. Some coarser-grained 
rip up clasts apparent, composed of shell fragments 
and micrite.

6 99+% calcite, minor oxides, very fossiliferous.
Medium-grained shell fragments, showing some 
recrystallization, in a micritic matrix.

14 99+% calcite. Medium-grained calcite with ghost
fossils, pressure solution styolites, and fossil 
hash in a fine to very fine-grained micritic 
matrix.
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JVGC5-3

JVGC5-5

JVGC6-2

JVGC6-4

JV24R1

85% calcite, 10% dolomite, 5% silica. Medium-
grained limestone with discrete dolomite domains 
and veins, and silica vein.

90% calcite, 10% limonite , accessory silica.
Medium-grained calcite with inclusions of limonite 
and silica, in a fine-grained micritic matrix.

9 0% —9 5% calcite, 5%-10% dolomite. Coarse-grained
calcite with undulatory extinction, with coarse
grained dolomite, in contact with very fine-grained 
micrite. Calcite twinning and extinction indicate 
strain. Some recrystallization apparent, leaving 
nearly circular fossil ghosts.

99+% calcite. Medium-grained, recrystallized 
limestone and shell fragments in a fine-grained 
micritic matrix.

99+% dolomite. Coarse recrystallized dolomite with 
many dolomite filled fractures. Pressure solution 
styolites present.
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