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Linear trends of anomalously high gold values in the Florida Canyon gold deposit, Nevada have been
identiﬁed using a combination of contour maps of gold (Au) concentration developed with a geographic
information system (GIS) and variogram maps created using a geostatistical analysis package. These
linear trends are interpreted to represent major fault zones that exerted a prinicipal control on gold
mineralization and therefore imparted a spatial anisotropy to gold concentrations.
Oxidation state information such as oxide, sulﬁde or mixed was used initially to map and contour the
lower limit of the oxidation zone. Linear trends on this surface suggest the location and trend of major
structural elements in the deposit that guided late oxidizing ﬂuids. Subsequently, four contour maps
of gold concentrations in oxidized rocks were produced, each map representing 500 ft vertical intervals
starting at 3500 ft above mean sea level (msl). Relatively high concentrations of Au that form linear
trends on these maps suggest the presence of structural features, such as shear zones that controlled
mineralization. Finally, to validate the observed trends, variogram maps of gold concentrations were
derived through geostatistical analysis and the major axes of anisotropy were determined for each map.
The results that emerge suggest linear trends of northeast, northwest and, less prominently, north–
south orientations. The north–south and northeast trends match those of known and mapped major
structures associated with the Florida Canyon deposit. However, the results imply a stronger control on
mineralization by northwest-trending structures than previously recognized and the location of possible
structures of all trends not previously mapped. They also serve to identify faults that controlled both early
hydrothermal ﬂuids and late oxidizing ﬂuids since the gold distribution represents the time integrated
eﬀects of both ﬂuid events.
The linear trends derived by spatial analysis (contour maps, variogram maps) of geochemical data
(i.e., gold concentration), combined with the results of the ﬁeld observations prove to be advantageous
in understanding the structural control of gold mineralization. Such spatial analyses of geochemical
concentration data are particularly useful in the ﬁeld of mineral exploration.
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1. Introduction

The application of GIS in geochemical mapping
is a common practice in the mineral exploration
industry (Harris et al 1997; Turner 1997; Yager and
Folger 2003). Typically, metal concentration values
are interpolated to create maps of one particular metal of interest, which are used to delineate
target areas for further exploration (McClenaghan
et al 1997; Adams 2006). However, the application of these interpolated contour maps to identify
structural metals controlling mineralization is not
a common practice. This study exploits the fact
that (i) the metal distribution in many deposits
can be controlled by pre-existing or coeval structural features and (ii) metals can be re-mobilized
due to post-mineralization events, such as oxidation, resulting in a redistribution of elements and
the creation of dispersion patterns along structural
elements. For example, the structural features controlling upwelling hydrothermal ore ﬂuids can also
provide the channel way for downward percolating oxidizing ﬂuids that destroy sulﬁdes, remobilize metals and generate an oxidized layer of rocks
above sulﬁde protore.
The objective of this study is to identify structural controls on gold mineralization at the Florida
Canyon gold deposit in Pershing County, Nevada
(ﬁgure 1) by utilizing GIS-generated contour maps
in conjunction with variogram information derived
from geostatistical analysis. The Au concentration data of the available drill-holes are used for
these purposes. The mineralogical log-data of the
exploration drill holes are ﬁrst used to map the
lower surface of oxidation in the deposit. The mineralogical information include relative abundance
of iron oxides representing dominantly oxide, sulﬁde or mixed zones. This surface demarcates the
ﬁrst occurrence of sulﬁdes (‘oxidation surface’) in
each drill hole and reﬂects the uneven downward
penetration of oxidizing ﬂuids. Linear irregularities on the oxidation surface are interpreted as
possible faults or shear zones. These linear features are then compared with linear trends on
contour maps of gold concentration at diﬀerent
depth intervals through the oxidized part of the
deposit.
The GIS-generated contour maps are the colour
coded maps where, diﬀerent colours represent different grades of gold (Au g/t). These maps can
be used to identify location with occurrences of
relatively high concentrations of gold relative to
the sorrounding areas. Variogram maps are unique
tools that can identify and indicate the spatial
anisotropy and autocorrelation of geochemical
datasets. Higher spatial autocorrelations for
longer distances along certain directions indicate a
relatively greater spatial anisotropy along these

Figure 1. Location of Florida Canyon gold deposit in
Humboldt Range, Pershing County, Nevada. Other known
mineral deposits in and near the Humboldt Range are
Majuba Placers (1), Standard mine (2), Rochester mine (3),
Nevada Packard (4), and Willard mine (5). The regional map
base is derived from digital data obtained from U.S. Geological Survey digital data series: DDS-041 (Raines et al 1996).

directions (Erickson et al 2000; Ouyang et al 2003).
In a mineral deposit, this may suggest preferred
paths of metal introduction and redistribution and
hence correspond to zones of anomalous enrichment or depletion. Details of variography analysis
are discussed in later sections. The variogram maps
are constructed to identify the spatial-anisotropy of
the gold assay data and the directions of the strong
anisotropy are identiﬁed as ‘inherrent structural
trends’ of the Au-concentration data. The results
are compared with the results of the visual analysis of GIS-derived contour maps as discussed earlier. These results are used in conjunction with the
ﬁeld observations of the authors to infer the location and orientation of structural features in the
deposit that possibly guided ﬂuids responsible for
gold deposition and redistribution in this deposit.
The combination of the GIS and geostatistical
analyses applied to the geochemical data to identify and map the structural elements in a mineral deposit is a novel approach that could be
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useful during mineral exploration from the early
evaluation of prospects through advanced mine
development.
2. Study area
The Florida Canyon gold deposit is a low-grade,
low-sulﬁdation deposit located along the northwest margin of the Humboldt Range, Pershing
County, Nevada (ﬁgure 1). From 1986 through
2006 gold was produced by open pit mining and
cyanide leach extraction with total production
amounting to 51.77 metric tons of Au at an
average grade of 0.77 g/t (Larsen 2007). Florida
Canyon deposit is hosted by weakly metamorphosed sedimentary rocks of Grass Valley Formation (Triassic). Unlike other low-sulﬁdation
epithermal deposits, the Florida Canyon deposit
is not known to have association with any coeval
igneous rocks (Samal and Fifarek 2007). Mineralization at the Florida Canyon deposit has some
similarity with Carlin type deposits such as Au
bearing pyrite and occurrences of jasperoid (Person
et al 2008). However, Florida Canyon deposit
occurs adjacent to a Humboldt House geothermal
system (Samal et al 2005) which may be related
to the genetic history of the deposit (Samal and
Fifarek 2007).
Although gold mineralization is largely disseminated through weakly metamorphosed siltstones
and sandstones of the Grass Valley Formation,
the most intense mineralization and alteration is
localized near the intersection of a north-trending,
range-bounding fault that truncates the deposit on
the west and the northeast-trending Madre shear
zone on the north (Hastings et al 1988; Thomason
2002; Preuss et al 1997). Subsidiary faults associated with these trends are recognized in the mine
area in addition to a subtle northwest structural
grain that parallels prominent drainages in this
region of the Humboldt range (Thomason 2002).
However, the control on mineralization exerted by
these subsidiary faults is not readily apparent in
mine exposures.
All production to date has been from the oxidized top of the deposit. Pervasive alteration in
the oxidized zone consists of widespread kaolinitehematite and localized bleached zones of quartzalunite-kaolinite. Stable isotope values for alunite
indicate an origin from steam-heated, acidic oxidizing ﬂuids that formed near the water table (Samal
et al 2005; Samal and Fifarek 2006a). Weatheringrelated alteration and oxidation are present but
their eﬀects are diﬃcult to distinguish from steamheated alteration and fracture ﬁlling. Cross-cutting
relationships and 40 Ar/39 Ar dates clearly indicate
that hematite and quartz-alunite-kaolinite assem-
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blages overprint quartz-adularia-sulﬁde stockwork
zones and their siliciﬁed and illite-kaolinite altered
host rocks. Accordingly, steam-heated alteration
and oxidation are younger than the sulﬁde-forming
hydrothermal event and were superimposed on sulﬁdic rock by a relative drop in the water table
(Samal and Fifarek 2007).
Electrum and native gold are the principal
ore minerals. In unoxidized rock, they occur as
inclusions in quartz veins and pyrite, particularly
the colloform banded variety. In oxidized rock, they
are associated with vein quartz and hematite. Even
though gold has been liberated from pyrite by oxidation, a supergene enrichment of gold has not
been documented for the deposit.
3. Variogram maps: An introduction
The spatial continuity and underlying structure of
a spatially autocorrelated variable in nature can
be mathematically characterized using variogram
functions. In this study, a set of gold assay values
is analysed using variography. Gold concentration
data used in this study is a spatially autocorrelated
variable (i.e., values of a variable is compared with
the values of the same variable to measure the spatial dependancy in space), and a regionalized variable (i.e., a variable whose values are distributed over
space and meet the criteria of ‘second-order
stationarity’, Isaaks and Srivastava 1989; Armstrong
1998). Spatial autocorrelation is also referred to
as spatial dependency in space. The spatial structure (inherited spatial arrangement) of an autocorrelated variable can be modelled in several ways
such as through the use of variograms, covariograms, correlograms and madograms (Pannatier
1996; Wackernagel 2003; Armstrong 1998).
In geostatistics, the variogram is the most commonly used tool for modelling spatial structure and
is often known as a ‘semivariogram’ and noted as
γ(h). The semivariogram is calculated as half of
the average squared diﬀerence between paired data
values. The semivariogram is presented as:
1 
2
γ(h) =
[v(xi ) − v(xi + h)]
2N (h) i=1
N

(1)

where h is the lag distance (separation distance
between sample pairs), v(xi ) is the value of variable x at location i, v(xi + h) is the value of x
at a distance i + h, N is the number of pairs
and x is Au in this paper. The semivariogram
is a line-graph of the variogram values, i.e., the
average variances γ(h) against distances between
sample separation (h or lag). Semivariograms calculated along a particular direction (azimuth)
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from a geologically well constrained dataset are
known as ‘directional variograms’. Directional
variograms are useful in modelling the spatial
autocorrelation of a regionalized variable along
speciﬁc directions (azimuths). The sample separation distance (lag) beyond which the variable
behaves as a random variable is known as the
range of a directional (or, omnidirectional) variogram. Hence, the range is representative of spatial
continuity in that particular direction. In case of

an anisotropic set of data, such as the Au assay
values of a vein type gold deposit, the range of
the variograms along the strike of the vein is
larger than the range of variograms in the width
direction.
The anisotropy of a three dimensional (3D)
dataset can be modelled using variogram values
calculated along all possible directions. To visualize changes in these values along multiple directions two dimensional (2D) variogram maps may
be constructed, as illustrated in ﬁgure 2 for a subset of the Florida Canyon data. In a 2D variogram
map, the semivariances calculated at diﬀerent lag
distances (h) are represented as grid cells along
multiple azimuths (θ in ﬁgure 2a) originating from
a common point as seen in plan view. These grid
cells are displayed in colour codes representing variation in semivariance. A grid cell in the variogram
map represents semivariances, i.e., the average of
variances for a group of paired data points that are
aligned along an azimuth (θ) with angular tolerance of α, i.e, θ ± α, within the grid cell and at
distances of separation between i and i + h. The
angle and the angular tolerance (θ ± α) is userdeﬁned. The variogram map shown in ﬁgure 2(a) is
computed along 24 major directions at every 15◦ .
The angular tolerance is 0◦ . The lag distance is 50 m
and 10 lags are used for constructing this variogram map. It should be noted that the goal of
this exercise is to identify the major direction of
spatial anisotropy from the structure of the variogram map. The directional variograms are shown
in ﬁgure 2(b). The variogram maps are a 2D representation of semivariances on a deﬁned plane and
can be derived for any direction in 3D space by
deﬁning the plane in any orientation.
4. Use of variogram maps in geological
interpretation of structural
elements: A review

Figure 2. (a) Variogram map of Au concentrations for the
area bounded by mine coordinates E51000 to E51500 and
N49000 to N49500. (b) Variogram values plotted versus lag
distance for selected prominent directions revealed by the
variogram map (blue lines). The directions are N0, N30,
N45, N60, and N120 (variogram values are the same in both
directions along an azimuth. In this example, N45E is the
dominant direction of the inferred structural trends for the
chosen mine area. Refer the text for details.

Variogram maps have found a wide range of applicability in understanding spatial anisotropy in geosciences. For example, these maps were used by
Drew et al (2003) to model the spatial continuity
of water well yields associated with the fracture
properties of the crystalline basement rocks in
the Pinardville quadrangle, New Hampshire. They
found that the spatial structure of water well yields
were similar to the fracture patterns of the study
area. Similar results were obtained in Loudoun
County, Virginia, where ﬁeld evidence of underlying geological structures was used to validate
2D variogram maps of water well yields (Sutphin
et al 2000; Drew et al 2004). An excellent match
between geological information of a complex carbonate reservoir and porosity variograms was
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found in the Eastern Province of Saudi Arabia
(Sahin et al 1998). Similar geostatistical analyses
related to geological features were published by
Lin et al (2004) and Kumke et al (2005). Collectively, these studies suggest that variogram maps
can provide information about underlying geologic
structures.
Smith and Williams (1996) applied variography
to model the spatial variability and structure of
element concentrations at a mine waste site. A
similar study accounted for the spatial variability
of elements in a gold–silver deposit at Marrancos,
Portugal (Reis et al 2004). In other applications,
variogram models of various natural factors such
as forest ﬂoor water content (WC), pH, substrateinduced respiration (SIR, a measure of microbial
biomass), and N mineralization, are used to infer
major and minor spatial structures present in the
data (Bruckner et al 1999). In essence, the use
of variograms for identifying inherent structural
patterns from spatially variable natural data is
an established geostatistical technique and gaining popularity in variety of scientiﬁc research and
applications.
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technique for 3D data that is not susceptible to
cluster or bull-eye eﬀects unlike 3D surfaces generated by the inverse distance power technique.
The Laplace gridding uses a smoothness factor (C)
which allows the user to control the smoothness of
the surface. If C is set to 0, no smoothness occurs
and the surface is created by joining all points. The
result is a surface with the maximum irregularity that represents all actual data points but does
not include estimates of points at unsampled locations. With increasing values of C, the Gemcom
laplace gridding method uses an iterative process
to progressively smoothen the surface, ultimately
approaching a bi-cubic spline function. The surface
generated using Gemcom is accessed inside a GIS
system for further analyses. The gradual changes in
surface elevation is analysed using a terrain analysis function in GIS that expresses variations in the
rate of change in slope to generate a ‘slope derived
surface’ as seen in ﬁgure 3.

5. Dataset preparation and analytical
procedures
5.1 Drill hole data
Data analysis was performed on a spatially explicit
dataset that consisted of gold assay and lithologic
information for more than 3000 drill holes from the
Florida Canyon deposit. The dataset consisted of
300,480 data points for which x–y coordinates were
calculated with reference to a mine grid and an
elevation (z) calculated above mean sea level (msl).
5.2 Oxidation surface
The oxidized top of the deposit is distinguished
by hematite and minor goethite and an absence
of sulﬁdes. Below a speciﬁc depth in each drill
hole and over an interval of a few meters, the
Fe-oxide/hydroxide minerals decrease and sulﬁde
minerals increase until a sulﬁde-stable, hematitegoethite free zone is reached. To map the surface
that deﬁnes the lower limit of complete oxidation
(sulﬁde-absent), locations of the highest level of
sulﬁdes intersected by each drill hole were selected
using a selection tool available in an industry standard exploration-mine development software package, Gemcom . These points were joined together
using a triangulation technique, known as Laplace
gridding technique (Gemcom 2006), to simulate
this surface, herein referred to as the ‘oxidation
surface’. Laplace gridding uses a surface ﬁtting

Figure 3. A slope-derived map of the surface representing
the lower limit of oxidation (oxidation surface) at the Florida
Canyon mine. Shades of gray express slope angle of the
surface with darker shades equating to steeper slopes and
lighter shades to ﬂatter slopes. Pairs of dashed lines bound
interpreted NE-trending linear features and pairs of solid
blue lines bound NW-trending features, both of which suggest possible fault and shear zones. Solid lines denote the
two major structures known from geological investigations,
the range-bounding fault and Madre shear zone.
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Figure 4. (a) Gold concentration contour map of the 3500–4000 ft (1066.8–1219.2 m) elevation interval. The interpreted
structural element represents mineralization along the range-bounding fault (Str 1) that possibly intersects a NW–SE trend
near its southern limit. Drill hole data are limited elsewhere at this interval. (b) Au concentration contour map of the 4000–
4500 ft (1219.2–1371.6 m) elevation interval. The contours of high Au-concentrations are located along the range-bounding
fault and in a broad zone to the NE. The interpreted structures are Str 1, Str 2, Str 3, Str 4 and Str 5. The Str 1 and Str 2
are along North-South to NNE–SSW trending range-bounding fault zone; the Str 3 and Str 4 are NE trending and Str 5 is
NW trending. (c) Au concentration contour map of the 4500–5000 ft (1371.6–1524 m) elevation interval. Possible structural
zones include Str 2, Str 3, Str 4, Str 5 and Str 6. The Str 2, Str 3, Str 4 and Str 5 are interpreted as continuing from the
4000–4500 ft (1219.2–1371.6 m) level. The Str 6 shows a small but strong EW trend. (d) Au concentration contour map of
the 5000–5500 ft (1524–1776.4 m) elevation interval. Possible structures include NW–SE trending Str 5 and EW trending
Str 6. Due to low-density of data at this level, spatial trends are not visible in other parts of the deposit. In all these maps,
the blank (no color) area has very low density of low grade Au content (< 0.003 opt) providing no usable information to
detect spatial trends.
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5.3 Mapping linear trends in gold concentration
using contour maps
Gold concentrations in the oxidized zone obtained
from the drill hole data were converted into GISbased contour maps. Since the elevation of values
ranged from 3500 to 6000 ft (i.e., 1066.8 to
1828.8 m), the 300,480 data points were subdivided by elevation into ﬁve subsets representing
500 vertical feet (152.4 m) each. Each of these
subsets were then analysed independently to create four gold concentration contour maps, or one
each for the elevation ranges, 3500–4000 ft (i.e.,
1066.8–1219.2 m), 4000–4500 ft (i.e., 1219.2–
1371.6 m), 4500–5000 ft (i.e., 1371.6–1524 m),
5000–5500 ft (i.e., 1524–1776.4 m) and 5500–
6000 ft (i.e., 1776.4–1828.8 m).
For each drill hole, the data point closest to the
mid-point of each elevation range was selected to
represent the location in x and y in local coordinates, of that particular drill hole data in a GIS
layer. The gold assay values, reported in ounces per
ton (opt, 1 opt = 28.34952312 grams per ton, gpt),
were averaged over the elevation range and attributed to this point. The inverse-distance-square
(IDS) interpolation technique, available within the
standard GIS software package ArcGIS 9.1 was
utilized to interpolate and contour the gold values (ﬁgure 4a, b, c and d). The IDS technique is
preferred over kriging, because the surface generated using the IDS technique shows the change
in dip and elevation of the surfaces more prominently as compared to the ones generated using
kriging.
The concentration contour interval was determined by a natural break classiﬁcation, known as
the Jenk’s optimization technique, which resulted
in 15 divisions between the lowest (0.0001 opt,
i.e., 0.00235 gpt) and highest (9.480 opt, i.e.,
268.75348 gpt) gold values. The Jenk’s optimization algorithm calculates groupings of data values
based on the smallest possible total error within
the class. Once the maps were created, linear trends
of higher gold concentrations were interpreted by
visual inspection (shown as dotted lines in ﬁgure 4a, b, c and d). The identiﬁed linear trends
or linear structural features (Str x) are designated
as Str 1, Str 2, etc. Only the major trends, those
repeat in two or more levels are considered in this
paper.
First, these interpreted structural features were
veriﬁed in the areas of known major structures. As
it can be seen in ﬁgure 4(a, b and c), the Str 1
and Str 2 are along the known major fault zone
(range-bounding fault). Also, Str 3 was found to
be approximately parallel to the Madre shear zone.
The other identiﬁed linear trends (Str 4, Str 5,
Str 6) are interpreted as locations of fracture, fault
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or shear zones. Structures 3, 4 and 5 seem to be
prominent and continuing up to 5000 ft (1524 m)
deep. Figure 4(d) does not show any evidence of
structural elements in the western and southern
sides, because of low density of data at this depth.
The data used to create the above-mentioned
maps were combined to create a contour map of
Au concentrations for the entire 3500 to 5500 ft
(1066.8 to 1776.4 m) interval of the deposit
(ﬁgure 5). Linear trends interpreted as fault or
shear zones (Str x designation) are identiﬁed on
the map. Repetition of these linear trends at
multiple map levels strengthens the probability
that they represent actual structural elements.
5.4 Variogram map analyses
To conﬁrm the linear trends observed in the contour maps, the drill hole data were used to construct variogram maps which provide directions of
possible structural control of mineralization and

Figure 5. Au concentration contour map of the 3500–5500 ft
(1066.8–1776.4 m) elevation interval. This map was created
using a combined dataset between 1066.8 m (i.e., 3500 ft)
and 1776.4 m (i.e., 5500 ft). The interpreted shear zones
appear to be those that extend vertically through most of the
deposit. Those repeated at other levels include Str 1 and/or
Str 2, shown as Str 1/2, Str 4, Str 5 and Str 6. The Str 1/2
may be due to the combined eﬀect of Str 1 and Str 2. The
blank (no color) area has very low density of low grade Au
(< 0.003 opt) data with no spatial trend.
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Table 1. Reference plan parameters used to create variogram maps using
ISATIS software.
Plane of variogram map
Rotation
Variogram map parameters:
Number of directions
Number of lags
Lag value
Angular tolerance (number of sectors)
Tolerance on distance (number of lags)
Minimum number of pairs per cell
Slice height
Slice X reference
Slice Y reference
Slice Z reference
Slice minimum lag value

directions of best continuity of grade. As stated
earlier, structural features such as faults and fractures inﬂuence ﬂuid ﬂow and element concentrations along them. Therefore, gold concentrations
aligned along these structural features would show
a stronger spatial correlation for a longer distance
in the direction of the structures than in other
directions. Under these circumstances semivariance
may increase slowly over relatively longer distances
and have larger ranges compared to other directions. This phenomenon is shown in ﬁgure 2 where
semivariances along the N45–N225 azimuth show
stronger spatial correlation and a larger range compared to other directions. Hence, as discussed in
section 4, for that subset of data and geographical
area it is interpreted that the orientation of the
most prominent structural element that guided
mineralizing ﬂuids is N45–N225.
The ﬁrst step in the variogram map analysis was
the identiﬁcation of outliers of gold concentration.
Histograms suggest that gold values above 2 opt
belong to a statistically diﬀerent population and
constitute less than 2% of the total data. Therefore, only data points with gold values between 0
and 2 opt were selected for analysis. Further, in
order to avoid excessive spatial bias due to paucity
of data, variogram maps were generated only for
the 4500 to 5000 ft (i.e., 1371.6–1524 m) elevation
interval because it contained abundant data over
most of the mineralized area in Grass Valley formation. These data points were subdivided geographically into forty-eight 500 × 500 ft (152.4 × 152.4 m)
grids. Each grid was labeled as Ax By , where ‘x’ represents a grid number eastward and ‘y’ represents a
grid number northward from an arbitrary starting
point. A total of 48 grids, from A1 B2 to A7 B9 , i.e.,
in the area bound by N49000-E51000 and N53000E54000, were considered for variogram analysis;
other grids had inadequate data for generating
variogram maps. Due to non-uniform distribution

X–Y (east–north) plane
No
12
10
100 ft (30.48 m)
0
1
1
Not required
Not required
Not required
Not required
0 ft

of data and insuﬃciency of data the variogram
maps for the grids outside the above-mentioned
area could produce misleading results; hence these
grids were excluded from variogram-map analyses.
The selection of data was done using a data ﬁltering tool available within the ISATIS geostatistical software that was used for this analysis. The
parameters used to create each of the variogram
maps are reported in table 1.

6. Results
6.1 Oxidation surface
The oxidation surface dips gently westward across
most of the mine area but changes to steeper
dips along the west side where the surface and
deposit are truncated by a north–south rangebounding fault (ﬁgure 3). However, along certain
linear trends, the oxidation surface rapidly changes
dip and plunge before returning to its general gradient. These linear trends are interpreted as the
loci of faults and shear zones where induced secondary permeability allowed downward percolating oxidizing ﬂuids to penetrate to greater depths.
The trends indicated on the slope-derived map of
ﬁgure 3 are visual estimates of linear zones of rapid
slope change of the oxidation surface. Interpreted
linear trends of NE, NW and, to a lesser extent,
N–S trending zones are shown on the map relative to major known structures, speciﬁcally the
range-bounding fault and Madre shear (ﬁgure 3).

6.2 Contour maps of gold concentrations
On the 3500–4000 ft interval level (i.e., 1066.8–
1219.2 m) map of gold concentrations at the
deepest levels of the open pit mine, high values are
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generally aligned along a broad N–S zone parallel to the range-bounding fault, although drill hole
data are generally sparse and restricted to the west
side (Str 1) of the deposit through this interval
(ﬁgure 4a). At the next highest level at 4000–
4500 ft interval (i.e., 1219.2–1371.6 m), the contour
map shows a repeat of the same N–S trend (Str 1),
labelled SZ1, a subparallel NS trend (Str 2) and
broad NE-trending zone (Str 3) of gold enrichment
that parallels the Midas shear located along the
northern limit of the zone (ﬁgure 4b). Within this
broad zone, the other NE trending linear feature
(Str 4) and NW trending Str 5 are suggested by
the alignment of relatively high grade zones. Some
of these linear features appear to extend upward
to the 4500–5000 ft (i.e., 1371.6–1524 m) level
interval, where they are accompanied by additional
zones of enrichment in the NE part of the deposit
(ﬁgure 4c). Data are again sparse at 5000–5500 ft
interval level (i.e., 1524–1776.4 m), although short
linear zones trending NE and NW trend are
pronounced in the NE section of the deposit
(ﬁgure 4d). Too few data points were available
for generating an Au contour map at the highest
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level, i.e., at 5500–6000 ft (i.e., 1776.4 to 1828.8 m).
When the data are combined into a 2000 ft, i.e.,
609.6 m elevation interval, from 3500 to 5500 ft
(i.e., 1066.8–1776.4 m msl) the location and azimuth
of the most through-going linears are revealed as
illustrated in ﬁgure 5. Collectively, the NE-trending
linear trending zones appear to be the most prominent, followed by NW-trending linear zones, and
then EW-trending linear zones (away from the
range-bounding fault).

6.3 Interpretation of variogram maps of Au
Because gold concentrations are often controlled by
fault and shear zones, it is justiﬁed to hypothesize
that semivariances along structural trends will
have the largest range due to a stronger spatial
correlation in these directions; which is represented
by slower rise in semivariances for longer distance
in variogram maps. In 42 out of the 48 grids
considered in developing the variogram map for
the 4000–4500 ft (1219.2–1371.6 m) interval, the
largest ranges of semivariances occur along

Figure 6. Prominent linear trends derived from variogram maps of 500×500 ft (15.4×152.4 m) grids at the 4000–4500 ft
(1219.2–1371.6 m) elevation level superimposed over the oxidation surface. Solid (red) lines represent NE-trends, dashed
(blue) lines NW-trends, and dotted (green) lines N–S trends. For explanation purposes, the variogram map for the area
bounded by E51000 to E51500 and N49000 to N49500 (A1B2) is shown in ﬁgure 2. The variogram maps for all other entire
deposit were calculated for 48 grids (each 500 × 500 ft and bounded by grey coloured cross signs (+). As discussed in section
5.4, these 48 grids are labeled as AxBy, where ‘x’ represents a grid number eastward and ‘y’ represents a grid number
northward from an arbitrary starting point. A total of 48 grids, from A1B2 to A7B9 are used.
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northeast (N30 to N60) and northwest (N300–
N345) directions (ﬁgure 6). North–south directions
are identiﬁed only in the central region of ﬁgure 6,
although the absence of these trends in the southern part of the deposit may be attributable to the
lower density of data in that area.
Overall, the trends predicted by variography
closely match those interpreted from the gold contour maps and oxidation surface map. Two of
the trends match those of the two known goldbearing structures in the deposit, the north–south
range-bounding fault and northeast Midas shear
zone. This concurrence of results by various methods and at diﬀerent scales aﬃrms the hypothesis
that the variogram directions with larger ranges
and greater spatial correlation represent structural
trends which can be mineralized faults and shear
zones.
7. Discussion and conclusions
Although it was recognized that gold was concentrated along northeast and north–south sets of
structures in the Florida Canyon deposit (Hastings
et al 1988; Thomason 2002), the presence and role
of northwest structures in focusing ore-ﬂuids was
more conjectural. The analysis of the gold contour maps and variogram maps provided by this
study clearly identiﬁes the two major ore controlling structures in the deposit and their trends,
the north–south range-bounding fault and northeast Midas shear zone. However, away from these
two structural zones the results also highlight the
importance of the northwest set of structures as
an ore control, particularly at higher levels and in
the NE area of the deposit. Additionally, intersections of northwest and northeast structures appear
to have localized some gold anomalies. These conclusions provide important guides for the further
exploration of the Florida Canyon mine area and
for similar deposits along the western foothills of
the Humboldt Range.
Gold was initially introduced preferentially along
structures during the formation of quartz-adulariasulﬁde stock-work and veins. Downward percolating oxidizing ﬂuids of steam-heated origin and later
of weathering origin overprinted this mineralization along the same permeable structural conduits
that guided hypogene mineralization, as implied by
the coincidence of linear trends on the oxidation
surface and gold contour maps. These ﬂuids liberated gold encapsulated in sulﬁdes and to some
extent in quartz and likely redistributed the gold at
least at a local scale. Consequently, the patterns of
gold concentrations revealed by the contour maps
and variogram maps represent the time integrated
eﬀects of both hydrothermal events.

In a more regional context, the northweststriking faults are subparallel to a prominent set of
drainages in the Humboldt Range surrounding the
mine area. Similarly, the northeast-trending Midas
shear zone is part of a regional lineament marked
by the common orientation of joints, faults and
veins (Hastings et al 1988). Sparse cross-cutting
relations observed around the mine area suggest
the northwest set of faults post-date the northeast structures and both are clearly oﬀset by the
range-bounding fault and subsidiary structures.
The range-bounding, normal fault acted as the
major conduit for the episodic upwelling of ﬂuids over the last 5 Ma (Samal and Fifarek 2006b).
Yet displacements on the fault during the same
time interval suggest that the hangingwall block,
now buried by ≥305 m of valley-ﬁll sediments, may
be mineralized directly down dip of the Florida
Canyon deposit. If so, the structural model for
the Florida Canyon mineralization proposed herein
may prove eﬀective in the exploration of such a
blind target.
The results of this study demonstrate the
advantages of using GIS-based geochemical maps
in conjunction with geostatistical analysis to recognize ore controlling fault sets and their relative importance in large, disseminated, low-grade
deposits where ore controlling structures are subtly
expressed. Such a methodology can be eﬀectively
employed in the ongoing exploration of a mine area,
search for blind extensions of known deposits, and
in the discovery of disseminated gold deposits in
similar tectonic settings. Future research along this
direction may lead to important reﬁnements of the
method and applications to other deposit types.
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