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Abstract: 

This study investigated whether a mine inactive for over 50 years still left an impact on 

the surrounding plant community’s biomass and diversity.  This was studied by comparing the 

percent vegetative cover between adjacent 20-m line-transects.  Density measures for three 

species were also found within 100-m
2
 plots which contained the central 10 m of each transect.  

Also, species lists were constructed for each transect.  Finally, soil texture and soil color were 

evaluated every 10 m along the transects.   

Overall plant cover was found to increase with distance from the mine.  The species list 

supported this with more species occurring with increasing distance; less disturbed areas should 

have higher cover and species counts.  The density measures were inconclusive for brittlebush, 

mostly consistent density was found among transects for foothills paloverde, and density tended 

to increase with distance from the mine for triangle-leaf bursage.  The soil was siltier near the 

mine entrance with consistent soil color until a distance of 30 m north of the mine entrance or 80 

m south of the tailing heap.  There appears to still be an impact from the past mining on the 

vegetation. 

 



1 
 

Lasting Impacts:  

An Assessment of Plant Cover around the Abandoned Gould Copper Mine 

By Kira Sund 

 

Abstract: 

This study investigated whether a mine inactive for over 50 years still left an impact on 

the surrounding plant community’s biomass and diversity.  This was studied by comparing the 
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Overall plant cover was found to increase with distance from the mine.  The species list 

supported this with more species occurring with increasing distance; less disturbed areas should 

have higher cover and species counts.  The density measures were inconclusive for brittlebush, 

mostly consistent density was found among transects for foothills paloverde, and density tended 

to increase with distance from the mine for triangle-leaf bursage.  The soil was siltier near the 

mine entrance with consistent soil color until a distance of 30 m north of the mine entrance or 80 

m south of the tailing heap.  There appears to still be an impact from the past mining on the 

vegetation. 

 

Arizona Mining:  

 Copper mining left an indelible mark on the history of Arizona; there are numerous 

copper mines throughout the southeastern portion of the state (Figure 1) and still feature as 

prominent tourist attractions in cities like Bisbee (Arizona Mining Association, 2002-2014; 

Queen Mine Tours, 2012).  The remaining structures of mines can pose hazards; there have been 

multiple news reports about injuries occurring due to mishaps around abandoned mineshafts, and 

the collapsing of old tunnels (Acosta, 2007; KNXV, 2013; Arizona Geological Survey).  There is 

also controversy over the future of copper mining in Arizona caused by proposed sites such as 

the Rosemont Copper Mine southeast of Tucson.  Copper mining is even immortalized in the 

Arizona state flag with a copper star in the center representing the mining industry (Figure 2) 

(Arizona Facts, 2014; Arizona State Flag; Wright, 2012).  
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Figure 1: Map of some of the major Arizona mines with some of the copper mines indicated. 

(From Arizona Mining Association) 
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Figure 2: Arizona State Flag featuring the central copper star (From statesymbolsusa.org). 

  

 Mining has taken its toll on the environment in the areas around mines.  Construction of 

mining camps would often involve the clearing of woody plants to use for fuel or simply to make 

areas more accessible (National Geographic, 1996-2014).  Mine tailings leave heavy metals in 

the soils in the direct vicinity and can contaminate surrounding areas through wind and water 

transport (Salomons, 1995).  Aerial particulates can also be harmful to breathe due to the heavy 

metals and other contaminants they contain (Konkel, 2013).   

 The Gould copper mine is located in a southern facing slope in Saguaro National Park 

West near the Park’s border with Tucson Mountain Park.  It has a large entrance (possibly the 

primary entry point) on a leveled area towards the top of the Gould Mine Trail (Figure 3), with a 

slightly smaller opening further south at a lower elevation (Figure 4).  For the purpose of this 

study, the higher elevation opening is considered as the primary entrance; this entrance is located 

at 32° 15' 29.06" N, 111° 9' 58.53" W.  All the entrances are fenced off, and the entrance at the 

top of the slope is also grated.  There is one building still standing on the site; the powder house 

is still largely intact with only the roof and door missing (Figure 5).   
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Figure 3: Primary entrance to the mine.

 

Figure 4: Second mine opening.
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Figure 5: Powder house at the Gould Copper Mine. 

 

 The Gould copper mine was started in 1906 by S. H. Gould who began the Gould Copper 

Mining Company (Saguaro National Park Flyer; National Park Service, 2005).  As of 1908, the 

mine was 375 feet deep with a vein of chalcoprylite found about 100 feet down extending into 

the lower reaches of the shaft, achieving a width of up to 60 feet in the deeper regions (Saguaro 

National Park Flyer).  While there seemed to be belief that the mine would turn up large amounts 

of copper ore when expanded deeper, it was shut down after 1908 and merely continued shipping 

ore that had already been moved to the surface until 1911 (Saguaro National Park Flyer).  Gould 

went bankrupt in 1915, with a reported 45,000 pounds of copper removed from the mine during 

its run (Saguaro National Park Flyer; National Park Service, 2005).  The mine was later leased; 

however, no further mining was performed during this period (Saguaro National Park Flyer).  
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Between the time of the initial closure and the final, permanent closure in 1954, there was some 

sporadic mining, but the yields were too low to justify the costs (National Park Service, 2005).  

In 1957, the Banner Mining Company wanted to open a 7600-acre open pit mine over the area of 

the past mine, but was stopped by complaints by the public (Saguaro National Park Flyer).  As of 

1963, the mine came under federal jurisdiction as part of the Saguaro National Monument which 

became a National Park in 1994 (Saguaro National Park Flyer).  Mining rights expired as of 

1975, and as the site is currently part of the national park, mine rights will not be renewable 

(Saguaro National Park Flyer).  

 The remains of this mine are quite evident (Figure 6); the entrance stands at the top of a 

sizable tailing heap, and the runoff of the tailings down the slope is visibly evident.  Twisted 

metal remains of mining apparatus used during the active mining period are visible along the hill 

slope beneath the mine entrance (Figures 7,8), and the area around the entrance is still largely 

devoid of plant life.  The goal of this survey was to examine the impacts mining has left on its 

surrounding plant community and to see how strong these impacts are over 50 years after the 

mine’s closure.  This was measured through the density of brittlebush, foothills paloverde, and 

triangle-leaf bursage in 100 m
2
 plots at different elevations around the mine, through a 

comparison of plant species richness at the elevations above and below the primary mine 

entrance, and through a comparison of cover at various as distances from the mine entrance 

above and below that entrance.  If the impacts from the mining have lessened over time, there 

should be a fairly uniform plant composition, while if there are still mining impacts the plant 

communities should become richer with more cover as the distance from the mine increases. 
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Figure 6: Tailing heap of the Gould Copper Mine.
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Figure 7: Metal and wood remains from mining operations.

 

Figure 8: Metal remains from mining operations. 
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Materials and Methods: 

Data for the plant cover percentages were gathered by laying out a 50-m tape for a 40 m 

transect traveling directly north of the main entrance to the mine, and a 100-m transect south 

starting from the base of the mine tailing heap extending directly south (Figure 9).  The location 

of the starting point at the base of the mine tailings was selected as the point directly south of the 

primary mine entrance.  North and south were determined using a military survival compass; the 

compass does not use a fluid needle support, which prevents bubbles from forming and skewing 

the direction.  At the same time no calibration was used to adjust the measure to true north and 

south; measures of north and south were based on magnetic north and south.  The transects were 

divided into 20 m segments to attempt to measure variation in disturbance levels going outward 

from the mine entrance.  Cover in each 20-m segment was determined by the lengths of the tape 

under plant cover with the percent cover for each plant species measured and summed for the 

entire level of cover.  Some plants were not identified in the field; these plants are denoted as 

Unknown Plant _ (a letter is used here to distinguish the plant species), with the letter that was 

used retained for the same species found in different transects.  The total percent cover across 

each pair of adjacent transects was compared with the average percent cover for the pair of 

transects through the Chi-square test.   Plant species counts for each transect were compiled by 

identifying which plant species were visible horizontally off from the transect for a distance of 5 

m.  Plant density for three common species were measured in each of the seven 20-m transects 

by counting all individuals of those plant species within a 10 X 10 m sample plot taken from the 

central 10-m length of each 20-m segment.  The common species were selected on the basis of 

the three species that appeared most prominent while hiking to the site.  This was used for 

density measures of foothills paloverde, brittlebush, and triangle-leaf bursage.  Plants on the 
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edges of the plot were only included in the count of individuals when at least half of the plant 

was contained within the plot; otherwise only plants entirely within the 10 X 10 m area were 

included.  Also, only living plants were included in the density measure; dead standing plants 

were distinctive enough from living but dormant plants to be excluded from the count.  At 10 m 

intervals a soil sample was collected to measure for color and texture since the color of the mine 

tailings were visibly distinctive from the natural soil color; the runoff from the mine tailings 

could impact the soils lower down the slope.  These points traveling north were at the mine 

entrance, and 10 m, 20 m, 30 m, and 40 m north.  The points traveling south were at the base of 

the mine tailings, and 10 m, 20 m, 30 m, 40 m, 50 m, 60 m, 70 m, 80 m, 90 m, and 100 m south.  

These soil samples were field textured, and the wet color was determined using the Munsell soil 

color chart.  Data was collected over a one week period from August 7 to August 14.  
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Figure 9: Image of the Gould Copper Mine with approximations of the transect lines
1

 

Results: 

 

The results were compiled into a series of tables summarizing and comparing the data collected.  

Tables 1-7 detail the percent cover found in each transect by species with a sum of the total cover 

for the transect.  Table 8 compares the total cover between adjacent transects using the Chi-

square test.  Table 9 shows the density of three species from 100 m
2
 plots measured from the 

center of each transect.  Table 10 provides a species count for each transect.  Finally, Table 11 

shows the Munsell color and texture of the soil samples collected every ten m. 

  

Table 1: Plant cover percentages for the second twenty m segment of the transect north of 

the mine entrance. 

 

                                                           
1
 Image modified from Google Earth 

Species: North Transect 2 Percent Cover 

Brittlebush 12.05 

Foothills paloverde 34.39 

Triangle-leaf bursage 3.64 

Total Cover 50.08 
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Table 2: Plant cover percentages for the first twenty m segment of the transect north of the 

mine entrance. 

Species: North Transect 1 Percent Cover 

Foothills paloverde 10.91 

Unknown Species A 0.41 

Total Cover 11.32 

 

Table 3: Plant cover percentages for the first twenty m segment of the transect south of the 

base of the mine tailings directly south of the mine entrance. 

Species: South Transect 1 Percent cover 

Brittlebush 13.46 

Foothills paloverde 6.48 

Jojoba 12.19 

Unknown Species C 11.56 

Total Cover 43.69 

 

Table 4: Plant cover percentages for the second twenty m segment of the transect south of 

the base of the mine tailings directly south of the mine entrance. 

Species: South Transect 2 Percent Cover 

Foothills paloverde 3.11 

Triangle-leaf bursage 1.97 

Unknown Plant C 4.00 

Unknown Plant E 0.70 

Unknown Plant G 1.21 

Unknown Plant H 12.45 

Total Cover 23.43 

 

Table 5: Plant cover percentages for the third twenty m segment of the transect south of 

the base of the mine tailings directly south of the mine entrance. 

Species: South Transect 3 Percent Cover 

Fairy duster 4.44 

Foothills paloverde 6.67 

Jojoba 2.29 

Limberbush 7.30 

Staghorn cholla 0.38 

Unknown Plant D 2.65 

Unknown Plant H 0.89 

Unknown Plant I 2.16 

Total Cover 19.48 
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Table 6: Plant cover percentages for the fourth twenty m segment of the transect south of 

the base of the mine tailings directly south of the mine entrance. 

Species: South Transect 4  

Jojoba 23.30 

Foothills paloverde 20.57 

Limberbush 17.21 

Ocotillo 0.19 

Staghorn cholla 2.03 

Unknown Plant C 10.99 

Unknown Plant D 10.67 

Total Cover 84.96 

 

Table 7: Plant cover percentages for the fifth twenty m segment of the transect south of the 

base of the mine tailings directly south of the mine entrance. 

Species: South Transect 5 Percent Cover 

Jojoba 25.4 

Limberbush 12.07 

Ocotillo 13.843 

Staghorn cholla 4.32 

Triangle-leaf bursage 0.76 

Unknown Plant C 5.59 

Unknown Plant D 13.21 

Unknown Plant M 1.91 

Total Cover 77.09 

 

Table 8: Comparison of the total cover in each segment of the transect with that directly to 

the south using the mean cover of the two transects being compared as the predicted value, 

and the Chi-square test to analyze significance.  P<0.05 indicates significance.
2
 

 Percent Total Cover Mean Cover [Predicted 

Value] 

P-Value from 

Chi-square 

North Transect 2 50.08 30.685 7.658E-07 

North Transect 1 11.32 27.505 1.275E-05 

South Transect 1 43.69 33.56 0.01340 

South Transect 2 23.43 21.455 0.5465 

South Transect 3 19.48 52.22 1.481E-10 

South Transect 4 84.96 81.025 0.5364 

South Transect 5 77.09   

 

 

 

                                                           
2
 Example: Comparison of North Transect 2 and North Transect 1.  North Transect 2 has a total percent cover of 

50.08, while North Transect 1 has a total percent cover of 11.32.  The mean percent cover over the two transects is 
30.685.  A Chi-square test was run in an Excel spreadsheet with the observed values being 50.08 and 11.32, while 
the predicted values were both 30.685.  The P-Value from this Chi-square test was used to determine significance.  
This was repeated between each adjacent pair of transects. 



15 
 

Table 9: Density of three common species across all transect segments. 

 Density of brittlebush 

[Individuals in 100 

m
2
] 

Density of paloverde 

[Individuals in 100 

m
2
] 

Density of triangle-leaf 

bursage [Individuals in 100 

m
2
] 

North Transect 2 11 9 4 

North Transect 1 0 8 0 

South Transect 1 10 9 7 

South Transect 2 0 9 3 

South Transect 3 0 9 7 

South Transect 4 3 4 19 

South Transect 5 0 4 19 

 

Table 10: Species count for each 20 m transect. 

 Species count for each transect 

North Transect 2 9 

North Transect 1 6 

South Transect 1 10 

South Transect 2 16 

South Transect 3 20 

South Transect 4 15 

South Transect 5 14 

 

Table 11: Soil analysis from every 10 m. 

 Munsell color Texture 

North Transect 40 m out 10YR 3/3 Sandy loam 

North Transect 30 m out 10YR 3/3 Sandy loam 

North Transect 20 m out 2.5Y 3/3 Silty loam 

North Transect 10 m out 2.5Y 4/3 Sandy loam 

Mine entrance 2.5Y 4/4 Sandy loam 

Base of tailing heap 10YR 5/8 Loam 

South Transect 10 m out 10YR 3/4 Silt loam 

South Transect 20 m out 10YR 3/3 Silty clay loam 

South Transect 30 m out 10YR 3/3 Silt loam 

South Transect 40 m out 10YR 3/4 Loamy sand 

South Transect 50 m out 10YR 3/3 Sandy loam 

South Transect 60 m out 10YR 3/4 Loamy sand 

South Transect 70 m out 10YR 3/4  Sandy loam 

South Transect 80 m out 10YR 4/3 Loamy sand 

South Transect 90 m out 10YR 4/3 Loamy sand 

South Transect 100 m out 10YR 4/2 Sandy clay loam 
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Discussion: 

The comparison of the cover between adjacent transects through the Chi-square test came 

up with P-values for the comparison of North Transect 2 and North Transect 1, North Transect 1 

and South Transect 1, South Transect 1 and South Transect 2, and South Transect 3 and South 

Transect 4, were all less than 0.05, while the values for South Transect 2 and South Transect 3, 

and South Transect 4 and South Transect 5, were greater than 0.05.  This indicates significant 

differences in the amount of cover between North Transect 2 and North Transect 1, between 

North Transect 1 and South Transect 1, between South Transect 1 and South Transect 2, and 

between South Transect 3 and South Transect 4.  Between South Transect 2 and South Transect 

3, and between South Transect 4 and South Transect 5, there was no significant difference in the 

percent cover.  However, South Transect 2 passed through a wash, which could have led to lower 

amounts of plant cover.  The overall trend seems to be consistent with lower cover towards the 

mine entrances and higher plant cover further away from the mine.  This supports the hypothesis 

that there is lasting disturbance to the plant community caused by the mine.   

The hypothesis is also mostly supported by the species counts; proceeding north from 

North Transect 1 increased the species count, while proceeding south from South Transect 1 

increased the species count; however, south of South Transect 3 the species count decreases 

again slightly.  This could be caused by natural variation in the plant community.   

The density measures for brittlebush were highly variable across plots, with the species 

being absent from many of the plots.  The density measures for foothills paloverde were highly 

consistent across the plots, with the species having a seemingly even spread across the site.  The 

density measures for the triangle-leaf bursage suggests an increase in frequency further from the 

mine, but the sample size was too small to confirm a definite result.   
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The soil analysis revealed fairly consistent soil color (within one value or chroma) south 

of the tailing heap until about 80 m out where there was a slight color change (a change in both 

value and chroma).  North of the mine entrance there was  a color change that occurred at 30 m 

out; at this point there was a ledge that rapidly increased the elevation of the transect.  As for the 

texturing, there seemed to be higher silt content in the areas immediately south of the tailing 

heap.  South of the 30 m mark, however, the color of the soil became consistent. 

The results of this study could have been influenced by time of year it was carried out 

and the amount of rainfall that had occurred over the course of that year.  The time of year 

determines what part of the growing season plants are in; the data was collected in mid-August 

of 2013; this is at the end of the summer monsoonal weather and would be late in the growing 

season.  The monsoon season for 2013 was unusually wet and could have led to increased plant 

cover compared to other growing seasons.   Additionally, South Transect 2 passed through a 

wash which could be the reason for the significant decrease in cover compared to South Transect 

1.  The hydrologic pattern for the area could also impact the patterns of plant composition.   

This experiment could be improved and expanded upon by running a parallel transect 

through natural undisturbed vegetation for a comparison of the disturbed area to the natural 

conditions; this would allow for the natural variance in cover to be measured providing context 

to the study site and shedding further light on the results of this survey.  There could also then be 

a comparison of species present in the disturbed mine area with those present under normal 

circumstances.  Furthermore, a dry soil color analysis could have further distinguished the 

changing levels of mine tailings in the surface soil.  Finally, for the density measures, larger plots 

could have provided stronger support for variation in species such as triangle-leaf bursage.   
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Conclusions: 

The evidence seems to suggest some lasting impacts on the plant community from past 

mining endeavors.  Significant variation in plant cover was observed travelling north and south 

from the primary mine entrance and from the base of the mine tailings.  Species counts also 

revealed increased species richness further from the mine entrance.  Density measures were less 

conclusive, yet the density measures for triangle-leaf bursage seemed to increase further from the 

mine entrance.  Soil tended to be siltier closer to the mine entrance and there was a slight shift in 

wet soil color between the samples closer to the entrance and the samples further away. 
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