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ABSTRACT 13 
 14 

Turquoise has been used in the American Southwest since “time immemorial,” and 15 

remains an important material for contemporary indigenous groups of the region. Detailed 16 

studies of ancient turquoise mines are few, however, and inferences of turquoise procurement 17 

and provenance have been limited. Our intensive investigation of one mine, the Canyon Creek 18 

locale in Arizona, integrates archaeology and geochemistry to enhance understanding of the 19 

mine and its output. A detailed description of the mine’s morphology and geologic setting lay 20 

foundations for interpreting an isotopic analysis of specimens from the mine’s four localities. 21 

The analysis reveals extremely radiogenic lead isotope ratios, which distinguish Canyon Creek 22 

turquoise from that of other known sources in the American Southwest. Its distinctive isotopic 23 

signature makes Canyon Creek turquoise readily identifiable in archaeological assemblages. 24 

Unique consistencies in the lead isotopic ratios of turquoise from Canyon Creek and late 25 

prehispanic settlements in east-central Arizona help clarify the mine’s chronology of use and 26 

regional distribution. Our observations suggest the mine was larger than previously supposed, 27 

and that it provided an important source of turquoise for inhabitants of the region during the 28 

thirteenth and fourteenth centuries AD. 29 

 30 
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1. INTRODUCTION 31 
 32 

Turquoise is an icon of the American Southwest. As color and material, turquoise is 33 

fundamental to the worldviews of numerous indigenous groups of the region, with notable links 34 

to moisture, sky, and personal and familial vitality (Bennett, 1966; Ferguson and Hart, 1985; 35 

Hedquist, 2017; Hill, 1938, 1947; Parsons, 1939; Pogue, 1915; Whiteley, 2004, 2012). 36 

Archaeological occurrences, often concentrated in extraordinary contexts like ritual caches and 37 

burials, further demonstrate the ancient and enduring importance of turquoise (Hedquist, 2016; 38 

Hodge, 1921; Mathien, 2001; Mills 2008; Mills and Ferguson, 2008; Plog, 2003; Windes, 1992).  39 

Previous surveys have identified at least two dozen turquoise deposits in the American 40 

Southwest with clear evidence of prehispanic exploitation (Weigand and Harbottle, 1993; 41 

Weigand, Harbottle, and Sayre, 1977; see also Johnston, 1964; Leonard and Drover, 1980; 42 

Mathien, 1995; Warren and Mathien, 1985; Welch and Triadan, 1991). An unknown number of 43 

additional prehispanic sources are likely to have been exhausted or destroyed by historical or 44 

modern mining practices, such as the open-pit mining of copper (Mathien, 2000). To date, 45 

however, few archaeological studies of turquoise mines have been undertaken (for examples, see 46 

Leonard and Drover, 1980; Warren and Mathien, 1985; Welch and Triadan, 1991). The lack of 47 

comparable data sets on, for example, the size of workings, chronology of use, cultural affinities 48 

of the miners, and distribution of extracted minerals has inhibited comparative and synthetic 49 

assessments of prehispanic turquoise mining and trade in the American Southwest and beyond.   50 

In this paper, we seek to enhance knowledge of ancient turquoise mining and exchange 51 

by providing new documentation of the Canyon Creek mine, a prehispanic turquoise source 52 

located on the Fort Apache Indian Reservation in east-central Arizona (Figure 1). Building upon 53 

earlier work, we refine measurements of the mine’s morphology and reconstruct estimates of 54 
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mining intensity. In addition, we examine the archaeological distribution of turquoise from the 55 

mine using measurements of lead (Pb) and strontium (Sr) isotopes. Our findings confirm the 56 

mine served as a significant source of turquoise for Ancestral Pueblo settlements of the U.S. 57 

Southwest during the thirteenth and fourteenth centuries AD. 58 

2. RESEARCH BACKGROUND 59 

2.1 Geologic Setting 60 
 61 

The Canyon Creek mine comprises a series of ancient excavations above the Canyon 62 

Creek and Salt River confluence in east-central Arizona (Agenbroad, 1982; Haury, 1934; Moore, 63 

1968). At Canyon Creek, turquoise occurs as small nodules and fracture-coatings in the upper 64 

member of the Dripping Spring Quartzite (more accurately described as an arkose), a ~1.2 billion 65 

year old metasedimentary formation of the Mesoproterozoic Apache Group (Moore, 1968). This 66 

is an unusual geological setting for a turquoise mine and contrasts strongly with other turquoise 67 

deposits in the American Southwest, which tend to be found in Mesozoic or Cenozoic felsic 68 

igneous rocks and are associated with copper porphyry deposits or prospects (see Thibodeau et 69 

al., 2015 for a summary of the geologic settings of turquoise deposits in the American 70 

Southwest). In addition to turquoise, the Dripping Spring Quartzite is also known for hosting 71 

numerous strata-bound uranium (U) deposits (see Nutt, 1984) and secondary uranium phosphates 72 

and silicates are present in the weathered sections, often with secondary copper minerals, such as 73 

turquoise (Granger and Raup, 1959; Moore 1968). Moore (1968) notes that the U.S. Atomic 74 

energy commission detected anomalous amounts of radioactivity at the site of the Canyon Creek 75 

turquoise mine in 1954. Although no uranium deposits have yet been located in vicinity of 76 

Canyon Creek mine, Moore reports the presence of minute quantities of metatorbernite (a rare 77 

copper-uranium phosphate) in association with the turquoise. 78 
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 79 
Figure 1. Mine overview. Contours are in meters above mean sea level. 80 

 81 
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2.2 Previous Archaeological Work 82 
 83 

Archaeologists have known about the Canyon Creek mine since the early 1930s (Haury, 84 

1934). The mine is acknowledged in several regional inventories, though minimally described, 85 

for example, as a “simple mine” (Weigand and Harbottle, 1993:163), a “minor quarry” (Snow, 86 

1973:40), and “hardly more than quarries” (Johnston, 1966:316). Other overviews neglect the 87 

mine completely (e.g., Bennett, 1966). Welch and Triadan (1991) were the first to investigate the 88 

mine in detail, documenting three primary areas (loci) of mining activities and providing 89 

measurements of tailings (waste rock) piles in order to estimate the total labor invested in 90 

mineral extraction. Welch and Triadan (1991) also obtained x-ray diffraction (XRD) patterns of a 91 

turquoise sample from the mine and a turquoise artifact excavated from Grasshopper Pueblo, a 92 

nearby settlement occupied from approximately AD 1275–1400 (Reid and Whittlesey, 1999). 93 

The XRD patterns revealed metatorbernite within both mine sample and artifact, leading Welch 94 

and Triadan (1991) to infer that Canyon Creek was mined by the inhabitants of Grasshopper 95 

Pueblo.                              96 

2.3 Isotope Geochemistry  97 
 98 
 The isotope geochemistry of Canyon Creek turquoise has also been previously 99 

investigated as part of an effort to establish Pb and Sr isotopes as indicators of turquoise 100 

provenance (Thibodeau et al. 2015). Thibodeau and colleagues (2015) measured the isotopic 101 

ratios of turquoise nodules recovered primarily from the tailings of Locus 1 (see below) and 102 

found most samples to have extremely radiogenic Pb isotope signatures (i.e., very high 103 

206Pb/204Pb and 207Pb/204Pb ratios), which so far constitute a unique isotopic “fingerprint” for the 104 

Canyon Creek mine. The relatively high 207Pb/204Pb ratios indicate that Canyon Creek turquoise 105 

incorporates Pb derived from a geologically old, high U/Pb source, which is consistent with the 106 
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occurrence of the turquoise within a host rock (Dripping Spring Quartzite) known to contain 107 

Proterozoic-age uranium deposits (Thibodeau et al. 2015).  108 

2.3. Current Study 109 
 110 

With permission from the White Mountain Apache Tribe,1 we revisited the Canyon 111 

Creek mine in 2013 in order to remap it and to collect new samples of turquoise for isotopic 112 

analysis. We report new findings on the scale of prehispanic turquoise mining operations at 113 

Canyon Creek, including evidence for a fourth turquoise mining area not identified in previous 114 

surveys. We present additional Pb and Sr isotopic measurements of turquoise collected from all 115 

four mining areas at Canyon Creek, and compare these to archaeological turquoise from multiple 116 

late prehispanic Ancestral Pueblo settlements in the region. Based on this comparison, we 117 

suggest that Canyon Creek turquoise is readily identifiable when present in archaeological 118 

assemblages. These findings clarify the source’s chronology of use and regional distribution of 119 

its product.  120 

3. FIELD METHODS AND OBSERVATIONS  121 

3.1. Mapping the Mine 122 
 123 

Welch and Triadan (1991) recorded three separate mining loci at Canyon Creek (Loci 1–124 

3, discussed below), while our fieldwork identified a fourth extraction site (Locus 0). The loci 125 

are dispersed along west-southwest facing slopes at elevations near 1200 m (3,940 ft.) amsl. 126 

Locus 0, the northernmost, is situated approximately 750 m north of Locus 3 (Figure 1).  127 

                                                
1 The White Mountain Apache Tribe’s historic preservation office approved of our work and 
tribal representatives accompanied our visit to the mine in May 2013. Unauthorized access to 
area is prohibited by tribal law. 
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We mapped Loci 1–3 by total station, compass, and measuring tape. Locus 0, discovered 128 

later, was recorded using compass, measuring tape, and handheld GPS. The tailings from Loci 0 129 

and 3 are on precipitous slopes; we thus approximate their extents using aerial imagery. Plan 130 

maps for each locus were assembled using ArcGIS software. We found the site to be intact and 131 

generally undisturbed, save for minimal evidence of twentieth-century prospecting (cf. Welch 132 

and Triadan, 1991). Turquoise was observed at all four loci, suggesting the quarries were worked 133 

primarily to extract the mineral. We found no evidence for the mining of other minerals. 134 

3.1.1. Locus 0 135 
 136 

Locus 0, previously unrecorded, comprises five discrete quarries (Quarries A–E) oriented 137 

(roughly) north to south and separated by approximately 120 m (Figure 2). The visible 138 

excavations are small, seemingly minor expansions of joints and recesses in the host rock, none 139 

measuring more than 5 m across (Figure 3). On the steep slope below these workings is a thin 140 

but laterally extensive tailings deposit of freshly broken talus that covers approximately 3,880 m2, 141 

an area exceeded only by the tailings of Locus 3 (Table 1, Figure 2). Though sparse, weathered 142 

nodules of turquoise are present in the talus, most 2 cm or less in size (see Figure 2, inset).  143 

Table 1. Total area of tailings for Loci 0–3. 144 
Mine	  Locus	   Area	  of	  Tailings	  (m2)	  
Locus	  0	   3,8801	  
Locus	  1	   9202	  
Locus	  2	   6002	  
Locus	  3	   4,7401	  

Mine	  Total	   10,140	  
1 Mapped using aerial imagery and ArcGIS software. 145 
2 Mapped via total station. 146 

 147 
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 148 
Figure 2. Locus 0, plan map and turquoise specimen (inset) from tailings. Basemap data come 149 
from the World Imagery map service available at ArcGIS.com. 150 
 151 
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 152 
Figure 3. Locus 0, Quarry A. The chaining pin (foreground, center) provides a general scale of 153 
reference. This and all subsequent photographs were taken by the authors. 154 

3.1.2. Locus 1 155 
 156 

Locus 1 lies approximately 380 m south of Locus 0 and was the focus of earlier research 157 

(Welch and Triadan, 1991). Observed activity areas include three small pits and two major 158 

tailings concentrations (Figure 4). The largest (central) pit measures roughly 6 x 10 x 1 m deep. 159 

The westernmost pit, measuring approximately 8 m2, adjoins a small, shallow adit that is 160 

excavated less than 1 m into the host rock. Total tailings from Locus 1 measure approximately 161 

920 m2 (Table 1). A smaller cluster of tailings (labeled “phase 2 tailings” in Figure 4) appear to 162 

post-date the larger, surrounding concentration (i.e., less weathered with less vegetation on them). 163 

These may be the remnants of twentieth-century exploratory excavations, although few recent 164 

artifacts were observed in the vicinity.165 
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 166 

 167 
Figure 4. Plan map, Locus 1. 168 

 169 
Welch and Triadan (1991:151) collected turquoise from the tailings, as well as in situ 170 

joints in the bedrock. We found no further turquoise in joints, though scattered and weathered 171 

nodules, all less than 1 cm in size, were observed in the tailings. Several stone tools—two diorite 172 

mauls and a hematite hammerstone—were noted west of the westernmost pit (Figure 5). A 173 

laminated sign, posted near the adit, identifies the mine as a White Mountain Apache Heritage 174 

site, and as such, a sacred and irreplaceable location (Welch, 2000:73). 175 

 176 
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 177 
Figure 5. Diorite maul (foreground) near the adit (background), Locus 1. The yellow sign (upper 178 
right) identifies the mine as a White Mountain Apache Heritage site. 179 

3.1.3. Locus 2 180 
 181 

Locus 2, smallest of the four loci, consists of a single trench and associated tailings 182 

(Figure 6). The trench is oriented east-west and measures roughly 2 x 7 m and up to 1.5 m deep. 183 

Tailings spread northward (downslope), covering an area of approximately 600 m2 (Table 1). 184 

Minute pieces of turquoise (1–3 mm) are present in the tailings, primarily near the western edge 185 

of the quarry. 186 
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 187 
Figure 6. Locus 2, facing south-southwest.  188 

3.1.4. Locus 3 189 
 190 

Locus 3 has the most intensive evidence of mining. Major components include four adits 191 

(Figure 7) near the base of a cliff face rising up to 15 m in height (Figure 8). Five roughly 192 

horizontal beds of hard red arkose alternate with four beds of soft brown shale (Figures 9). 193 

Shales 1, 2, and 4 are thin (2–10 cm), while Shale 3 is up to 20 cm thick. Shale 3 appears to have 194 

been the main turquoise-bearing stratum, though Shales 2 and 4 also contain some turquoise in 195 

places. The contact between the top of Shale 3 and the overlying arkose forms the near-196 

horizontal roofs of adits A–D; ripple marks from the upper surface of the shale can still be seen 197 

in the roofs. In the cliff face there are numerous thin vertical joints in the arkose. Joints that 198 

extend upward from Shale 3 are sometimes filled with a soft yellow material—likely iron 199 

hydroxides and perhaps jarosite–that still bears tiny nodules (1–2 mm) of bright blue turquoise. 200 

This observation suggests that copper-bearing solutions spread along the plane of weakness 201 
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represented by Shale 3, as well as through joints into Shales 2 and 4, with reactions between the 202 

solution and the shales forming the turquoise. Shales 3 and 4 seem to have been the primary 203 

sources of turquoise mined at Locus 3; we observed no evidence that Shale 2 was mined. 204 

The adits, labeled A–D (south to north) in Figure 7 appear to be the remnants of a 205 

formerly more extensive series of underground workings. The line denoted “crest of talus” on 206 

Figure 7 clearly marks an earlier, and fairly long-lasting, cliff face. All of the arkose blocks 207 

between this line and the present cliff face appear to result from relatively recent collapse.  Note 208 

also that all of the mining tools (diorite mauls) that were seen (plotted on Figure 7) lie outside of 209 

the crest of the talus. We therefore think that the underground workings originally extended to 210 

the former cliff face, which may explain the extent of associated tailings discussed below. 211 

 Adit A, largest of the four, measures 1.3–1.9 m in height and (up to) 9 m in horizontal 212 

depth. A bench, up to 1 m in width, runs approximately 5 m along the southern interior wall of 213 

the adit. A small cavity or niche was observed in the wall above the bench. Bedrock appears to 214 

have been removed along natural joints, though the original size of the cave is unknown in the 215 

wake of multiple episodes of turquoise extraction. 216 
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 217 
Figure 7. Plan map, Locus 3. 218 
 219 

 Adit B, opening approximately 1 m north of adit A, measures 0.8–1.18 m in height and 220 

6.0–6.5 m in horizontal depth. Like adit A, a small cavity (< 1 m in horizontal depth) was carved 221 

in the southern wall of adit B. Shaped interior walls resemble those of adit A.  222 

Adits C and D, significantly less substantial than adits A and B, measure 3.5 and 2.5–3.0 223 

m (horizontal depth) respectively. Both resemble shallow alcoves (rather than caves or adits) in 224 

their present state. A concentration of angular boulders (many > 1 m in diameter) near the 225 

opening of adit D suggests the roof of the alcove once extended further, but later collapsed (see 226 

above).  227 
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 228 
Figure 8. Locus 3, cliff face and openings to adits A–D. 229 
 230 

 231 
Figure 9. Measured section of the vertical cliff-face between the opening of adits A and B (see 232 
Figure 7). 233 
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Extensive tailings, measuring roughly 4,740 m2, spill downslope west of the adits (Figure 234 

10, see Table 1). Turquoise was observed in small quantities in the tailings, often attached to 235 

angular clasts of arkose, as well as in joints in the interior walls of adits (Figure 11). Several 236 

stone tools were found in what appears to have been a processing area at the top of the slope (see 237 

Figure 7).  238 

 239 
Figure 10. Extent of tailings, Locus 3. Basemap data come from the World Imagery map service 240 
available at ArcGIS.com. 241 

 242 
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 243 
Figure 11. Turquoise in a joint in red arkose at adit “A,” Locus 3. 244 

The cumulative volume of tailings associated with Locus 3 appears greater than the 245 

excavated volume of the adits, which leads us to suspect that the network of adits was, as noted 246 

above, originally much larger than they are today (Figure 9, Table1).  247 

3.2. Material Culture 248 
 249 

We observed material culture in limited quantities during fieldwork, all near Loci 1 and 3 250 

(see Figures 4, 5, and 7). Diorite mauls and flakes, the latter likely remnants of expedient tool 251 

production, dominated noted specimens. Most mauls appear battered at distal edges (see also 252 

Welch and Triadan, 1991:151). Two hammerstones were also observed (one at Locus 1, the 253 

other at Locus 3). Welch and Triadan (1991:152) recorded greater numbers during earlier work, 254 

including “16 whole or fragmentary diorite mauls, numerous edge-damaged diorite flakes, and a 255 

sparse scatter of cryptocrystalline chipped stone debitage among tailings and excavations.” It is 256 

likely that many more implements and artifacts were collected historically. According to Haury 257 

(1934:15), “Early visitors report that stone implements, battered and worn from heavy work, lay 258 

scattered about in great profusion. Most have since been carried away.” More recently, 259 

Agenbroad (1982:44) writes of a local rancher who “visited the site and collected stone picks 260 
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used in this deposit by prehistoric miners.” 261 

The tools observed at Canyon Creek are consistent with those found at other prehispanic 262 

mines in the American Southwest. Snow (1973:35) notes that “(t)he [ancient] mining of 263 

turquoise was a relatively simple but tedious process, involving a few types of tools which could 264 

be quickly produced on the spot … Hammers and mauls … are the most common tools at quarry 265 

sites.” There is no evidence to suggest restriction of access to the mine and its resources (Welch 266 

and Triadan, 1991:158–159). Operations were seemingly “unsystematic, almost haphazard,” 267 

involving modest mining groups employing expedient tool technology (Welch and Triadan, 268 

1991:158; see also Snow, 1973). As observed by Welch and Triadan (1991:159), “(t)he size, 269 

setting, and structure of the quarries are more consistent with the more parsimonious 270 

expeditionary model of resource extraction involving small work parties removing turquoise 271 

over the course of many years.” 272 

4. ESTIMATING SIZE AND LABOR INTENSITY 273 
 274 

Newly recorded workings indicate considerably more expansive mining operations at 275 

Canyon Creek than were previously known. The discovery of Locus 0 increases estimates of 276 

total mine output by more than 25 percent over those suggested by Welch and Triadan (1991). 277 

Tailings from Locus 0 cover an area of nearly 4,000 m2 (Table 1), an extent exceeded only by the 278 

tailings of Locus 3. Locus 0 was clearly a major focus of mining activity at the site. Use of a total 279 

station further improved precision when recording tailings at Loci 1 and 2 (tailings from Loci 0 280 

and 3 mapped via aerial imagery), which increased dimensions over those recorded earlier (cf. 281 

Welch and Triadan, 1991:150–151). 282 
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Using measurements of tailings from Loci 1–3, Welch and Triadan (1991:153–154) 283 

calculated 3,000 workdays as a minimum estimate for labor invested at the mine.2 The measure 284 

incorporates (then triples) estimated quantities of bedrock excavated, processed, and discarded at 285 

Locus 1. In brief, based on tailings recorded during fieldwork,3 Welch and Triadan (1991:153) 286 

estimated that at least  “560 cu m of … bedrock was excavated, processed for turquoise 287 

extraction, and discarded at Locus One,” and, based on the density of Dripping Spring Quartzite 288 

(ca. 2.5 g/cu cm or 2,500 kg/cu m), calculated a minimum of 825 work days required for the 289 

removal of bedrock at Locus 1. They further add, “because we ignore labor for both removing 290 

the excavated quartzite from the pits … and culling bluestone from the blocks, 1,000 work days 291 

is a modest estimate of the labor invested at Locus One” (Welch and Triadan, 1991:153). 292 

By comparison, we recorded tailings totaling 920 m2 at Locus 1 in 2013 (Table 1, Figure 293 

4), an area requiring an estimated 1,353 work days for removal, if we adopt Welch and Triadan’s 294 

formula and incorporate an average tailings depth of 1 m (for a volume of 920 m3). Using 295 

measurements obtained via total station (Loci 1 and 2) and aerial imagery (Loci 0 and 3), we 296 

calculated a total volume of 10,140 m3 (10,140 m2 x 1 m average depth) for combined tailings 297 

from the mine (Table 1). This quantity required an estimated labor investment of nearly 15,000 298 

days ([10,140 x 2.5] / 1.7 = 14,912, again applying the aforementioned formula), which increases 299 

Welch and Triadan’s total estimate by nearly fivefold. All told, the mine’s output was likely 300 

significantly greater than previously calculated. 301 

                                                
2 Calculated using Erasmus’ (1965) formula for limestone excavation: 1,700 kg of limestone per 
day. 
3 Measuring approximately 70 m long by 8 m wide by (an estimated average) of 1 m deep (“to 
account for space between cobbles and boulders”) (Welch and Triadan, 1991:153). 
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5. PROVENANCE ANALYSIS 302 

5.1 Samples and Methods 303 
 304 

Determining the distribution of Canyon Creek turquoise in the archaeological record 305 

requires finding a geochemical tracer that can link turquoise artifacts to the mine. Thibodeau and 306 

colleagues (2015) measured the Pb and Sr isotopic ratios turquoise from Locus 1 and found 307 

isotopic ratios that were distinct from all other known mines in the American Southwest 308 

(Thibodeau et al., 2015). To more completely characterize the mine’s isotopic signature, we 309 

collected 14 new turquoise nodules from tailings adjacent to quarries at Loci 0, 2, and 3 (e.g., 310 

Figure 2, inset).  311 

Small fragments of every sample were analyzed by SEM-EDX at Dickinson College to 312 

ensure all geological samples were turquoise and not another, similar looking, blue-green 313 

mineral. Pb and Sr isotopic ratios of all samples were analyzed in the Department of Geosciences 314 

at the University of Arizona according the methods described by Thibodeau and colleagues 315 

(2015). Pb isotope ratios were measured using an IsoProbe multi-collector inductively coupled 316 

plasma mass spectrometer (MC-ICP-MS). Errors on Pb isotope measurements are calculated 317 

from the external reproducibility of the NIST-981 standard (National Institute of Standards and 318 

Technology); errors for all samples are between 0.01 and 0.04 percent (2SD). Sr isotopic ratios 319 

were measured using a VG Sector 54 thermal ionization mass spectrometer (TIMS) in dynamic 320 

collection mode. Mass fractionation was corrected using 86Sr/88Sr ratio of 0.1194. The average 321 

87Sr/86Sr ratio of the NIST-987 standard over all runs was 0.710264 +/- 0.00002. 322 

5.2. Isotopic Composition of Canyon Creek Turquoise 323 
 324 
 New analyses of turquoise from Loci 0, 2, and 3 confirm the findings of Thibodeau and 325 

colleagues (2015) while also indicating significant Pb isotopic variation among the four loci that 326 
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constitute the Canyon Creek source (Figure 11, Table 2). Pb isotopic ratios become progressively 327 

less radiogenic (i.e., 206Pb/204Pb and 207Pb/204Pb ratios decrease) from north to south. Turquoise 328 

nodules from Locus 0 (the northernmost locus) have the highest 206Pb/204Pb and 207Pb/204Pb 329 

ratios yet in measured in samples of Canyon Creek turquoise (Figure 11, see also Figure 2). 330 

Samples from Locus 3 (the southernmost locus) have, by far the lowest 206Pb/204Pb, 207Pb/204Pb, 331 

and 208Pb/204Pb ratios (Figure 12, Table 2). Despite the very large range of Pb isotope ratios 332 

measured, however, all samples fall along a single linear array on a 206Pb/204Pb and 207Pb/204Pb 333 

plot.  334 

 335 
Figure 12. 207Pb/204Pb vs. 206Pb/204Pb plots for Canyon Creek samples (see Table 2). Gray circles 336 
show measurements for analyzed geologic samples from other sources throughout the American 337 
Southwest (from Thibodeau 2012; Thibodeau et al. 2015) (analytical errors are smaller than 338 
displayed symbols). 339 
 340 
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 While most of the analyzed samples from Loci 0, 1, and 2 have Pb isotope ratios that are 341 

unique to Canyon Creek, samples from Locus 3 have Pb isotope ratios that are similar to other 342 

turquoise deposits, particularly in southeastern Arizona and along the Rio Grande Rift (see 343 

Thibodeau et al., 2015). Thus, while turquoise mined from Loci 0, 1, and 2 should be easily 344 

recognized in archaeological assemblages based solely on measurements of Pb isotopes, 345 

turquoise from Locus 3 may be more difficult to identify definitively.  346 

In contrast to Pb isotope ratios, there is no notable difference in the range of 87Sr/86Sr 347 

values measured at the various loci (Table 2). The lowest 87Sr/86Sr ratio measured on a geologic 348 

sample is 0.71252 (Locus 3), while the highest is 0.72139 (Locus 2).  349 
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Table 2. Isotopic measurements for Canyon Creek samples. 350 
	  	   87Sr/86Sr	   206Pb/204Pb	   207Pb/204Pb	   208Pb/204Pb	   	  	  

CC-‐L0-‐1	   0.71955	   N.D.	   N.D.	   N.D.	  

LOCUS	  0	  

CC-‐L0-‐2	   0.71419	   23.575	   15.994	   40.209	  
CC-‐L0-‐3	   0.71345	   25.043	   16.123	   40.327	  
CC-‐L0-‐4	   0.71804	   25.126	   16.110	   40.610	  
CC-‐L0-‐5	   0.71289	   21.037	   15.797	   39.097	  
AVG	   0.71562	   23.695	   16.006	   40.061	  
STDV	   0.00298	   1.910	   0.151	   0.664	  
MAX	   0.71955	   25.126	   16.123	   40.610	  
MIN	   0.71289	   21.037	   15.797	   39.097	  

CC-‐L1-‐1*	   0.71659	   23.377	   16.020	   40.920	  

LOCUS	  1	  

CC-‐L1-‐2*	   N.D.	   20.824	   15.763	   40.069	  
CC-‐L1-‐3*	   N.D.	   23.570	   16.002	   40.761	  
CC-‐L1-‐4*	   0.71382	   23.843	   16.042	   42.186	  
CC-‐L1-‐5*	   0.71490	   22.678	   15.935	   41.147	  
CC-‐L1-‐6*	   0.71462	   23.645	   16.021	   41.848	  
CC-‐L1-‐7*	   0.72127	   22.899	   15.945	   40.727	  
CC-‐L1-‐8*	   0.71283	   N.D.	   N.D.	   N.D.	  
AVG	   0.71567	   22.977	   15.961	   41.094	  
STDV	   0.00301	   1.036	   0.096	   0.718	  
MAX	   0.72127	   23.843	   16.042	   42.186	  
MIN	   0.71283	   20.824	   15.763	   40.069	  

CC-‐L2-‐1	   0.72036	   21.792	   15.877	   40.730	  

LOCUS	  2	  

CC-‐L2-‐2	   0.71330	   19.081	   15.651	   38.706	  
CC-‐L2-‐3	   0.71274	   21.805	   15.870	   40.613	  
CC-‐L2-‐4	   0.71295	   21.680	   15.873	   40.728	  
CC-‐L2-‐5	   0.71304	   22.173	   15.896	   40.794	  
AVG	   0.71447	   21.306	   15.834	   40.314	  
STDV	   0.00329	   1.258	   0.102	   0.901	  
MAX	   0.72036	   22.173	   15.896	   40.794	  
MIN	   0.71274	   19.081	   15.651	   38.706	  

CC-‐L3-‐1*	   0.71448	   19.264	   15.657	   38.917	  

LOCUS	  3	  

CC-‐L3-‐2	   0.71735	   20.576	   15.776	   39.944	  
CC-‐L3-‐3	   0.71492	   18.573	   15.607	   38.425	  
CC-‐L3-‐4	   0.72139	   19.150	   15.664	   38.818	  
CC-‐L3-‐5	   0.71256	   18.555	   15.601	   38.635	  
AVG	   0.71614	   19.224	   15.661	   38.948	  
STDV	   0.00339	   0.823	   0.070	   0.587	  
MAX	   0.72139	   20.576	   15.776	   39.944	  
MIN	   0.71256	   18.555	   15.601	   38.425	  

*Data from Thibodeau et al. 2015 351 
N.D. = measurement not determined 352 
 353 
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5.3. Isotopic Analysis of Archaeological Turquoise 354 
 355 

As noted above, previous research suggests Canyon Creek turquoise was mined by the 356 

inhabitants of Grasshopper Pueblo, a nearby settlement occupied during the thirteenth and 357 

fourteenth centuries AD (Welch and Triadan 1991). Building upon this insight, and seeking to 358 

further assess the spatiotemporal distribution of turquoise from the source, we compare the 359 

signatures of the geologic samples from Canyon Creek to the isotopic ratios of 94 turquoise 360 

artifacts from 12 late prehispanic Ancestral Pueblo settlements in eastern Arizona and western 361 

New Mexico, including Grasshopper Pueblo.4 This comparison suggests that turquoise from 362 

Canyon Creek is present in archaeological assemblages from multiple sites, some located more 363 

than 100 km from the mine (Table 3). Of the 94 analyzed artifacts, more than a third (n=34) are 364 

inferred to derive from the Canyon Creek source based on Pb and Sr isotopes (Table 4).  365 

Table 3. Archaeological sites with Canyon Creek turquoise, their span of occupation, and 366 
distances from the mine. 367 

Site	  Name	  
(Site	  No.)	  

Distance	  from	  
Canyon	  Creek	  (km)	  

Occupation	  
Period	  

Reference(s)	  

Bailey	  Ruin	  (AZ	  P:11:1[ASM])	   59	   AD	  1275–1325	   Mills	  et	  al.	  1999	  
Homol’ovi	  I	  (AZ	  J:14:3[ASM])	   135	   AD	  1285–1390	   Adams	  2002	  
Grasshopper	  Pueblo	  (AZ	  P:14:1[ASM])	   27	   AD	  1275–1400	   Reid	  and	  Whittlesey	  1999	  
Kinishba	  (AZ	  V:4:1[ASM])	   55	   AD	  1300–1400	   Cummings	  1940;	  Welch	  2013	  
Nuvakwewtaqa	  (AZ	  O:4:1[ASU])	   115	   AD	  1250–1385	   Brown	  1990	  
Point	  of	  Pines	  (AZ	  W:10:50[ASM])	   100	   AD	  1300–1400	   Haury	  1989	  

 368 

Turquoise consistent with that of Canyon Creek is particularly prevalent at Grasshopper 369 

Pueblo (17 of 18 analyzed specimens), and is present in the analyzed assemblages of five 370 

additional Ancestral Pueblo sites, most located in the Mogollon Rim vicinity of east-central 371 

Arizona: Bailey Ruin, Homol’ovi I, Kinishba Pueblo, Nuvakwewtaqa (Chavez Pass), and Point 372 

                                                
4 Laboratory procedures for archaeological samples followed the same protocol outlined for 
geologic samples (see also Thibodeau and colleagues, 2015). Isotopic measurements for all 
analyzed artifacts (n=94) are provided in Hedquist, 2017. 
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of Pines (Figure 13, see also Tables 3 and 4). All were occupied between AD 1250–1400, 373 

implying that use of the Canyon Creek mine dates back at least 600 years. Two decorated sherds 374 

of Pinedale Black-on-white—found approximately 400 m northeast of Locus 3 during our 2013 375 

visit (the only decorated ceramics known in the vicinity)—also date to the thirteenth and 376 

fourteenth centuries AD (Hays-Gilpin and van Hartesveldt 1998).  377 

 378 
Figure 13. 207Pb/204Pb vs. 206Pb/204Pb plots comparing Canyon Creek and archaeological samples 379 
(analytical errors are smaller than displayed symbols). Inset shows the spatial distribution of 380 
archaeological sites mentioned in the text.381 
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Table 4. Isotopic Measurements for Analyzed Artifacts Inferred to Derive from Canyon Creek (see also Figure 12). 382 
Artifact	  ID	   Site	  Name	   Artifact	  Type	   Curation	  

Facility	  
87Sr/86Sr	   206Pb/204Pb	   207Pb/204Pb	   208Pb/204Pb	   Inferred	  

Locus	  

FS	  100	   Bailey	  Ruin	  
amorphous	  nodule,	  
minimally	  worked	   ASM	   0.71340	   22.985	   15.977	   41.693	   0	  or	  1	  

FS	  3032	   Bailey	  Ruin	  
amorphous	  nodule,	  
minimally	  worked	   ASM	   0.71420	   20.783	   15.782	   39.464	   0,	  1,	  or	  2	  

FS	  4059	   Bailey	  Ruin	   tessera	   ASM	   0.71373	   22.719	   15.948	   41.447	   0	  or	  1	  

A-‐23899	   Grasshopper	  
Pueblo	   tessera	   ASM	   0.71113	   24.402	   16.042	   40.721	   0	  or	  1	  

A-‐34330(a)	  
Grasshopper	  

Pueblo	   tessera	   ASM	   0.71133	   26.211	   16.188	   40.598	   0	  or	  1	  

A-‐34330(b)	  
Grasshopper	  

Pueblo	   tessera	   ASM	   0.71263	   23.919	   15.977	   40.856	   0	  or	  1	  

A-‐35588(a)	   Grasshopper	  
Pueblo	  

tessera	   ASM	   0.71544	   22.692	   15.942	   41.237	   0	  or	  1	  

A-‐35588(b)	   Grasshopper	  
Pueblo	  

tessera	   ASM	   0.71996	   24.188	   16.066	   41.595	   0	  or	  1	  

A-‐35632(a)	   Grasshopper	  
Pueblo	   tessera	   ASM	   0.71166	   23.574	   15.971	   40.877	   0	  or	  1	  

A-‐35632(b)	  
Grasshopper	  

Pueblo	   tessera	   ASM	   0.71106	   27.556	   16.230	   40.752	   0	  or	  1	  

A-‐35632(c)	  
Grasshopper	  

Pueblo	   tessera	   ASM	   0.71197	   25.909	   16.166	   40.685	   0	  or	  1	  

FN	  1065(a)	   Grasshopper	  
Pueblo	  

tessera	  blank	   ASM	   0.71749	   19.538	   15.614	   39.048	   3	  

FN	  1065(b)	   Grasshopper	  
Pueblo	  

amorphous	  pebble,	  
minimally	  worked	  

ASM	   0.71175	   19.585	   15.620	   38.981	   3	  

FN	  1065(c)	   Grasshopper	  
Pueblo	  

amorphous	  nodule,	  
partially	  worked	  

ASM	   0.71003	   26.929	   16.242	   40.584	   0	  or	  1	  

FN	  1493	  
Grasshopper	  

Pueblo	   pendant	  blank	   ASM	   0.71179	   18.895	   15.582	   38.796	   3	  

FN	  1560	  
Grasshopper	  

Pueblo	   pendant	  blank	   ASM	   0.71116	   19.744	   15.635	   39.032	   3	  

FN	  1567	  
Grasshopper	  

Pueblo	  
amorphous	  nodules,	  
partially	  worked	   ASM	   0.71340	   19.280	   15.592	   38.634	   3	  
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Artifact	  ID	   Site	  Name	   Artifact	  Type	  
Curation	  
Facility	  

87Sr/86Sr	   206Pb/204Pb	   207Pb/204Pb	   208Pb/204Pb	  
Inferred	  
Locus	  

FN	  1592	   Grasshopper	  
Pueblo	  

amorphous	  nodule,	  
partially	  worked	  

ASM	   0.71092	   19.579	   15.622	   38.888	   3	  

FN	  1654(a)	   Grasshopper	  
Pueblo	  

tessera	  blank	   ASM	   0.71007	   27.123	   16.233	   40.577	   0	  or	  1	  

FN	  1654(b)	   Grasshopper	  
Pueblo	   tessera	  blank	   ASM	   0.70988	   23.795	   16.001	   39.781	   0	  or	  1	  

PD	  2037,	  FS	  16(a)	   Homol'ovi	  I	   tessera	   ASM	   0.70942	   23.630	   16.007	   40.750	   0	  or	  1	  

PD	  2037,	  FS	  16(b)	   Homol'ovi	  I	   tessera	   ASM	   0.7113	   24.090	   16.072	   41.878	   0	  or	  1	  
PD	  2037,	  FS	  16(c)	   Homol'ovi	  I	   tessera	   ASM	   0.70934	   27.191	   16.246	   40.551	   0	  or	  1	  

PD	  2037,	  FS	  16(d)	   Homol'ovi	  I	   tessera	   ASM	   0.70979	   26.830	   16.210	   40.710	   0	  or	  1	  
5821	   Kinishba	   pendant	  blank	   ASM	   0.71280	   18.543	   15.602	   37.874	   3	  

25753	   Kinishba	   tessera	  blank	   ASM	   0.71240	   24.204	   16.085	   42.206	   0	  or	  1	  

1978.04.51	   Nuvakwewtaqa	   pendant	  fragment	   ARI	   0.71025	   18.998	   15.628	   39.261	   3	  
1981.04.28	   Nuvakwewtaqa	   tessera	   ARI	   0.70951	   21.336	   15.825	   39.471	   0,	  1,	  or	  2	  

1981.04.32	   Nuvakwewtaqa	   bead	  fragment	   ARI	   0.71018	   20.063	   15.642	   39.502	   3	  
1981.04.33	   Nuvakwewtaqa	   tessera	   ARI	   0.71033	   22.769	   15.947	   43.696	   1	  

A-‐10470	   Point	  of	  Pines	   tessera	  blank	   ASM	   0.71963	   22.595	   15.943	   41.283	   0	  or	  1	  

A-‐15519	   Point	  of	  Pines	   tessera	  blank	   ASM	   0.71070	   26.174	   16.178	   40.419	   0	  or	  1	  
A-‐6559	   Point	  of	  Pines	   pendant	  fragment	   ASM	   0.71337	   25.579	   16.131	   40.135	   0	  or	  1	  

A-‐8025	   Point	  of	  Pines	   tessera	   ASM	   0.70988	   26.037	   16.176	   40.621	   0	  or	  1	  

*ASM=Arizona State Museum (Tucson, Arizona) 383 
**ARI=Archaeological Research Institute (Tempe, Arizona)384 
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Limited historic interest in of the mine is suggested by what are presumed to be 385 

exploratory quarries (shallow, secondary workings) at Locus 1, as well as by a box of dynamite 386 

observed at the site (locus not specified) in the early twentieth century (Welch and Triadan 1991). 387 

However, we observed only one diagnostic historic artifact (fragmented head of a metal pick-388 

axe) during recent recording efforts. No evidence yet suggests use of the mine predated the 389 

thirteenth century AD. 390 

5.5. Isotopic Analysis of Archaeological Turquoise: Additional Insights 391 
 392 

Measurements of archaeological specimens provide additional insights about the isotopic 393 

signature of the Canyon Creek source. Twenty-four of the analyzed artifacts have extremely 394 

radiogenic Pb isotope ratios that uniquely tie them to Canyon Creek, most likely Loci 0 or 1. 395 

Nearly all are tesserae (small, often rectangular tiles) or tesserae blanks (unfinished pieces) 396 

(Figure 14, see also Table 4, Figure 13). 397 

 398 

 399 
Figure 14. Tesserae and tesserae blanks from Grasshopper Pueblo (FN 1654[a] and A-35632[a]), 400 
Kinishba (A-8025), and Point of Pines (25753). All have Pb isotope ratios uniquely consistent 401 
with geologic samples from Loci 0 or 1 (see Figure 12, Table 3). Compare images to Figure 2, 402 
inset. 403 

 404 
Several artifacts actually have higher 206Pb/204Pb and 207Pb/204Pb ratios than have been 405 

measured in geologic samples. These do, however, extend along the same linear array on a 406 
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206Pb/204Pb vs. 207Pb/204Pb plot, and thus almost certainly derive from the Canyon Creek quarries. 407 

A number of artifacts with Pb isotope ratios that clearly tie them to the Canyon Creek quarries 408 

have lower 87Sr/86Sr ratios than have yet been measured in the geological samples from the mine. 409 

For example, the lowest 87Sr/86Sr ratio of geological samples is 0.71256, while the lowest ratio 410 

measured in an artifact traced to Canyon Creek by lead isotopes is 0.70934 (Homol’ovi I). 411 

Although we cannot definitely identify the reason for this discrepancy, we suggest that the 412 

turquoise artifacts may have less associated matrix than the geological samples we analyzed, 413 

which could affect Sr isotopic ratios. Whatever the reason, archaeological samples indicate that 414 

the range of 87Sr/86Sr ratios in Canyon Creek turquoise may extend to lower values than currently 415 

indicated by the geologic data. 416 

Artifacts other than tesserae (pendants and pendant blanks) have very different isotopic 417 

ratios (Figure 15, see also Table 4, Figure 13). For the most part, they have Pb and Sr isotope 418 

ratios that are similar to (although not an exact match for) geologic samples from Locus 3. We 419 

believe the pendants and pendant blanks in Table 4 most likely derive from Canyon Creek, and 420 

specifically Locus 3 (see Supplemental Documentation for additional discussion and 421 

justification), but acknowledge that they are slightly offset from our geologic samples. Turquoise 422 

mined from Loci 0 and 1, on the other hand, should be easily identifiable when present in 423 

archaeological assemblages. 424 



 30 

 425 
Figure 15. Broken pendant and pendant blank from Grasshopper Pueblo. Both have isotopic 426 
compositions similar to geologic samples from Locus 3 (see also Figure 12, Table 3). 427 
 428 

Ancient uses of turquoise from different loci may have been affected by the quality of 429 

turquoise extracted. The less substantial quarries at Loci 0 and 1, for example, may have yielded 430 

smaller fragments more amenable to tesserae production, which is consistent with our 431 

observations of diminutive nodules in the talus of these areas.  In contrast, the sizeable worked-432 

out veins at Locus 3 (e.g., Figure 16) may have once yielded fragments suitable for larger 433 

ornaments.  434 

 435 
Figure 16. Mined vein visible in Locus 3, adit B. 436 
 437 
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6. CONCLUSION 438 
 439 

Previous researchers have described the Canyon Creek mine as a minor or insignificant 440 

source of turquoise (Johnston, 1966; Snow, 1973; Weigand and Harbottle, 1993). Our 441 

investigations support the contrary, indicating the mine was considerably larger than previously 442 

known. Intensive field investigations suggest that mining at the site involved a minimum of 443 

15,000 person-days.  444 

Isotopic analyses indicate that turquoise from Canyon Creek, and particularly turquoise 445 

from Loci 0 and 1, is distinct from that of other mines in the American Southwest. Further, the 446 

unique lead isotopic signature of these quarries is readily identifiable in archaeological 447 

assemblages. Collectively, archaeological and isotopic data expand upon earlier assessments (see 448 

Welch and Triadan 1991), and confirm the mine was an important source of turquoise for 449 

thirteenth- and fourteenth-century inhabitants of the Mogollon Rim vicinity of east-central 450 

Arizona. Pb and Sr isotopic ratios suggest that Canyon Creek turquoise was transported at least 451 

135 km from the mine. It is particularly abundant, both as raw material and as partially-worked 452 

and finished ornaments, at the large fourteenth-century village of Grasshopper Pueblo, located 453 

less than 30 km from the mine.  454 

No absolute (e.g., radiocarbon) dates have yet been obtained from the mine at Canyon 455 

Creek, and we see no prospect of collecting any in the future. The history of the mine must 456 

therefore be derived from turquoise excavated from other sites that is: (1) inferred to have been 457 

mined at Canyon Creek by isotopic analysis; and (2) found in datable archaeological contexts. At 458 

present we have identified Canyon Creek turquoise in contexts dated by dendrochronology and 459 

decorated ceramics, all between AD 1275 and 1400.   460 
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 While providing data on prehispanic mining that are analogous to that of several other 461 

well-studied turquoise sources (e.g., those at Cerrillos [Warren and Mathien 1985] and Halloran 462 

Springs [Leonard and Drover 1980]), our investigations go beyond previous studies by providing 463 

isotopic “fingerprints” for turquoise from Canyon Creek (for isotopic “fingerprints” of turquoise 464 

from Cerrillos, Halloran Springs, and other sources in the American Southwest, see Thibodeau et 465 

al., 2015). This study thus provides a framework for future investigations of the production and 466 

circulation of turquoise in the prehispanic American Southwest and beyond.  467 
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