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INTRODUCTION

The analysis here of 56 obsidian artifacts from a number of sites and isolates in various
contexts in southern New Mexico indicates a diverse obsidian provenance assemblage
dominated by the recently discovered southern Mogollon-Datil Volcanic Province source of
archaeological obsidian in Sierra County, New Mexico near the Nutt Mountain rhyolite dome.
Other sources include both source groups from Mount Taylor, three source groups from Mule
Creek, the three major sources in the Jemez Mountains (the former all in New Mexico), Cow
Canyon, eastern Arizona, Antelope Wells (New Mexico and Chihuahua) and Los Jaguéyes,
Chihuahua. Following is a discussion of the results and a brief discussion of the Sierra County

source.

LABORATORY SAMPLING, ANALYSIS AND INSTRUMENTATION

All archaeological samples are analyzed whole. The results presented here are
quantitative in that they are derived from "filtered" intensity values ratioed to the appropriate x-
ray continuum regions through a least squares fitting formula rather than plotting the proportions
of the net intensities in a ternary system (McCarthy and Schamber 1981; Schamber 1977). Or
more essentially, these data through the analysis of international rock standards, allow for inter-
instrument comparison with a predictable degree of certainty (Hampel 1984; Shackley 2011).

All analyses for this study were conducted on a ThermoScientific Quant’X EDXRF
spectrometer, located in the Archaeological XRF Laboratory, Albuquerque, New Mexico. It is
equipped with a thermoelectrically Peltier cooled solid-state Si(Li) X-ray detector, with a 50 kV,
50 W, ultra-high-flux end window bremsstrahlung, Rh target X-ray tube and a 76 pm (3 mil)
beryllium (Be) window (air cooled), that runs on a power supply operating 4-50 kV/0.02-1.0 mA
at 0.02 increments. The spectrometer is equipped with a 200 1 min~' Edwards vacuum pump,

allowing for the analysis of lower-atomic-weight elements between sodium (Na) and titanium
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(Ti). Data acquisition is accomplished with a pulse processor and an analogue-to-digital
converter. Elemental composition is identified with digital filter background removal, least
squares empirical peak deconvolution, gross peak intensities and net peak intensities above
background.

The analysis for mid Zb condition elements Ti-Nb, Pb, Th, the x-ray tube is operated at
30 kV, using a 0.05 mm (medium) Pd primary beam filter in an air path at 200 seconds livetime
to generate x-ray intensity Ka-line data for elements titanium (Ti), manganese (Mn), iron (as
Fe,0;"), cobalt (Co), nickel (Ni), copper, (Cu), zinc, (Zn), gallium (Ga), rubidium (Rb),
strontium (Sr), yttrium (Y), zirconium (Zr), niobium (Nb), lead (Pb), and thorium (Th). Not all
these elements are reported since their values in many volcanic rocks are very low. Trace
element intensities were converted to concentration estimates by employing a least-squares
calibration line ratioed to the Compton scatter established for each element from the analysis of
international rock standards certified by the National Institute of Standards and Technology
(NIST), the US. Geological Survey (USGS), Canadian Centre for Mineral and Energy
Technology, and the Centre de Recherches Pétrographiques et Géochimiques in France
(Govindaraju 1994). Line fitting is linear (XML) for all elements. When barium (Ba) is acquired
in the High Zb condition, the Rh tube is operated at 50 kV and up to 1.0 mA, ratioed to the
bremsstrahlung region (see Davis 2011; Shackley 2011). Further details concerning the
petrological choice of these elements in Southwest obsidians is available in Shackley (1988,
1995, 2005; also Mahood and Stimac 1991; and Hughes and Smith 1993). Nineteen specific
pressed powder standards are used for the best fit regression calibration for elements Ti-Nb, Pb,
Th, and Ba, include G-2 (basalt), AGV-2 (andesite), GSP-2 (granodiorite), SY-2 (syenite),
BHVO-2 (hawaiite), STM-1 (syenite), QLO-1 (quartz latite), RGM-1 (obsidian), W-2 (diabase),

BIR-1 (basalt), SDC-1 (mica schist), TLM-1 (tonalite), SCO-1 (shale), NOD-A-1 and NOD-P-1
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(manganese) all US Geological Survey standards, NIST-278 (obsidian), U.S. National Institute
of Standards and Technology, BE-N (basalt) from the Centre de Recherches Pétrographiques et
Géochimiques in France, and JR-1 and JR-2 (obsidian) from the Geological Survey of Japan
(Govindaraju 1994).

The data from the WinTrace software were translated directly into Excel for Windows
software for manipulation and on into SPSS for Windows for statistical analyses. In order to
evaluate these quantitative determinations, machine data were compared to measurements of
known standards during each run. RGM-1 a USGS obsidian standard is analyzed during each
sample run for obsidian artifacts to check machine calibration (Table 1). Source assignments
were made with reference to Shackley (1995, 2005) and source standard data at this lab (Table 1,
and Figures 1 through 5).

DISCUSSION

The source provenance of obsidian artifacts is quite diverse in this assemblage. Most of
the known sources in New Mexico are present, as well as Arizona and Chihuahua (Tables 1 and
2; Figures 1-4). The dominance of the newly discovered source in Sierra County is likely due to
proximity to these sites. Artifacts produced from Cerro Toledo Rhyolite, EI Rechuelos, Grants
Ridge/Horace Mesa can all be found in Rio Grande Quaternary alluvium (Church 2000;
Shackley 2012). All the Mule Creek sources, and Cow Canyon have eroded into the San
Francisco/Gila River system at least as far west as Geronimo, Arizona (Shackley 2005). Valles
Rhyolite has not eroded out of Valles Caldera in any real size, and not south of Albuquerque,
and Los Jagu€yes may erode north into the Rio Casas Grandes (Shackley 2005, 2012). The one
"unknown" I have not seen in other assemblages in the Southwest.

The Mogollon-Datil Volcanic Province Obsidian
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Recent research at Mule Creek and the newly discovered Sierra County source, as well as
earlier work at Gwynn/Ewe Canyons in the Mogollon Mountains indicates close similarity at the
elemental level for these sources (Shackley 2005, 2010). Given the popularity of the Mule
Creek sources throughout prehistory, careful discrimination is required, at least in XRF analyses.
The Mule Creek Source Area

The Mule Creek Source Region is one of the most geologically explored archaeological
sources of obsidian in the American Southwest (Brooks and Ratt¢ 1985; Ratté 1982; Ratté and
Brooks 1983, 1989; Ratté¢ and Hedlund 1981; Rhodes and Smith 1972; Figure 3.5). Ratté has
organized most of the research in the area focusing on mapping and establishing the origin of the
volcanics during the Tertiary as originally described by Rhodes and Smith (1972). This region,
which is on the boundary between the Basin and Range complex to the west and southwest, and
the southeastern edge of the Colorado Plateau, exhibits a silicic geology that is somewhat
distinctive from the decidedly peraluminous glass of Cow Canyon with relatively high strontium
values and the distinct chemical variability of the Mule Creek glasses (Elston et al. 1976; Ratté
et al. 1984; Rhodes and Smith 1972; Shackley 2005). The province has been named Mogollon-
Datil for its location and major floristic association (Elston et al. 1976). The region is, in part,
characterized by pre-caldera andesites and later high-silica alkali rhyolites in association with
caldera formation, subsequent collapse and post-caldera volcanism. Most recently, fieldwork
and chemical analyses by Ratté and Brooks (1989) lead them to conclude that the Mule Creek
Caldera is actually just a graben, although the typical succession from intermediate to silicic
volcanism apparently holds. Recent geological work by me and the Keck Foundation field
school suggests that Mule Creek could actually be a remnant caldera around 20 ma in age.

The obsidian has been directly dated at the Antelope Creek locality to 17.7+0.6 mya by

K-Ar, and at the Mule Mountain locality at the same age (17.7+1 mya by K-Ar; Ratté and
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Brooks 1983, 1989). A single obsidian marekanite taken from the perlitic lava at the Antelope
Creek locality was used in the analysis. Unusual in geological descriptions, the obsidian proper
was discussed as an integral part of the regional geology.

Rhyolite of Mule Creek (Miocene). Aphyric, high-silica, alkali-rhyolite domal

flows from the Harden Cienega eruptive center along southwestern border of

quadrangle [Wilson Mountain 1:24,000 Quad, New Mexico; Figure 4 here]. Unit

ob, commonly at the base of the flows, consists of brown, pumiceous glass that

grades upward into gray to black perlitic obsidian and obsidian breccia.

Extensive ledges of partly hydrated, perlitic obsidian contain nonhydrated

obsidian nodules (marekanites) which, when released by weathering, become the

Apache tears that are widespread on the surface and within the Gila Conglomerate

in this region. Age shown in Correlation is from locality about 1 km south of tank

in Antelope Creek in Big Lue Mountains quadrangle adjacent to west edge of

Wilson Mountain quadrangle. Thickness of flows is as much as 60 m and unit ob

as much as 25 m (Ratté¢ and Brooks 1989:map text, bold as in original).

This description adequately characterizes what is found at the other two primary
localities (Mule Mountains, and Mule Creek/North Sawmill Creek). Aphyric, artifact quality
marekanites are remnant within perlitic glass and tuff lava units. Nodules at all localities are up
to 15 cm in diameter although most are under 10 cm. The devitrified perlitic lava, quite friable,
erodes easily into the local alluvium. As discussed elsewhere, this is relatively unique in
Tertiary sources in the Southwest where most of the obsidian breccia and perlitic lava is often
completely eroded away leaving only the rhyolite interior of the dome and a consequent inability
to assign the surrounding marekanites to a specific dome structure (Shackley 2005; see also

Hughes and Smith 1993). This season (2013) an ashflow tuff locality with very abundant
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aphyric Antelope Creek marekanites was located at the head of Antelope Creek as it erodes into
the San Francisco River. This locality has abundant reduced cores and flakes and represents the
probable major source for archaeological obsidian.

The aphyric glass ranges from opaque black to translucent smoky gray with some gray
banding. In over 1000 specimens collected from the Mule Creek/North Sawmill Creek group,
three are mahogany-brown and black banded similar to Slate Mountain (Wallace Tank) material.
Some of the cortex exhibits a silver sheen, but most is a thin black-brown. The material is a fair
medium for tool production, but is very brittle much like Los Vidrios, except at the new location
discussed above. The pressure reduction potential is, however, very good as seen in the sites in
this study. The Mule Mountain glass, however, is as good as any in the Southwest, but
surprisingly relatively rare in sites tested in the basin.

Gwynn and Ewe Canyons

The Gwynn and Ewe Canyon source is located in Gila National Forest, south central
Catron County, New Mexico, at over 2500 m in elevation (Shackley 2005). In an early study
(Shackley 1988), this source was not personally mapped or surveyed. My survey in 1993
indicated that marekanites were directly associated with glassy, perlitic rhyolite in Ewe Canyon
to the south, although this stream system erodes into Gwynn Canyon. These coalesced domes
shown as Feathery Hill on the quadrangle map, exhibit nodule densities in the regolith up to 200
per m2. This source is located in Telephone Canyon 7.5' Quad 1963, Catron County, New
Mexico. Unmodified marekanites on the domes have maximum diameters near 50 mm, although
the vast majority (295%) are 30 mm and smaller. Bipolar cores and flakes were found on and
near Feathery Hill, but in low densities (<1 per 100 m?). As noted above, marekanites are
eroding into the Gwynn Canyon system and possibly the upper San Francisco River, although no

nodules were noted in the San Francisco River alluvium as far north as Alma, New Mexico.
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The Sierra County Source

In 2008, on the advice of Tim Church, a "new" source was discovered east of Nutt
Mountain in Sierra County, New Mexico in and around UTM 13S 0277679/3615415 £2m on the
1984 BLM 30/60' Hatch Quad. The source appears to be marekanite remnants in an ashflow
tuff, the eruptive center of which has not yet been found. It could be related to the Nutt
Mountain rhyolite center, but further investigations this year will hopefully solve the issue.
Nodules up to 5/100m” are present from pea size up to about 5 cm in diameter, and bipolar core
reduction evident in all areas. The marekanites may be available as far south as these sites, but it
isn't yet known.

The Gwynn Canyon, Sierra County and two of the Mule Creek groups (Antelope Creek
and Mule Mountains) are very similar in trace element composition, likely due to a common
origin in the Mogollon-Datil rhyolites (see Elston et al. 1976; Mclntosh et. al. 1992; Shackley
1995, 1998b). Zirconium plotted against Rb, and/or Ba is the best method to discriminate these
sources using XRF (Figures 3 and 4). In order to better understand these geochemical
relationships, a Pb, Nd, and Sm isotope analysis was prepared at the University of Hawaii, Hilo
ICP-MS laboratory (see Figure 5). Isotopically, these sources separate well and do not
necessarily correlate with the elemental variability (Figures 1-4). Care must be exercised when
attempting to discriminate these source elementally.

The potential inability to discriminate these sources can be an important issue in western
New Mexico late prehistory because these sources are located in very different environments
that may have had cultural significance in prehistory. It is possible that during the Mogollon
Classic period Gwynn Canyon obsidian could have been controlled by the Cibola branch of the
Mogollon while the Mule Creek and Sierra County sources could have been controlled by the

Mimbres branch. This may or may not influence the spatial distribution of these obsidian
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sources in the region and confident source assignment can become crucial. Gwynn/Ewe Canyon
obsidian at elevations above 2500 m in elevation are generally well above the elevation favoring
maize cultivation and there are virtually no large pueblos at this elevation. Hunting large
ungulates, however, is likely in the area. Both deer and elk were seen in the area in the 1990s.
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Table 1. Elemental concentrations and source assignments for the archaeological specimens by site and sample, and analysis of
USGS RGM-1 obsidian standard. All measurements in parts per million (ppm).

Site Sample Ti Mn Fe Zn Rb Sr Y Zr Nb Ba Pb Th Source

SMP 097 476 698 467 1093 66 197 22 31 111 19 22 17 Sierra Co., NM*
SMP 097 477 112 525 9752 121 219 25 28 119 19 46 27 19 Sierra Co., NM
SMP 097 478 68471 454 1082 104 197 22 27 106 20 23 17 Sierra Co., NM
SMP 097 479 109 450 895? 72 189 27 27 109 20 98 22 23 Sierra Co., NM
SMP 097 480 592 419 1050 56 185 24 27 105 20 20 18 Sierra Co., NM
SMP 097 481 997 433 8661 54 194 22 26 111 22 76 18 25 Sierra Co., NM
SMP 097 486 835 463 1106 92 201 27 33 112 23 22 23 Sierra Co., NM
SMP 097 489 687 450 1078 98 189 23 27 111 19 19 17 Sierra Co., NM
SMP 097 490 686 438 10751) 72 192 24 28 113 19 22 24  Sierra Co., NM
SMP 097 499 741 497 111% 102 209 24 25 119 18 26 28 Sierra Co., NM
SMP 097 500 770 455 1082 87 197 26 29 109 18 20 23 Sierra Co., NM
SMP 097 501 736 726 8772 163 543 11 75 110 190 0 56 20 Grants Ridge (Mt. Taylor), NM
SMP 097 502 811 460 1092 97 196 26 29 107 20 20 20 Sierra Co., NM
SMP 097 503 104 491 9151 89 200 22 28 109 26 126 24 21 Sierra Co., NM
SMP 097 507 67% 470 1083 74 197 26 30 113 23 19 21 Sierra Co., NM
SMP 097 508 785 451 107(7) 87 194 22 29 113 19 19 21 Sierra Co., NM
SMP 097 509 801 452 1105r 77 198 25 26 111 21 20 28 Sierra Co., NM
SMP 097 510 105 469 891; 111 199 24 29 114 16 144 22 25 Sierra Co., NM
SMP 097 514 772 671 1083 61 180 22 29 104 23 23 25 Sierra Co., NM

13
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201

193

205

424

331

432
283

254

500

202

28

148

147

147

10

24

11

10

25

9

19

11

13

9
10

20

11

27

27

106

108

111

46

30

83

62

60
60

31

62

41

74

124

70
89

41

85

28

5

25

25

24

159

109

118

173

166
177

109

166

100

116

117

93
240

110

129

115

67

219

218

215

54

22

194

93

96
96

18

100

21

123

94

111
63

25

218

21

15

148

61

82

847

27

21

68

32

28
35

20

33

21

35

45

36
30

32

57

25

88

20

22

19

21

28

23

21

26
28

20

26

24

43

39

34
27

31

36

24

15

13

Valles Rhy., NM

Sierra Co., NM

Grants Ridge (Mt. Taylor), NM
Cerro Toledo Rhy., NM

Cerro Toledo Rhy., NM
Cerro Toledo Rhy., NM

Sierra Co., NM

Cerro Toledo Rhy., NM
Antelope Creek (Mule Cr),
NM

N. Sawmill Cr (Mule Cr), NM
Antelope Wells, NM & CHIH

N. Sawmill Cr (Mule Cr), NM
unknown

Antelope Creek (Mule Cr),
NM

Horace Mesa, Mt. Taylor, NM
Sierra Co., NM

not obsidian

standard

standard

standard

" "Sierra County" source name is temporary until the primary source is located.
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Table 2. Crosstabulation of site by source.

Site
LAI31174 LA173885 SMP097  SMP103  SMP105 SMP109 10509 Total

Source  Antelope Creek (Mule Count 0 1 0 0 0 0 1 2
Cn. NM % within Source 0% 50.0% 0% 0% 0% 0% 50.0% 100.0%
% within Site 0% 4.5% 0% 0% 0% 0% 100.0% 3.6%

% of Total 0% 1.8% 0% 0% 0% 0% 1.8% 3.6%

Antelope Wells, NM &  Count 1 0 0 0 0 0 0 1
CHIH % within Source  100.0% 0% 0% 0% 0% 0% 0% 100.0%
% within Site 50.0% 0% 0% 0% 0% 0% 0% 1.8%

% of Total 1.8% 0% 0% 0% 0% 0% 0% 1.8%

Cerro Toledo Rhy., NM  Count 0 10 0 1 2 0 0 13
% within Source 0% 76.9% 0% 7.7% 15.4% 0% 0% 100.0%

% within Site 0% 45.5% 0% 100.0% 25.0% 0% 0% 23.6%

% of Total 0% 18.2% 0% 1.8% 3.6% 0% 0% 23.6%

Cow Canyon, AZ Count 0 0 0 0 1 0 0 1
% within Source 0% 0% 0% 0% 100.0% 0% 0% 100.0%

% within Site 0% 0% 0% 0% 12.5% 0% 0% 1.8%

% of Total 0% 0% 0% 0% 1.8% 0% 0% 1.8%

El Rechuelos, NM Count 0 1 0 0 0 0 0 1
% within Source 0% 100.0% 0% 0% 0% 0% 0% 100.0%

% within Site 0% 4.5% 0% 0% 0% 0% 0% 1.8%

% of Total 0% 1.8% 0% 0% 0% 0% 0% 1.8%

Grants Ridge (Mt. Count 0 2 1 0 0 0 0 3
Taylor), NM % within Source 0% 66.7% 33.3% 0% 0% 0% 0% 100.0%
% within Site 0% 9.1% 5.3% 0% 0% 0% 0% 5.5%

% of Total 0% 3.6% 1.8% 0% 0% 0% 0% 5.5%

Horace Mesa, Mt. Count 0 3 0 0 0 0 0 3
Taylor, NM % within Source 0% 100.0% 0% 0% 0% 0% 0% 100.0%
% within Site 0% 13.6% 0% 0% 0% 0% 0% 5.5%

% of Total 0% 5.5% 0% 0% 0% 0% 0% 5.5%

Los Jaguéyes, CHIH Count 0 0 0 0 1 0 0 1
% within Source 0% 0% 0% 0% 100.0% 0% 0% 100.0%

% within Site 0% 0% 0% 0% 12.5% 0% 0% 1.8%

% of Total 0% 0% 0% 0% 1.8% 0% 0% 1.8%

N. Sawmill Cr (Mule Count 1 0 0 0 (1] 1 0 2
Cn. NM % within Source 50.0% 0% 0% 0% 0% 50.0% 0% 100.0%
% within Site 50.0% 0% 0% 0% 0% 50.0% 0% 3.6%

% of Total 1.8% 0% 0% 0% 0% 1.8% 0% 3.6%

Sierra Co., NM Count 0 4 18 0 4 0 0 26
% within Source 0% 15.4% 69.2% 0% 15.4% 0% 0% 100.0%

% within Site 0% 18.2% 94.7% 0% 50.0% 0% 0% 47.3%

% of Total 0% 7.3% 32.7% 0% 7.3% 0% 0% 47.3%

Valles Rhy., NM Count 0 1 0 0 0 0 0 1
% within Source 0% 100.0% 0% 0% 0% 0% 0% 100.0%

% within Site 0% 4.5% 0% 0% 0% 0% 0% 1.8%

% of Total 0% 1.8% 0% 0% 0% 0% 0% 1.8%

unknown Count 0 0 0 0 0 1 0 1
% within Source 0% 0% 0% 0% 0% 100.0% 0% 100.0%

% within Site 0% 0% 0% 0% 0% 50.0% 0% 1.8%

% of Total 0% 0% 0% 0% 0% 1.8% 0% 1.8%

Total Count 2 2 19 1 8 2 1 55
% within Source 3.6% 40.0% 34.5% 1.8% 14.5% 3.6% 1.8% 100.0%

% within Site 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

% of Total 3.6% 40.0% 34.5% 1.8% 14.5% 3.6% 1.8% 100.0%
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180 Source
i ‘ Antelope Creek
(Mule Cr), NM
160 = Antelope Wells,
NM & CHIH
Cerro Toledo Rhy.,
O NM
1404 @ Cow Canyon, AZ
* El Rechuelos, NM
= ‘ Grants Ridge (Mt.
120 Taylor), NM
O Horace Mesa, Mt.
Taylor, NM
— Los Jaguéyes,
> 100 0 chin
N. Sawmill Cr
* o) ()(6 v (Mule Cr), NM
80— (0) A Ssierra Co., NM
v @ % unknown
v <] Valles Rhy., NM
60—
O
<
40 L
“
20— .3
I I I I I I
0 50 100 150 200 250

Nb

Figure 1. Nb versus Y bivariate plot of all artifacts. Following plots aid in discrimination.
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Source

‘ Antelope Creek
(Mule Cr), NM

600 — ‘ Antelope Wells,
= NM & CHIH (not

plotted)
Q@ O Cerro Toledo Rhy.,

NM
500 & @ Cow Canyon, AZ
* El Rechuelos, NM

. Grants Ridge (Mt.
Taylor), NM

Horace Mesa, Mt.
400 — Taylor, NM

i Los Jaguéyes,
CHIH (not plotted)

N. Sawmill Cr
\4 (Mule Cr), NM

300 A sierra Co, NM
% unknown
< < valles Rhy., NM

o B

100

Rb

100 150 200 250
Zr

Figure 2. Zr versus Rb bivariate plot of artifacts eliminating the high Zr Antelope Wells and Los
Jaguéyes assigned artifacts providing better discrimination. The Sierra County and
Antelope Creek samples better discriminated in plots below.
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Sample
<> Antelope Cr
Artifacts

Gwynn Cnyn,
o Source

A Mule Mts, Source
O Sierra Co. Source

<
260 o
240+ ¢
¥
220+ O oo
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200 * R*o
A © o0 (0]
A fo) o
180 A
160 |
100
50 120
100 459 160 140
200
Ba Al

Figure 3. Zr, Ba, Rb three-dimensional plot of Mogollon-Datil source standards and a sample of
the artifacts assigned to Sierra County. Bivariate plots of these elements further
discriminate the Sierra County data from the other sources (below).
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Sample
1257 <> Antelope Cr
A *Artifacts
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O O o O Source
O O A Mule Mts, Source
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Figure 4. Rb versus Zr bivariate plot of the samples in Figure 3 discriminating Sierra County
data. Lower Zr concentrations for the artifacts a likely function of smaller samples sizes
and greater variability captured by the artifacts than available source standards (see text).
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e Source
=1 Mule Cr/ Antelope
& Cr MM
v W Mule Cr/ Mule Mtn
Mule Cr /N
15.505— Sawmill MM
@ tiutt wtn
15,500
=]
[
=
=
S 15.495-
o
I~
=)
o~
15,490
15,485
15,480 A

T T T T T
0.1000 0.1200 0.1400 0.1600 0.1800
147Sm/144Nd

Figure 5. Sm/Nd and Pb isotope plot of the Mule Creek chemical groups and Nutt Mountain, a
newly discovered source in Sierra County, New Mexico. Note that the isotopic relationship does
not mirror the elemental relationships (see text).
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