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Appendix A
A.1.0 Climatic Information

Rio Algom's Ambrosia Lake site is located in the climatological subdivision of
New Mexico designated "Southwestern Mountains”. This designation is
characterized by low precipitation, abundant sunshine, low relative humidity, and
moderate temperatures with large diumal and annual ranges. The regional
climate is classified as semi-arid, continental (BSw, or Steepe with a winter dry
season Koppen-Geiger system).

The evaporation ponds are situated in a broad valley at elevations varying from
approximately 6,880 to 6,944 feet. Two and half miles to the northeast, San
Mateo Mesa rises to near 8,200 feet and a few miles to the west, Mesa
Montanosa rises o approximately 7,500 feet. These topographical features
create a significant blocking effect to synoptic scale influences and modify the
wind regime in the area. Other meteorological parameters, however, would not
be expected to differ greatly from those found at other stations of similar altitude
in the region.

A.1.1. Speed, Wind Direction, and Stability

The topography in the area suggests a wind regime dominated by two major
influences: night-time drainage of cold air from the high mesas, and channeling
of synoptic winds through the northwest-southeast oriented valley.

Rio Algom's predecessor company “Quivira Mining Company” had a
meteorological station in the area. However, the data was limited in scope and
therefore additional data from other area sources were used in describing area’s
weather conditions.

Data from a New Mexico Environmental Department (NMED) operated site
located approximately 3 miles northeast of the evaporation ponds, is presented in
Tables A-1 to A-8. This site operated for nearly 11 months. Table A-1 presents
a joint frequency distribution of wind direction by the six wind speed classes
independent of stability. The predominant wind directions are westerly and north
northwesterly, which agrees with expectations based upon terrain influence.



Tables A-2 through A-8 present joint frequency distributions of wind speed and
direction by each of Pasquill's seven (7) stability classes.

Stability classes were delineated (according to the method described in NRC
Regulatory Guide 1.23) by using Sigma Theta, the standard deviation of
horizontal wind direction measurements. Hourly values were approximated by
dividing the range of the hourly wind direction (width of the wind direction trace)
by six (Markee, 1986) (Pendergast and Crawiford, 1974). As this method may
erroneously assign unstable classes when nighttime winds are light and variable,
an algorithm described by Mitchell and Timbre was incorporated which assigns
unstable nighttime classes to a neutral or stable class according to the wind
speed.

TABLE A-1. JOINT FREQUENCY DISTRIBUTION - INDEPENDENT OF
STABILITY

Wind Speed Class (MPH)

Direction 1-3 4-7 8-12 13-18 19-24 | >24 Total
N 187 180 40 7 0 0 414
NNE 302 152 20 2 0 0 476
NE 214 43 12 1 1 0 271
ENE 145 17 7 6 0 0 175
E 185 23 6 2 0 0 216
ESE 107 53 23 9 0 0 192
SE 131 73 22 3 1 0 230
SSE 119 56 21 8 2 0 206
S 136 140 85 31 2 0 394
SSW 87 135 121 35 5 0 383
SW 94 74 80 42 9 0 301
WSWwW 81 90 a9 87 12 0 369
w 133 153 169 127 28 0 610
WNW 84 102 88 50 14 1 445
NW 170 120 86 57 11 1 445
NNW 254 202 112 26 5 1 600
Total 2429 1613 993 493 90 3

No. of Calms were 20
Total No. of Occurrences were 5641




TABLE A-2. CLASS A EXTREMELY UNSTABLE (STABILITY CLASS - 1)

Wind Speed Class (MPH)
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No. of Calms were 0
Total No. of Occurrences were 75

TABLE A-3. CLASS B MODERATELY UNSTABLE (STABILITY CLASS - 2)

Wind Speed Class (MPH)
Direction 1-3 4-7 8-12 13-18 19-24 >24 Total
N 2 5 0 0 0 0 7
NNE 3 3 1 0 0 0 7
NE 2 2 1 0 0 0 5
ENE 0 3 0 0 0 0 3
E 0 1 0 0 0 0 1
ESE 1 0 0 0 0 0 1
SE 3 1 0 0 0 0 4
SSE 9 2 1 0 0 0 12
S 12 10 0 0 0 0 22
SSwW 7 11 2 0 0 0 20
sw 4 4 2 1 0 0 11
WSwW 5 9 1 0 0 0 15
W 5 6 1 0 0 0 12
WNW 6 5 0 0 0 0 11
NW 4 13 0 0 0 0 17
NNW 4 8 0 0 0 0 12
Total 67 83 9 1 0 0

No. of Calms were 0
Total No. of Occurrences were 160




TABLE A-4. CLASS C SLIGHTLY UNSTABLE (STABILITY CLASS - 3)

Wind Speed Class (MPH)
Direction 1-3 4-7 8-12 13-18 19-24 >24 Total
N 1 11 6 0 0 0 18
NNE 3 2 1 0 0 0 6
NE 0 5 0 0 0 0 5
ENE 1 1 0 0 0 0 2
E 1 1 0 0 0 0 2
ESE 4 4 0 0 0 0 8
SE 6 2 0 0 0 0 8
SSE 12 12 0 0 0 0 24
S 23 20 4 0 0 0 47
SSW 10 17 15 0 0 0 42
SwW 10 9 4 1 0 0 24
WSW 7 10 16 3 0 0 36
W 17 19 12 4 0 0 52
WNW 8 21 2 0 0 0 31
NW 10 11 11 0 0 0 32
NNW 2 11 10 1 0 0 24
Total 115 156 81 9 0 0
No. of Calms were 2
Total No. of Occurrences were 363
TABLE A-5. CLASS D NEUTRAL (STABILITY CLASS ~ 4)

Wind Speed Class (MPH)
Direction 1-3 4-7 8-12 13-18 19-24 >24 Total
N 45 34 10 2 0 0 91
NNE 25 6 3 1 0 0 35
NE 28 6 3 0 0 0 37
ENE 23 0 0 0 0 0 23
E 35 1 1 0 0 0 37
ESE 24 7 2 1 0 0 34
SE 35 15 8 0 0 0 58
SSE 24 14 6 1 0 0 45
S 28 32 25 9 0 0 94
SSW 21 29 33 5 1 0 89
SW 23 12 29 19 6 0 89
WSW 16 18 28 33 3 0 98
W 21 23 39 38 5 0 126
WNW 14 24 28 17 2 0 84
NW 30 19 28 11 0 0 88
NNW 53 35 28 5 1 0 122
Total 445 275 270 142 18 0

No. of Calms were 4
Total No. of Occurrences were 1154




TABLE A-6. CLASS E SLIGHTLY STABLE (STABILITY CLASS - 5)

Wind Speed Class (MPH)
Direction 1-3 4-7 8-12 13-18 18-24 >24 Total
N 54 54 17 5 0 0 130
NNE 95 31 5 1 0 0 132
NE 64 12 4 1 0 0 81
ENE 57 6 3 4 0 0 70
E 80 13 3 0 0 0 96
ESE 43 23 12 3 0 0 81
SE 42 30 7 1 1 0 81
SSE 39 20 7 2 1 0 69
S 39 33 26 14 1 0 113
SsSw 19 40 38 23 4 0 124
SwW 26 23 25 15 2 0 91
WSW 23 26 27 37 9 0 122
W 39 47 55 58 17 0 216
WNW 28 24 27 22 11 1 113
NW 70 33 25 29 6 0 163
NNW 98 82 35 11 1 0 227
Total 816 497 316 226 53 1
No. of Calms were 1
Total No. of Occurrences were 1910
TABLE A-7. CLASS F MODERATELY STABLE (STABILITY CLASS - 6)

Wind Speed Class (MPH)
Direction 1-3 4-7 8-12 13-18 19-24 >24 Total
N 26 54 6 0 0 0 86
NNE 93 67 8 0 0 0 168
NE 52 11 4 0 1 0 68
ENE 15 5 2 2 0 0 24
E 33 3 2 2 0 0 40
ESE 14 15 7 5 0 0] 41
SE 16 13 7 2 0 0 38
SSE 12 5 7 5 0 0 29
S 14 36 23 7 1 0 81
SSwW 9 29 28 6 0 0 72
SwW 9 17 17 5 0 0 48
WSW 11 19 27 13 0 0 70
wW 22 36 43 27 4 0 132
WNW 8 20 24 10 1 0 63
NW 14 24 16 16 3 - 1 74
NNW 45 43 32 5 3 1 129
Total 393 397 253 105 13 2

No. of Calms were 3
Total No. of Occurrences were 1166




TABLE A-8. CLASS G EXTREMELY STABLE (STABILITY CLASS - 7)

Wind Speed Class (MPH)
Direction 1-3 4-7 8-12 13-18 19-24 >24 Total
N 10 18 1 0 0 0 29
NNE 18 39 2 0 0 0 59
NE 13 6 0 0 0 0 19
ENE 4 1 0 0 0 0 5
E 6 2 0 0 0 0 8
ESE 2 1 1 0 0 0 6
SE 6 8 0 0 0 0 14
SSE 3 1 0 0 1 0 5
S 1 6 7 0 0 0 14
SsSw 2 3 4 1 0 0 10
SwW 3 1 3 1 1 0 9
WSW 2 4 0 1 0 0 7
W 9 12 17 0 2 0 40
WNW 2 5 7 1 0 0 15
NW 2 11 6 1 2 0 22
NNW 7 18 7 4 0 0 36
Total 90 136 55 9 6 0

No. of Calms were 2
Total No. of Occurrences were 298

A.1.2. Mixing Heights

A parameter closely related to stability class is the mixing height. This is a
measurement of the thickness of the lower atmospheric layer in which airborne
released constituents can disperse freely once daytime heating "burns off" the
normal nocturnal temperature inversion. All other conditions being equal, the
greater the afternoon mixing height, the better the dispersion. Holzworth (1972)
studied mixing heights and wind speeds of 62 National Weather Service stations
in the 48 contiguous states, for a five-year period of record. His data indicate
that Albuquerque (and Ambrosia Lake) is in an area with the highest mean
annual afternoon mixing heights in the country (2,788 meters overall). The mean
annual moring mixing height in the area is approximately 485 meters overall
based on the Holzworth study. Thus the Ambrosia Lake area has excellent
dispersion characteristics due to these mixing heights.

A.1.3. Temperature and Relative Humidity

The Ambrosia Lake area exhibits a large diurnal range in temperature, which is
conducive to nighttime inversion formations. Ten and one-half months of




measurements made at the NMED monitoring site show a mean daily minimum
of 40.9°F, and a mean daily maximum of 65.2°F. The mean daily average of
53.5°F agrees reasonably well with the long-term (1962-1974) average of 49.2°F
measured at Lee Ranch near San Mateo.

Gulf Mineral Resources Company (now General Atomics) established several
monitoring stations in the Mt. Taylor mine area near the community of San
Mateo. San Mateo is approximately 9 miles to the southeast of the section 4
evaporation ponds. The temperature and relative humidity data from station #1
located at an elevation of 7,280 feet, is presented in Tables A-9 through A-10.

Relative humidity in the area ranged from an average of 65 percent at sunrise to
roughly 30 percent by mid-afternoon, often dropping to less than 15 percent. The
data in Table A-11 indicate an influx of moisture in July and August (the
thunderstorm season).

TABLE A-9. MONTHLY & ANNUAL MEANS/EXTREMES OF TEMPERATURES
(°F)

Month/Year | Monthly | Mean Temperature
Mean | Daily Daily Maximum | Minimum
Maximum Minimum
February 76 | 37.1 46.2 28.7 58.0 14.0
March 76 34.6 45.6 22.5 63.0 10.5
April 76 48.0 57.3 36.9 65.5 18.0
May 76 55.2 64.7 45.1 76.0 30.0
June 76 64.5 75.1 52.8 84.0 42.0
July 76 67.3 78.3 57.1 86.0 52.0
August 76 66.2 76.5 56.7 83.0 44.5
September 59.8 70.4 49.8 82.0 39.5
76
October 76 48.3 57.6 38.9 72.0 29.5
November 76 | 38.8 49.8 28.3 62.0 5.0
December 76 | 31.9 43.8 224 58.0 10.0
January 77 28.5 38.3 20.3 48.0 3.0

| Annual 48.4 58.7 40.3 86.0 5.0




TABLE A-10. MONTHLY & ANNUAL RELATIVE HUMIDITY (%)

Month/Year Monthly | Mean Humidity
Mean | Daily Daily Maximum | Minimum
Maximum Minimum
February 76 | 34 48 21 59 11
March 76 47 70 28 100 8
April 76 37 56 22 100 4
May 76 43 60 30 98 12
June 76 34 45 25 90 15
July 76 45 61 30 88 5
August 76 49 70 31 98 8
September 48 71 24 96 5
76
October 76 52 68 38 100 19
November 76 | 51 65 38 100 29
December 76 | 51 66 36 100 7
January 77 63 79 46 100 18
[ Annual 46 63 31 100 4

A.1.4. Precipitation

Most of the precipitation in the area occurs during the July-August thunderstorm
season, although there is considerable monthly and annual variation in total
rainfall. Table A-11 presents long-term precipitation measurements made at San
Mateo (Floyd Lee Ranch) and three other nearby regional stations. The long-
term annual average for San Mateo was 8.83 inches with a maximum of 13.55
inches in 1956. August was the wettest month with an average of 2.13 inches,
and a maximum of 4.38 inches in 1948.



TABLE A-11. MONTHLY & ANNUAL PRECIPITATION (Inches)

Month/Year San Mateo® Grants®™ | Marquez® | San Fidel®
January 0.42 0.36 0.45 0.37
February 0.38 0.39 0.49 0.46
March 0.40 0.45 0.57 0.44
April 0.43 0.36 0.67 0.65
May 0.37 0.43 0.70 0.79
June 0.47 0.69 0.73 0.79
July 1.72 1.81 1.79 1.65
August 2.13 2.18 2.71 2.02
September 1.14 1.17 1.20 1.43
October 0.75 1.07 1.31 0.61
November 0.33 0.33 0.51 0.41
December 0.44 0.62 0.55 0.47
| Annual 8.83¢ 10.04 11.68 10.09 |

(a) Elevation of 7250 feet MSL, period 1939-1974, U.S. Department of

Commerce
(b) Elevation of 6480 feet MSL, period 1946-1960, U.S. Forest Service in 1973

in NMEI 1974,
(c) Elevation of 7620 feet MSL, period 1941-1970, U.S. Department of

Commerce
(d) Elevation of 6160 feet MSL, period 1920-1954, U.S. Department of

Commerce
(e) 24 Years of data available for annual mean.

A.1.5. Isolation

Central New Mexico receives approximately 75 percent of possible winter
sunshine and 80 percent of possible summer sunshine. The annual average for
Albuquerque is 77 percent, and similar figures can be expected in the Ambrosia

Lake area.
A.1.6. Storms and Severe Weather

Thunderstorms are relatively frequent in the area during the summer months,
occurring an average of 50 days per year, with two to four days per year



reporting hail (Baldwin, 1973). Extreme winds may occur as a result of these
thunderstorms and also under certain pressure gradient configurations. During
the winter and spring, low-pressure weather systems approaching from the west
can induce surface winds in excess of 60 mph. These strong winds, coming from
the south-southwest to the west-southwest sectors, are somewhat mitigated in
the area by the surrounding high mesas. Thorn (1968) estimated the following
maximum wind speeds for the area, 10 meters above ground level, for various
recurrence intervals as shown in Table A-12.

TABLE A-12

WIND SPEED
Recurrence Interval (years) |2 | 10125150 100
Maximum Speed (mph) 57168 |73|80|87

Rainfall in the area is generally associated with localized thunderstorms.
Maximum precipitation of long duration is associated with the infrequent
occurrence of tropical cyclones from the Gulf of Mexico and the Gulf of California
(Houghton, 1972).
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C.1 FLORA AND FAUNA - AFFECTED ENVIRONMENT

The Ambrosia Lake tailings site is located in an arid desert environment
and the flora and fauna of this area are adapted io the dry desert condi-
tions. This characterization of the biota at the tailings and borrow sites is
based on field surveys in the area (FBD, 1983; TAC 1985), consultations with
natural resource personnel from state and Federal agencies, and review of the
pertinent literature. A 1ist of flora and fauna observed or expected to occur
at the site plus scientific names of species referred to in this appendix

appear in Tables C.1.7 through C.1.4.

These tables do not represent a complete 1isting of species from this
area. Rather, they are common species observed at the site during
reconnaisance-level surveys or species observed in the region by other
workers. The plant list was derived from site-specific surveys (FBD, 1383)
and a regional study conducted by Albee -(1982).- Faunal 1ists are based on
limited site-specific data (FBD, 1983) and more detalled information from
other sources as referenced on the tables. Table €.1.3 1ists only nesting
bird species observed or expected to occur in the area. The number of
additional species that would be expected at the site as migrants or winter

visitors may be as high as 86 (Albee, 1962).

Ambrosia Lake tailinas site

The tailings pile has large.areas devoid of vegetation with other areas
sparsely populated with early successional species such as Russian thistle,
squirreltail grass, and snakeweed. Small permanently wet areas occur at the
base of the containment dikes and support bulrush, cattail, and a few willow,

Russian olive, and salt cedar (FBD, 1983).

Wild1ife use of the tailings pile is minimal. Ponded water on top of the
+ailings supports a limited number of migratory waterfowl and shorebirds (fBD,
1983). Pocket gophers were observed near the base of the dikes along with the
red-spotted toad in the wet areas. In June of 1985, numerous cliff swallows
were observed feeding near the tailings and Brewer's blackbird was noted

nearby.

Borrow site 1 o e e

Borrow site 1 and the windblown contaminated area adjacent to the
tailings pile are located in the Great Basin Grassiands habitat (Brown, 7962).
Historically, these grassldnds were dominated by sod-forming grasses such as
grama grass (Bouteloua spp.). Presently, many of these areas are ,overgrazed
causing a breakdown in the sod cover and enhancing the growth of various forbs
and shrubs. Overgrazing has occurred in the region (Kinsky, 1877; DOI, 1980;
Brown, 1982; Hubbard, 1985a) and at the site (FBD, 1983). Only vestiges of
the grama grass association occur at the sites with species such as blue
grama, bush muhly, and Fendler threeawn present. Common species include
narrow leaf goosefoot, alkaii sacaton, galleta, and other annual herbs and

grasses. Scattered juniper are present at the west end of the sites (FBD,
1983). :
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Teble €.71.1 Plant

species observed in the Ambrosia Lake area

Opuntia macrorhiza

plains prickly pear

Species
Observed - Observed
Scientific name Common name at site in region
tbronia sp. sandverbena X
Agropyron smithii western wheatgrass B
Aristida fendleriana Fendler threeawn X
Aristida longiseta red threeawn X
Aristida purpurea purple threeawn X
Artemisia nova black sagebrush X X
Astragalus sp. milkvetch X
Aster sp. aster X
Atriplex canescens fourwing saltbush X X
Atriplex confertifolia shadscale X
Atriplex obovata saltbush X
Atriplex saccaria saltbush X
Bouteloua gracilis blue grama X
Bromus tectorum cheatgrass X
Cercocarpus montanusd mountain mahogany X
Chenppodium dessicatum goosefoot X
Chrysothamnus nauseosus rubber rabbitbrush X X
Chrvsothamnus viscidiflorus green rabbitbrush X
Cleome serrujata Rocky Mountain beeplant X
Cowania mexicana c1iff rose X
Cryptantha crassisepala cats eye X
Dithyrea wislizenii 'spectaciepod - X
Elaeagnus angustifolia Russian olive X,
Ephedra torrevana ephedra X
Eriogonum sp. buckwheat X
Euphorbia fendleri spurge X
Eurotia lanata winterfat X
Festuca octoflora sixweek fescue ) X
Gutierrezia sarothrae " snakeweed o X X
Haplopappus spinulosus ironplant goldenweed X .
Heljanthus annuus common sunflower X
--Hilaria--jamesii-- - galleta - X
Hordeum pusillum Tittle barley X
Juniperus sp. Juniper X X
Lactuca sp. wild Tettuce X
Lappula sp. stickseed X
Leucelene ericoides white aster X
Lycium pallidum pale wolfberry X
Muhlenbergia porteri bush muhly X
Muhlenbergia torreyi ring muhly X
Oenothera albicaulis evening primrose X
Oenothera -pallida pale evening primrose X
X
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Table C.1.1

Plant species observed in the Ambrosia Lake area (Concluded)

Zinnia qrandiflora

desert zinnia

Species
, Observed Observed
Scientific name Common name at site in region
Opuntia whippiei Whipple cholla X
Orvzopsis hymenoides Indian ricegrass - X X
Penstemon sp. penstemon X X
Phacelia corrugata scorpion weed X
Phiox sp. phlox X
Pinus edulisd pinon pine X
Pinus ponderpsa@ ponderosa pine X
Plantago purshii plantain X
Psoralea lanceolata scurfpea X
Purshia tridentata " antelope bitterbrush X
Rhus trilobata skunkbush sumac X
Rumex crispus curly dock X
Salix sp. ) willow X
Salsola ijberica Russian thistle X
Sarcobatus vermiculstus greasewood X X
Scirpus pallidus bulrush X
Sisymbrium altissimum tumble mustard X X
Sitanion hystrix bottlebrush squirreltail X X
Solanum jamesii James nightshade X
Sphaeralcea coccinea scarlet globemallow X A
Sphaeraicea parvifolia globemallow X
Sporobolus airoides alkali sacaton X
Sporobolus contractus spike dropseed X -
‘Sporobolus cryptandrus sand dropseed X
Sporobolus giganteus . giant dropseed X
Stipa comata needle and ‘thread X
Stipa neomexicana feathergrass X
Suaeda torreyana seepweed X
Tamarix pentandra saltcedar X
Tridens pulchellus fluffgrass X
Typha sp. . cattail,” . X
- V¥erbesina encelioides:- -- * golden crownsbeard X
Yucca sp. yucca X X
X

apbserved only at borrow site 2.

_ Ref. FBb, 1983; Albee, 1982; McDougall, 1973; is1er and Middleton, 1985.



Table C. 1 2 Amphibians and reptiles observed or expected to occur at the
Ambrosia Lake tailings site

Species

Comments

Plains spadefoot toad
Scaphiopus bombifrons

Western spadefoot toad
Scaphiopus hammond}

Red-spotied toadd
Bufo punctatus

Tiger selamander
Ambystoma tigrinum

Lesser earless 1izafd
Holbrookia maculata

Collared Jizard
Crotaphvtus collaris

Northern plateau 1izard
Sceloporus undulatus

Sagebrush Jizard
Sceloporus graciosus

Inhabits plains and
hills in areas of Tow
rainfall. Requires
temporary or permanent
bodies of water for
reproduction.

Inhabits areas of open
vegetation in washes and
floodplains. Requires
temporary or permanent
bodjes of water for
reproduction.

Occurs in rocky canyons,
open grassland, and
arroyos. Larva observed
in wet area near tail-

ings pile.

Principally subterra-
nean. Breeds in tem-
porary or permanent
water bodies.

"Common in areas with

open vegetation and
sandy soil.

Inhabits rocky ledges,

“falus slopes, and brush
near cliffs. Sparsely
distributed in area.

Common in area. C1iff
face and large boulders
preferred.

Habitat
Rocky Pinon-
Grassland/ slope/ Jjuniper/
shrub cliffs forest
X
X
X
X
X
X X
X X
X X X

Common in area. Prefers
dense shrubs and sandy
soils.
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Table €.1.2 Amphibians and reptiles observed or eipected to occur at the
Ambrosia Lake tailings site (Concluded)

Crotalus viridis

Habitat
Rocky  Pinon-
Grassland/ slope/ juniper/
Species shrub t1iffs forest Comments
Side-blotched 1izard® X X Common on cliffs, talus -
Uta stansburiana slopes, and isolated
large rocks.
Northern tree 1izard X X Found only in rocky
Urosaurus ornatus areas. Uncommon in
: area.
Short—horned 1izarda X Occurs in grassiand
Phrynosoma douglassi habitat. Observed in
windblown contaminated
arez near tailings.
Plateau whiptail@ X X Observed in pinon-
Cnemidophorus velox juniper woods at borrow
site 2. Also occurs in
open shrub desert.
Desert siriped whipsnake X Inhabits shrubby areas.
Masticophis taeniatus Uncommonly observed in
' area. .
Painted desert glossy snake X Inhabits roéky areas.
Arizona eleagans Uncommon in area.
". Gopher snake X X X Occurs in all habitat
Pituophis melanoleucus . types in area.
Pfairie rattlesnake X X X Occurs in mixéd.grass/

shrub areas and rocky
areas. Distributed at
Jow density throughout
area.

3pbserved at the Ambrosia Lake tailings site.

Ref. Albee, 1982; FBD, 1983; Jones, 1970; Stebbins, 1966.
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Table €.1.3 Nesting birds observed or expected to occur at the
Ambrosia Lake ta29lings site

Habitat Relative abundance

Rocky Pinon-

Grassland/ slope/ Jjuniper/
Species shrub c1iffs forest Common Uncommon Rare

Sharp-shinned hawke X
Accipiter striatus

Northern harrier X
Circus cvaneus

Ferruginous hawk X
Buteo regalis

Red-tailed hawk@ X X X
Buteo jamaicensis '

Swainson's hawk
Buteo swainsoni

Golden eagle X
Aguila chrysaetos

Prairie falcon
Falco mexicanus

American kestreld X X
Falco sparverius -

Scaled quail
Callipepla squamata

Mourning doved X X
Zenalda macroura '

Roadrunner . X
Geococcyx californianus

Great .horned owl . X X
Bubo virginianus .

Poorwil X
Phalaenoptilus nuttallii ]

Common nighthawk ) X
Chordeiles minor .
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Table C.1.3 Nesting birds observed or expected io occur at the
Ambrosia Lake tailings site (Continued)

Species

Habitat

rRelative abundance

Rocky

shrub c1iffs

Pinon-

"Grassiand/ slope/ juniper/
forest Common

Uncommon Rare

White—throated swift
Aeronautes saxatalis

Black-chinned hummingbird
trchilochus- alexandri

Northern flicker@
Colaptes auratus

Western kingbirdd
Tvrannus verticalis

Cassin's kingbird
Tyrannus vociferans

Ash-throated flycatcher
Myiarchus cinerascens

Say's phoebe?
Sayornis saya

Horned lark@
Eremophila alpestris

Cl1iff swallowd
Hirundo pyrrhonota

Scrub jay?@
Aphelocoma coerulescens

Pinon Jjayd

Gymnorhinus cyanocephalus

. Common ravend

Corvus corax

Plain titmouse
Parus inornatus

Bushtit :
Psaltriparus minimu

X
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Table €.1.3 Nesting birds observed or expected to occur at the
Ambrosia Lake tailings site (Continued)

Species

Habitat Relative abundance

Rocky Pinon-

Grassland/ slope/ juniper/

shrub

cliffs forest Common Uncommon Rare

Bewick's wren@
Thryomanes bewickii

Rock wrend

Sa]pin;tes obsoletus

Canyon wren
Catherpes mexicanus

Mountain bluebird
SiaTia currucoides

Mockingbird?
Mimus polvalotios

Sage thrasher
Oreoscoptes montanus

Bendire's thrasher
Toxostoma bendirei

Loggerhead shrike?
lLanius ludovicianus

Western meadowiark@
Sturnella neglecta

Brewer's blackbird®

Euphagus ‘cyanocephalus

House finch
Carpodacus mexicanus

Green~tailed towhee
Pipilo chlorurus

Brown towhee
Pipilo fuscus

X
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Table c.i.a Nesting birds observed or expected to occur at the
Ambrosia Lake tailings site (Concluded)

Habitat Relative abundance

Rocky Pinon-

Grassland/ slope/ juniper/
shrub. tliffs forest Common Uncommon Rare

Species

Lark sparrowd X X
Chondestes grammacus

Black-throated sparrow? X X X
Amphispiza bilineata

Sage sparrow X X X
Amphispiza bellj

Chipping sparrow X X X
Spizella passerina

X X

Brewer's sparrow X
Spizella breweri .

30bserved at Ambrosia Lake tailings site.

Ref. Albee, 1982; FBD, .1983; Kinsky, 1977.

.C-9



Table C.1.4 Mammals observed or expected to occur at the
Ambrosia Lake tailings site

Species

Habitat .

Relative abundance

Rocky

Pinon-

Grassland/ slope/ juniper/

shrub t1iffs

forest Common Uncommon Rare

Desert shrew
Notiosorex crawfordi

Yuma myotis
Myotis vumanensis

California myotis
Mvotis californicus

Siiver-haired bat
Lasionycteris poctivaaans

Townsend's big-eared bat
Plecotus townsendii

Pa11id bat
Antrozous pallidus

Western pipistrelle
Pipistrellus hesperus

Desert cottontaiid
Sylivilagus audubonii

Black-tailed jackrabbit?
Lepus californicus

Colorado chipmunk
Eulamias quadrivittatus

White-tailed antelope squirrel
Ammospermophilus leucurus

Spotted ground squirrel
Spermophilus spilosoma

Botta's pocket gopher
Thomomys bottae

Plains pocket mouse
Peroanathus flavescens

X
.
X

X X
X
X
X

X X

X X

X X

X QU

X
X X
X X
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Red fox

Tab]e C. 1 4 Mammals observed or expec;ed to occur at the
Ambrosia Lake tailings site (Continued)

Haﬁitat Relative abundance

Rocky  Pinon-

Grass]and/ slope/ juniper/

Species shrub c1iffs forest Common Uncommon Rare

Silky pocket mouse X X
Perognathus flavus

Ord's kangaroo rat X X
Dipodomys ordij

Banner-tailed kangaroo rat ' X
Dipodomys spectabilis

HWestern harvesf mouse . h
Reithrodontomys megalotis

Deer mouse X X X
Peromvscus manijculatus

Canyon mouse
Peromvscus crinitus

Pinon mouse ' X
Peromvscus truei

Northern grasshopper mouse X X
Onychomys leucogaster )

White-throated woodrat X
Neotoma albiaula

Stephens woodrat . X
Neotoma stephensi

Bushy-tailed woodrat X X
Neotoma cinerea - ..

. Coyote? X X X X -

Canis 1atrans ;

Vulpes vulpes

Kit fox ' X X
Vulpes macrotis :




Table C.1.4 HKammals observed or expected to occur at the
Ambrosia Lake tailings site (Concluded)

Habitat

Relative abundance

Rocky

Pinon-

Grassland/ slope/ juniper/

Elkb
Cervus elaphus

Species -shrub c1iffs forest Common Uncommon Rare
Badger X X
Taxidea taxus
Spotted skunk X X X X
Spilogale aracilis
Striped skunk X X X X
Mephitis mephitis
Bobcat X X X
Felis rufus '
Mule deerb X X X X
Ddocoileus hemionus
X X

Sign observed only.

apbserved at the Ambrosia Lake tailings site.

Ref. Albee, 1982; Bailey, 1971; FBD, 1983: Kinsky, 1977; Whitaker, 1880.



The two principal wildlife habitat types which occur at these sites are
grassiand and rocky slopes-c1iffs. The grassland habitat is the dominant type
with rocky slopes-cliffs occurring at the west end near Roman Hill. Sixty~two
species of wildlife were observed.or are expected to occur in the grassland
habitat while 42 species may be found in the cliff area (see Tables C.71.2
through C.1.4); an additional 30 to 40 species would be expected at the sites
as migrants or wintering species (Albee, 1982).

A total of 11 species of reptiles and amphibians may occur at these sites
(see Table C.1.2). Of the eight species of Tizards listed, only the short-
horned 1izard and side-blotched 1izard were observed. Three species are found
principally in grasslands, four are more common in rock slopes-cliff areas,
while one is expected from both habitat types. Amphibians and snakes are less
common in terms of the number of species. The amphibians are most common in
wet areas such as occur at the tailings pile, stock tanks, and ephemeral
bodies of water. Very few snakes were encountered during herpetological
investigations in the region (Jones, 1970; Albee, 1982). ' :

A total of 28 species of nesting birds may occur in the grassland habitat
and 14 species in the rocky slopes-c1iff habitat (see Table C.1.3). The
meadowlark and horned Tark were the most common nesting birds observed in 1985
(TAC, 1985). Eleven additional species were observed in the grassiand
habitat. Reconnaissance of the Roman Hill area during the 1985 breeding
season resulted in the observation of a sharp-shinned hawk, an active raven's
nest, and an abandoned ¢1iff nest that may have been used by prairie falcons.
The mourning dove was the only gamebird observed. The scaled quail may occur
rarely at the site because shrub cover necessary for this species is generally

Jacking. '

A total of 23 species of mammals may occur in the grassiand habitat while
20 species are expected in the rock-c1iff area (see Table C.1.4). The only
species observed on the site were the desert cottontail and coyote. The mule
deer s the most common and widely distributed big game species  in the
region. The sites are not within the summer range of this species (Kinsky,
1977; DOI, 1980) although they do winter on the San Mateo Mesa directly west
of the site (DOI, 1980). Occasional wintering animals from this area may use
the site especially in the Roman Hill area. Elk also winter on the San Mateo
Mesa (DDI, 1980) but would not be expected to occur at the borrow site or
windblown area. The impact of overgrazing at these sites has reduced the
carrying’ capacity for wildlife (DDI, 1980) and has resulted in much reduced
use of the area by mule deer and the elimination of the pronghorn antelope

(Antilocapra americana) from the area.

_Borrow site 2?2 : ) .
. -~ S

Borrow site 2 is located in the Great Basin conifer woodland type (Brown,
1982) with pinon pine and juniper being the dominant plant species. This site
1s almost completely wooded except for disturbed areas near the abandoned San
Kateo uranium mine and clearings dominated by grass. A floristic survey was
not conducted at this site but many of the species listed in Table C.1.1 occur
at-this site.. Although a field survey was not conducted, consuitation was
performed regarding the possible occurrence of threatened and endangered plant
species at borrow site 2 (Price, 1985b). A computerized file search of the
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New Mexico Natural Resources Information System indicated that none of the
plant species being tracked by the New Mexico Natural Resources Department
have been recorded in the Ambrosia Lake area and that appropriate habitat for
these species is also lacking. - Based on this consuitation, additional surveys
for threatened and endangered plants at borrow site 2 are not warranted at

this time.

Fifty-nine species of wild1life were observed or are expected to occur in
this area (see Tables C.1.2 through C.1.4). Eight species of herptiles may
occur at the site (see Table C.1.2); the plateau whiptail was the only species
observed (TAC, 1985). A total of 29 species of birds may nest .at the site
(see Table C.1.3). Five species of raptors may nest in this area; the red-
tailed hawk and kestrel were the only species observed. The ferruginous and
Swainson's hawks nest in pinon-pine woodlands (Smith and Murphy, 1982; Thurow
and White, 1983), sometimes in close association with each other (Schmutz et
al., 1980; Thurow and White, 1983). The .proposed borrow site is located on
the fr1nge of the ferruginous hawk breeding range (Armbruster, 1983). 1In
addition, an extensive wildlife survey in the Chaco strippable coal area
approyimate1y 25 air miles north of the site resulted in the location of only
four ferruginous hawk and one Swainson's hawk nests. This information
indicates that it is unlikely that these two species nest at the proposed

borrow site area.

A total of 22 species of mammals are expected to occur in the borrow site
area; the black-tailed jackrabbit, desert cottontail, and coyote were the only
species observed (see Table C.1.4). 1In addition, mule deer and elk sign were
noted. Borrow site 2 is Jocated within the winter range of both the mule deer
and elk on the La Jara Mesa (Kinsky, 1977:; DDI, 1980). Consultations with the
New Kexico Department of Game and Fish indicate that borrow site 2 is located
within critical wintering  habitat -for both species (Isler and Middleton,
1985). As the snow deepens on the La Jara Mesa, both species move downslope
and typically by December are concentrated on the slopes of the mesa which
include the borrow site 2 area. Browse transects conducted by the New Mexico
Department of Game and Fish indicate that important browse species such as
mountain mahogany and fourwing saltbush occur on the site and are used
extensively during the winter (Isler and Middleton, 1985).

Thréatened and endangered species

A total of 22 species of plants and animals are considered threatened or
endangered (T and E) by the Federal government in_New._Mexico -(USFWS, 1984,
- 1985). The black-footed ferret (Mustela niaripes), peregrine falcon (Falco
peregrinus), and bald eagle (Hallaeetus leucocephalus) are the only species
whose ranges include the Ambrosia Lake site. Consultation with the U.S. Fish
and Wildlife Service (USFWS) resulted in a 1ist of two endangered (black-
footed ferret, American peregrine falcon), "one proposed (rhizome fleabane,
Erigeron rhizomatus) and one .candidate (Pecos sunflower, He11anthus

paradoxus) species which the Service fee]s may be affected by the project
(Peterson, 1985a,b). )

Bailey (1971) indicates that black-footed- ferret range in New Mexico -
includes the plains region in the eastern and northern parts of the state.
. The nearest known observation of this species to the site was a ferret




captured in a trap set for coyote near San Mateo in 1918 (Bailey, 1871). There
have not been any confirmed sightings of this species in the state in recent
decades (Hubbard et al., 1979) and the only known population occurs in Wyoming
(Clark et al., 1984). This species is highly dependent on praire dogs and all
active prarie dog towns are considered potential ferret habitat (Clark et al.,
1984). Observations at the tailings pile, windblown area, and borrow sites
indicate that prarie dogs do not exist on the sites (FBD, 1983; TAC, 1985).
Therefore, it is unlikely +hat the black-footed ferret occurs at any of the

sites.

The peregrine falcon is a rare and localized breeding species in
mountainous regions of New Mexico (Hubbard et 21., 1979). It migrates through
the state and winters statewide. Peregrine falcons require steep cliffs
fairly near water (usually flowing) for nesting purposes. Steep cliffs do
occur near the site along the San Mateo Mesa but they are not near water. 1In
addition, this species is not presently known to nest near or.within 10 miles
-of the site (Hubbard, 1985b). :

The bald eagle does not nest in New Mexico (USFWS, 1984) but it does
winter within the state (Grubb 'and Kennedy, 1982). Wintering birds are
typically found along major rivers or lakes with some also feeding in upland
areas (Grubb and Kennedy, 1982). It is unlikely that the bald eagle winters
anywhere near the study sites, though an occasional bird may fly over during

migration.

In 1980, the rhizome fleabane was included in category one, candidate
species being considered for threatened or endangered status (42 FR 82480). A
proposed rule to 1ist this species as threatened was submitted in 1984 (49 FR
17548) and, as yet, no action has been taken on this proposed ruling. The
rhizome fleabane was first collected 4in 1943 in the Zuni Mountains near Ft.
Wingate, New Mexico. This species was subsequently rediscovered near its type
Tocality and in the Datil Mountains to the south (Sabo, 1982). Knight (1981)
feels that it is unlikely that.this species will be found outside this range.
In all cases, this species occurs in sofls " . . . partially derived from
outcrops of Chinle Shale" (Sabo, 19B2) and is found in ponderosa pine or
pinon-juniper forest associations. Rock outcrops at borrow sites 1 and 2 are
Mancos Shale and the appropriate plant community type does not occur near the
tailings pile or the borrow site 1 area. For this reason, -it is very unlikely
that this species occurs at or near the tailings pile, windblown area, oOr.

borrow sites. .

The -Pecos sunflower (Helianthus.paradoxus) is a Federal candidate species
for 1isting as threatened or endangered. This species was originally observed
in Pecos County, Texas (Heiser et al., 1969). Recently this species was
discovered in Chaves and Cibola Counties, New Mexico (Seiler et al., 1981;
* NMNPPAC, 19B4). This species is found in standing water or arqé§”of shallow
water table in heavy-saline soils. It typically occurs in wet areas along
perennial streams or irrigation ditches. The only standing water at the site
is on top of the tailings pile and this area is essentially devoid of vegeta-
tion. Given the lack of wetland habitat or perennial water bodies, it is
assumed that this species does not occur at the Ambrosia Lake site or borrow

sites.
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Sixty-eight species of wildlife are listed as endangered in New Mexico.
L review of the ranges of these species indicates that four may occur at the
tmbrosiz Llake site. Three (black-footed ferret, peregrine falcon, and bald
eagle) were discussed above and the fourth species is the red-headed woodpecker
(Melanerpes ervthrocephalus). This species nests in riparian woods or planted
groves of trees (Hubbard et al., 1979) and would not be expected to occur at

the site.

_ The State of New Mexico has proposed legislation to create a 1list of
state endangered plant species (NRD, 1985). A total of 55 plant taxa is
proposed for 1isting. The rhizome fleabane and Pecos sunflower were included
in this 1ist and were discussed above. A computerized file search of the
Natural Resources Information System (NRIS) conducted by personnel of the New
Mexico Natural Resources Department indicated that there are no records of
these proposed species at the Ambrosia Lake sites. In addition, appropriate
habitat for the species being tracked by NRIS 1s also lacking at the Ambrosia

Lake sites (Price, 1985a,b). :
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C.2 FLORA AND FAUNA — IMPACTS

Impacts to flora and fauna associated with stabilization in place are
addressed in this appendix. Impacts of the no action and disposal at the
Section 21 'site alternatives are briefly addressed in Section 4.6 of the

Environmental Assessment (EA).

Terrestrial ecosystems would be impacted directly and indirectly by the
remedial action. Direct impacts. include destruction of flora and fauna and
loss of habitat and would result from the disposal of tailings, excavation of
contaminated soils, borrow activities, and construction or upgrading of
haulage roads. .Indirect impacts include increased fugitive dust emissions,
elevated noise Tevels, and human activities and would occur adjacent to the
direct impact area. Direct impacts can either be short-term or Tong-term
while indirect impacts are short-term (i.e., for the duration of the project).

A total of 799 acres would be affected during stabilization in place.
This includes 111 acres at the existing tailings pile, 570 acres of windblown
contamination adjacent to the pile, 60 acres at borrow site 1, 50 acres at
borrow site 2, and eight acres along haulage roads. Presently, the tailings
pile 1s almost devoid of vegetation and has 1ittle wildlife value. For this
reason, the impact of remedial action activities on vegetation and wildlife at

" the tailings pile would be minimal.

Remedial action activities at the .area of windblown contamination and at
borrow site 1 (including haulage road construction) would impact approximately
631 acres of grassland habitat. Much of this area is overgrazed and repre-
sents marginal wildlife habitat. However, 62 species of vertebrates have been
observed or are expected to ‘occur in this area. Excavation of contaminated
soils or borrow materials would result in the destruction of many less mobile
animals such as small mammals and reptiles and force larger mammals and birds
to vacate the area. These animals would be forced to compete with existing
resident individuals or inhabit marginal habitat. The net result would be a
reduced survivorship for these displaced 4individuals. Analysis of plant and
animal species which inhabit this area 9jndicates that no concentration areas
or important habitat features for economically important species would be
disturbed. In addition, no threatened or endangered species are known to

occur in this area.

Borrow site 2 is comprised of a pinon-pine plant community. An estimated
59 -species of wildlife may occur in the.area.- -The exact—location of borrow
site 2 within the proposed area would be determined by the Remedial Action
Contractor (RAC) and the U.S. Department of Energy (DOE). Direct impacts on
wildlife in this area would be similar to those described for the windblown
area and borrow site 1. The major direct impact on wildlife wolld be the
elimination of approximately 50 acres of critical winter habitat for mule deer
and elk. Mule deer and elk sign were found to increase upslope (southwest)
from the San Mateo Mine (Isler and Middieton, 1985; TAC, 19885). In addition,
the area near the San Mateo Mine is on the periphery of the winter range which
would indicate that the closer the borrow site is to the mine, the lower would
be the direct impacts on wintering mule deer and elk. .
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The duration of direct impacts from remedial action activities would
depend on the level of restoration undertaken. PResearch has shown that the
rate and extent of vegetation recovery on untreated mine lands varies widely
depending on the restoration method employed (Wagner et al., 1978; Aldon,
1881). The bhypothetical maximum impact would involve no restoration which
would result in the recovery of the biotic community on land devoid of
topsoil. In this «case primary succession (i.e., & sequence of plant
comnunities developing in a newly exposed habitat devoid of Tife) (Ricklefs,
1979) would take place and recovery would take years. Full recovery of a
pinon-juniper plant community at borrow site 2 could take approximately 100 to
300 years (Tausch and Tueller, 1977; Everett and Ward, 1984). In addition,
the reestablishment of important shrub browse species for wintering mule deer
would be difficult. The establishment of a grassiand habitat at the site may
benefit wintering elk (Isler and Middleton, 1985).

Prior to initiation of surface disturbing activities, the plan for
restoration of excavated areas would be determined by “the RAC and the DOE in
consultation with the appropriate regulatory agency or other authority.
Requirements for restoration typically include measures such as backfilling,
recontouring, and revegetating. Impacts would be mitigated by sequencing
restoration as soon as possible after completion of surface disturbing

activities.

Indirect 1impacts on plants and wildlife would result from increased
fugitive dust emissions, elevated noise levels, and human activity, and would
occur primarily outside the direct impact zone. The effects of fugitive dust
include reduced palatability of vegetation for wildlife and physiological
stress on plants. It is estimated that these dust emissions would preclude
wildlife use within 200.feet of the source; this impact would decrease to zero
1200 feet from the dust -emission source (Hoover and Associates, 1984).

The effect of noise on wildlife varies from direct effects on hearing to
indirect effects such as masking (the 4inability to hear important environ-
mental cues) and Joss of usable habitat. The effects of noise can be com-
pounded by the presence of humans and the impact of noise and human. presence
is often hard to separate (Dufour, 1980). The projected noise levels would
increase from background Jevels of 35 to 40 decibels to about 90 decibels 100
feet from construction activities and 50 to 60 decibels one mile from the
source. The impact of noise on wildlife s poorly undersiood but many species
of wildlife seem .to be able to adjust to relatively constant- noise levels of
up. to 70 decibels (Dufour, 1980). Noise levels of this magnitude or greater
can be expected up to 2000 feet from the source..and wild1ife use in this zone

would be impacted.

The effects of dust, noise, and human activity at the tailings site,
windblown area, and borrow site 1 would influence wildlife use in approxi-
mately a 1500-acre area (Figure C.2.1). Most of this area (1450 acres) would
be Tow-quality overgrazed wildlife habitat while the remaining 50 acres would
be rocky slopes and cliff habjtat near Roman Hi11. A total of 43 species of
wildlife were observed and/or are expected to occur in the rocky slope-cl1iff
habitat; 24 species are more or less restricted to this habitat type (see
Tables C.1.2 through C.1.4). Birds of prey may nest in the cliff habitat and
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pr0j§ct—generated noise may preciude their use of about 3000 feet of the cliff
habitat at Roman Hil]. These impacts would occur only during the 1B-month
project duration. :

The effects of dust, noise, and human activity on biota at borrow site 2
may extend out for 700 feet from the site (Figure C.2.2). for purposes of
analysis, borrow site 2 was assumed to be in the center of the proposed area.
The most important indirect impact at borrow site 2 would be the disturbance
of wintering mule deer and elk over a 132-acre area. Mule deer and elk use
the same winter range from year to year (Kerr, 1981; Young, 1982). It is
expected that animals who traditionally use at Jeast part of the 700-fooi area
around the site would be displaced as has been observed by various researchers
for humzan disturbance associated with logging and mining (Kuck et al., 1985;
Edge et al., 7985). The magnitude of these short-term impacts would be
relatively minor ‘during the non-wintering period (April through November) and
greatest during the wintering period (December through March). It is expected.
that these construction related activities would not extend the full 700 feet
from the source since the disturbance would be buffered by extensive vegeta-
tive cover and topographic barriers as- has been observed in other studies
(Edge et al., 1985). 1In summary, the indirect short-term impacts of the
seven-month construction period at this site would be minor during the non-
wintering period but would affect a relatively large number of animals during
the wintering period.
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ABSTRACT

On July 10, 2003, Ecosystem Management, Inc. (EMI) conducted a Class I archival search and a
Class Il pedestrian cultural resource survey of approximately 39 hectares (ha) (97 acres [ac]) near
Ambrosia Lake, McKinley County, New Mexico. The project consists of two survey areas. Survey
Area 1 is approximately 32 ha (80 ac) and is located within Township 14 North, Range 9 West,
Section 33 on the US Geological Survey (USGS) Ambrosia Lake, NM 7.5 minute quadrangle.
Survey Area 2 is approximately 7 ha (17 ac) and is located within Township 13 North, Range 9 West,
Section 3 on the US Geological Survey (USGS) Ambrosia Lake, NM 7.5 minute quadrangle.

Three previously unrecorded cultural resource sites (LA 140033, LA 140034, and LA 140035) and
five isolated occurrences (I0s) were identified and recorded during the Class I survey. LA 140033
is a prehistoric Puebloan ceramic and lithic scatter. LA 140034 is the remnants of an historic
structure and associated artifact scatter. LA 140035 is a Pueblo I period residential site consisting of
two jacal structures, a possible kiva depression, midden, and associated artifact scatter.
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INTRODUCTION/ PROJECT DESCRIPTION

On July 10, 2003, Ecosystem Management, Inc. (EMI) conducted a Class I archival search and a
Class IIT pedestrian cultural resource survey of approximately 28 hectares (ha) (97 acres [ac]) near
Ambrosia Lake, McKinley County, New Mexico. The project consists of two survey areas. Survey
Area 1 is approximately 32 ba (80 ac) and is located within Township 14 North, Range 9 West,
Section 33 on the US Geological Survey (USGS) Ambrosia Lake, NM 7.5 minute quadrangle.
Survey Area 2 is approximately 7 ha (17 ac) and is located within Township 13 North, Range 9 West,
Section 3 on the US Geological Survey (USGS) Ambrosia Lake, NM 7.5 minute quadrangle.

Three previously unrecorded cnltural resource sites (LA 140033, LA 140034, and LA 140035) and
five isolated occurrences (IOs) were identified and recorded during the Class I survey. LA 140033
is a prehistoric Puebloan ceramic and lithic scatter. LA 140034 is the remnants of an historic
structure and associated artifact scatter. LA 140035 is a Pusblo II period residential site consisting of
two jacal structures, a possible kiva depression, midden, and associated artifact scatter. LA 140034 is
recommended as not eligible for listing on the National Register of Historic Places. LA 140033 and
LA 140035 are recommended as eligible for listing on the National Register of Historic Places under

criterion D, information potential.

This undertaking complies with the provisions of the National Historic Preservation Act of 1966, as
amended through 1992, and applicable regulations. The report is consistent with applicable federal
and state standards for cultural resource management. The archaeological field work was completed
by Richard Burleson and Robert Phippen. Richard Burleson served as principal investigator and

Robert Phippen served as field director.
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Figure 1. Project location in northwest New Mexico.
Source: Recreational Map of New Mexico, GTR Mapping (2000 Edition)
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Figure 2. Ambrosia Lake 7.5-minute quadrangle showing survey area locations
ENVIRONMENTAL SETTING
Physiography

The project area is within the central portion of McKinley County in northwestern New Mexico
(Figure 1). This area is in the Navajo Section of the Colorado Plateau Province of the North American
continent. The Colorado Plateau is characterized by deep canyons, high altitude, steep escarpments,
flat plateaus comprised of gently dipping sedimentary rocks, and an arid climate (Thornbury 1965)
(Figure 3). The most distinctive structural feature of the province is its large number of monoclines.
The monoclines are broken throughout the province by structural basins and up warps of considerable
relief. Volcanic structures are concentrated around the platean’s margin but are also scattered

thronghout its interior (Kelley 1955).

The Navajo Section of the province is a poorly defined area of scarped plateaus that lack the degree |
of dissection that occurs elsewhere in the province (Thornbury 1965). Surfaces in the Navajo Section
are mesas, buttes, and cuestas rather than clinal ridges and hogbacks. The section is bounded on the
west and south by the Little Colorado River and the Echo Cliffs monocline near the Colorado River.:
The northern boundary is along the lower San Juan River to the Four Comners area, then northeast to
the San Juan Mountains. The southeast boundary extends from the Sierra Nacimiento to Mt. Taylor

and onward to the Puerco River. :

The Navajo Section has numerous volcanic features that include vents, flows, and pyroclastic deposits
that are referred to collectively as the Navajo-Hopi Volcanic Field. Other major structural features of
the section include the Black Mesa Basin, the Defiance Upwarp, and the San Juan Basin. The Navajo-
Hopi Volcanic Field is comprised of the Hopi Buttes, Monument Valley, and the Chuska Mountains.
Basalt-capped mesas and buttes are common throughout the section (Thormbury 1965).
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The exposed rocks of the Colorado Plateau range from the Precambrian to the Recent period in age
(Thombury 1965). Black Mesa is capped by the Cretaceous Mancos Shale and Mesa Verde Sandstonz
formations. The Defiance Upwarp has exposed the much older De Chelly Sandstone. The Navajo
Section 1s characterized as a basin with thick layers of gently dipping Mesozoic and Cenozoic
sedimentary shale, mudstone, and sandstone that contain coal seams. The area is generally
characterized as rolling plains with cuestas and tablelands capped by sandstone. Canyons are

typically broad and shallow (Williams 1986).

The character of the Colorado Plateau is a product of the interaction of three processes: uplift,
volcanism, and erosion. Erosion is the primary force that has created the extant landscape. The
tectonic event that uplifted the Colorado Plateau involved the westward movement of the North
American plate, beginning about 75 million years ago. Over a period of the next 25 million years, the
western portion of the North American plate broke, buckled, and was uplifted, forming the Rocky
Mountains. The following 45 million years has been degradation as material has been removed from
the surface of the plateau to form the Middle and Late Tertiary deposits in other regions. As recent as
10 million years ago, a large lake formed in what is now northeastern Arizona. Streams carried
eroded materials from the south, east, and north. This ancient lake is referred to as Hopi Lake

(Repenning et al. 1958).

As part of the plate tectonics, weak spots formed in the North American plate that allowed volcanic
pipes to form, and the Hopi Buttes volcanic field was created from 8 to 4 million years ago (Wenrich
1989). Explosive eruptions ejected large quantities of tuff and basalt flows that spread outward from
the vents. By the early Pleistocene, renewed uplift of the platean had drained Lake Hopi and
accelerated erosion from the province (Chronic 1983). The Colorado River was flowing through the
Gulf of California by this time, with increased channel cutting. The Colorado Plateau has eroded to a
greater degree than any other part of the United States (Thornbury 1965). The major drainages for the
project area are Mitchell Draw that borders the east side of the project area and the headwaters of the
Rio San Jose that is to the west and south of the project area. The project area elevation varies from
6915 ft in the sonthwestern portion of the project area to 6990 ft in the northeastern corner.

Climate

The climate is characterized as being arid to semi-arid with hot summers and mild winters.
Temperatures across northwestern New Mexico vary mainly as a result of elevation and latitude.
‘Winter temperatures drop about 1° centigrade (C) for every one- dngree increment in latitude. Summer
temperatures drop about 1°C for every 150 m (492 ft) increase in elevation (Sellers and Hill 1974).
For Grants, New Mexico (1971 to 2000 records), the mean average summer high temperature ranges
between 29° and 31° C (85° to 88° Fahrenheit [F]) and the average winter high temperature ranges .
between 7° and 10.5° C (46° to 51° F) The average numb 1 of frost-free days is about.120 days

(Bennett 1986: 38 47).

Annual precipitation for Grants, New Mexico (1971 to 2000 records), is 25.4 centimeters (cm) (10
inches [in]). Most precipitation occurs from July through October. Average snowfall in Grants is 30.4
cm (12 in). Summer precipitation originates primarily from the Gulf of Mexico and the Atlantic
Ocean. Precipitation from summer storms is brief, occurring primarily in the evening. These
thunderstorms tend to be localized. Winter precipitation originates from the Pacific Ocean (Sellers
and Hill 1974). Precipitation from winter storms is usually light to moderate. Most mountainous areas

receive winter precipitation as snow.
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The prevailing winds are from the southwest with winds from the west and southeast not uncommon.
The most frequent wind velocities range between 13 and 19 km per hour (8 to 12 mi per hour) from
March through June, with the predommate direction being from the southwest (Bennett 1986:50-51).

Biotic Communities

_ The project area lies in the Desert Scrub/Grasslands biotic community. This plant community is

dominated by two’cold-temperature conifers, juniper and pifion. Habitats tend to be rocky with
adjacent areas being grassland with parkland and savanna-like mosaics. The understory consists of
grasses and shrubs that include threadleaf groundsel, snakeweed, galleta grass, Indian ricegrass,
western wheatgrass, dropseeds, and junegrass. Shrubs include rabbitbrush, winterfat, and sagebrush.
Other plants not uncommon include cliffrose, Apache plume, Mormon-tea, fourwing saltbush, and

soapweed (Brown 1994:52-55).

The Desert Scrub/Grasslands has several distinctive mammalian species that follow the vegetation
communities of this biome. These taxa include pinyon mouse and the bushy-tailed woodrat (Brown
1994:52-55). Less common taxa include ground squirrel, kangaroo mouse, and vole. The coyote and
black-tailed jackrabbit are found throughout the province. Large ungulates are poorly represented,
with mule deer and elk being the most common. The pronghom occurs as an incursionary species

from adjacent or former grasslands.

Several avian species are characteristic of the Desert Scrub/Grasslands. These include the pinyon jay,
gray flycatcher, and black-throated gray warbler (Brown 1994:56). Other taxa in the region include
the plateau whiptail lizard, rattlesnake, and bobcat.

Paleoenvironment

Tt-is-estimated-from-adjacent-dendroclimatological-station-data-that there were_eleven periods,.each

lasting more than one decade, from A.D. 700 to 1330 during which the mean tree-ring width values
are more than 1.1 standard dsviation units above the mean. These eleven periods include the decades
A.D. 720 to 730, 780 to 800, 880 to 890, 910 to 920, 1010 to 1020, 1050 to 1070, 1110 to 1120, 1190
to 1200, 1230 to 1240, 1260 to 1270, and 1300 to 1330. These periods represent exceptionally wet
and cool climatic episodes. In climatic contrast, ten periods, each spanning one or more decades, of
exceptionally hot and dry years occurred from A.D. 700 to 710, 740 to 760, 830 to 840, 990 to 1000,
1030 to 1040, 1080 to 1100, 1130 to 1150, 1170 to 1180, 1210 to 1220, and 1280 to 1290 (Eck
1994:55). These climatic episodes of alternating exceptionally hot and dr) and cool and wet, events

would have directly affected human use of the project area.



Rio Aleom Minine Survev Ecosystem Manasement. Inc.

CULTURE HISTORY OVERVIEW
Paleoindian Period (11,000 to 6000 B.C.)

Paleoindian peoples are defined as early Holocene hunters and foragers who were the first to inhabit
the North American continent. Originally believed to be dependent on now extinct megafauna such as
bison, mammoth, and mastodon, recent research has shown that Paleoindian groups also utilized
varied floral and faunal resources (Cordell 1997). Material remains include a toolkit consisting of
lanceolate projectile points, end and side scrapers, knives, gravers, chisel gravers, drills, spokeshaves,
and utility flakes (Judge 1973:327). Regional settlement is believed to have been seasonal .although
some reoccnpation of campsites may have occurred. Kelley and Todd (1988) make a point that given
the new migrants unfamiliarity with newly encountered floral and faunal species, the Paleoindians
would have tended to concentrate on proven sources of food, i.e., migratory game animals such as
mammoth and bison. Paleoindian mobility is, therefore, explained by the necessity to follow wide-
ranging herd animals. Paleoindian sites are often found on promontories near water sources and are
generally within the seasonal range of herbivorous animals (Judge 1973:330).

The various Paleoindian cultures represented in the region include Clovis (9500-9000 B.C.), Folsom
(8800-8300 B.C.), and Plano Complexes (7000-6000 B.C.) (Irwin-Williams and Haynes 1970). In
the San Juan basin there is thought to be a lapse in human occupation between 8000 and 6600 B.C.,
possibly as a result in a decrease of effective moisture during this period (Stuart and Gauthier
1981:29; Vivian 1990:81). Also, Paleoindians likely occupied upland areas (elevations from 2,128 to
3,040 m [7,000 to 10,000 ft]) in the region (Stuart and Gauthier 1981:29). The Paleoindian toolkit
includes lanceolate projectile points/knives, end and side scrapers, knives, gravers, chisel gravers,
drills, spokeshaves, and utility flakes (Judge 1973). There is a growing diversification in tool kits
throughout the period, possibly explained by the extinction of megafauna later in the period and the
tendency for groups to settle into territories and focus on local resources in a more restricted area

(Stone 1999).
Archaic Period (6000 to 400 B.C.)

The Archaic period is characterized by continuation of the hunting and foraging economy of the
preceding Paleoindian period with technological adaptations to changing climatic conditions. Around
6000 B.C. the North American climate changed to a much warmer and drier Altithermal pattern,
causing widespread faunal and fioral changes (Cordell 1997). Most megafauna became extinct and
smaller modern species became predominant. Human populations adapted to these' changes and
material culture became diversified. A distinction is made between northern Archaic groups, referred
to as the Oshara Tradition (Irwin-Williams 1973), and more southerly groups, referred to as the
Cochise Tradition (Sayles and Antevs 1941). The Oshara Tradition includes five phases: Jay (5500~
4800 B.C.), Bajada (4800-3300 B.C.), San Jose (3300-1800 B.C.), Armijo (1800-800 B.C.) and En

Medio (800 B.C.~A.D. 400). This typological division is somewhat arbitrary as projectile point types
from both traditions frequently overlap. Both groups employ smallér point styles with shouldered
hafting elements occurring sometime around 3200B.C.

A growing reliance on plant foods during the Archaic penod is also eVJdenccd by grinding tools such
as one-handed manos and basin metates. Settlement patterns are diverse with no ecological
determinants except that Archaic populations tended to camp near areas of high floral ‘and faunal
diversity. Later in the period, ca. 1800 B.C., maize was introduced. In some areas maize is quicldy .
adopted and becomes a staple, in others it is less important compared to wild plant resources and is
not habitually grown until the Basketmaker m penod (Dello-Russo 1999).
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The first evidence of definable architecture appears during the middle-to-late Archaic period (1800
B.C.-A.D. 600). Pitstructures, archasologically defined by shallow oval enclosures surrounded by
postholes and often associated with fire-cracked rock, appear to have been used for short term or
seasonal habitation near abundant resource locations. This adaptation is scattered widely across the
San Juan Basin. Habitation and resource areas tend to be located near permanent water sources and on
upland dune ridges and mesa-canyon associations. Popnlations tended to depend on collecting wild
plant foods such as grass seeds, pifion nuts, juniper berries, hackberry, amaranth, and cacti (Vivian

1990:99~105).
Basketmaker Ii-lll Period (400 B.C. to A.D. 720)

The bzginning of the Basketmaker period (Basketmaker II 400 B.C. to A.D. 500) is characterized by

‘bunters/gatherers engaging in horticulture, while later in the period (Basketmaker Il A.D. 500-720)

storing excess foodstuffs beyond their seasonal needs. Instead of a mobile lifeway based on natural
resource abundance, these people begin a longer seasonal habitation and possibly even permanent
habitation in areas that are both productive for maize-based agriculture and seasonal hunting (Stuart
and Gauthier 1981:36). The timing of this shift in subsistence strategy seems to vary widely across
the southwest, and Stuart and Gauthier note that these changes are probably “fragile, sporadic and
determined by local population density”. They further note that this period is highly variable in terms
of settlement pattern and site size and that surface surveys may miss Archaic period remains that lie
beneath later occupations. The few consistent patterns during this period are the location of sites near
permanent water sources and their proximity to mountainous areas (Stuart and Gauthier 1981:409).

Later habitation sites increase in size indicating population aggregation into villages generally in
upland settings that average 1,976 m (6,500 ft) in elevation (Stuart and Gauthier 1981). Some authors
argue that some peoples retained the hunting and gathering lifeway and that these groups essentially
lived among sedentary groups (Stuart and Gauthier 1981). Pottery was developed at about A.D. 300
(Vivian 1990:99) and a significant reduction in the size of projectile point forms indicates the use of

the bow and arrow.

Pueblo I Period (A.D. 720 to 920)

The Pueblo I period is characterized by linear and crescent-shaped surface storage and living
structures in association with pitstructures. During this period there was a decrease in effective
moisture with an increasing oscillation in precipitation from year to year. Most aggregated
settlements were dependent on maize-based agriculture supplemented by seasonal hunting and wild
seed gathering. Wild plant foods were probably still very important in years when precxpltanon would
not parmit excess agricultural production to last throughout the winter.

In the Chaco Canyon area, the initial construction of “Great Houses” begins during the Pueblo 1
period (Vivian 1990). Previously undecorated pottery assumed new decorated forms that included
mineral-based paints and neck-banding on plain vessels (Dello-Russo 1992:43). Larger settlements
continued to be occupied in upland settings (Stuart and Gauthier 1981). In some areas populations
were more mobile with a segment of the population leaving seasonally and returning for the winter

and/or summer months (Schmader 1994).
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Pueblo Il Period (A.D. 820 to 1120)

The Pueblo 1T period is defined by the building of small, linear, above ground habitation structures or
roomblocks while retaining the pitstructure form as an auxiliary habitation or religious structure
(kiva). Initially, there is a trend in aggregated settlements to be at higher elevations in riverine
settings. By A.D. 1000, in nearly all areas of New Mexico, there is a reversal in this trend. There is an
abandonment of higher elevation areas in favor of lower elevation basin settings (Stuart and Gauthier
1981). Pottery types such as Red Mesa and Gallup Black-on-white are characteristic of the period.

In the central San Juan Basin, local adaptations are referred to as the Early Bonito phase—A.D. 920
to 1020—and the Classic Bonito phase—A.D. 1020 to 1120. These phases indicate a shift in
architecture and settlement patterns. The development of Chacoan communities begins, marked by
the construction of planned, multi-storied “Great Houses” and large “Great Kivas”. There is also a
continuation of small house sites with linear pueblos associated with subterranean kivas (Vivian
1990:203-206). The population is estimated to have increased throughout the period and six-fold in
the Chuska River Valley (Gillespe and Powers 1983). Subsistence resource shortfalls may have
become more common and maize-based farming becams more intensive with water control and
conservation features becoming more common (Vivian 1990:214). An extensive road system was
built that extended in a general radial pattern from Chaco Canyon to the margins of the San Juan
Basin (Nials et al. 1983). Tainter and Gillio (1980) relate the rapid growth of population during the
period in the San Mateo Valley that coincides with a period of increased and stable moisture. Pueblo
1T sites increase in density from approximately 4.8 per square mile early in the period, to 15.6 in the
middle and 28.4 in the latter stages. During the middle to late Pueblo II period Chacoan influence i in
the San Mateo area produced three outlier sites El Rito, San Mateo, and Kin Nizhoni.

Pueblo [l Period (A.D. 1120 to 1320)

The Pueblo III period was one of great change in the sonthwest. The San Juan Basin saw community
development in its peripheries such as at Mesa Verde, Cibola, and Acoma. The Chaco core area
fluoresces and then collapses with a general abandonment by the late 1170s. There is a reoccupation
of Chaco Canyon by Mesa Verde peoples during the 1175 to 1250 period based on the sudden
appearance of Mesa Verde style pottery and new pueblo construction as well as older pueblo
reconstruction. In the San Mateo Valley Tainter and Gillio (1980) portray a sudden drop in
population during the Hosta Butte Phase. The very high site density of the Late Pueblo II period
dropped to 5.2 per square mile after the first 50 years of the period. A brief reoccupation occurred at
approximately A.D. 1250 in the El Rito outlier area. Ceramics during this period relate to Mesa

Verde influence in the Chaco outlier system.

The Rio Grande districts saw an increase in population. Aggregation of peoples in the eastern pueblos
resulted in larger planned communities (50+ rooms). This probably resulted from a combination of
immigration and local population growth (Crown et al. 1996). In addition to population growth there
is a shift in settlements away from river terraces and floodplains to elevated upland settings. There
was a correspondmg shift to dry land agricultural techniques. New pottery decoration techmques were
adopted using vegetal-based paints to create the nearly ubiquitous Santa Fe Black-on-white type.

1

Pueblo IV Period (A.D. 1320 to 1540)

The Pueblo IV period is considered one of cultural fldrescence in the Rio Grande region (Wendorf
and Reed 1955). The tendency of aggregation into fewer and larger pueblos continued, and sites with
1000+ rooms are common in the Santa Fe (Galisteo), Chama, and Pajarito districts. These large
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settlements tend to be in riverine and valley bottom settings, lower in elevation than aggregated
settlements during the preceding Pueblo IIT period. Outlying small fieldhouse sites were also built
near varied resource areas (Snsad 1995). It is during the Pusblo IV period that the population is
considered to have reached its maximum levels, and material culture attained its most sophisticated
level. Glaze-painted pottery becomes predominant and is roughly contemporaneous with Katsina cult
iconography that indicates a new religion had spread into the region from the south (Adams 1991).
Pueblo IV sites in western NM are associated with ancestral villages of Acoma and Zuni. These are

located some distance from the project area.

Another development during this time is the migration of Athapaskan (Dinch and Apache) peoples
from the north. The arrival date of the Athapaskans into northwest New Mexico is debated by
scholars (Kelley 1982). Spanish colonists in the mid-sixteenth century referred to local Athapaskan
peoples as “Apaches”, and those living west of the Rio Grande as “Apaches de Navajo” (Brugge
1984). Exactly when the Navajo became distinct from other Apaches is not known. The subsistence
pattern of the early Navajo was probably based on horticulture combined with hunting and gathering.
Early Spanish records indicate the Navajo were farming by the early 1600s (McNitt 1972; Wozniak
1988), but whether they adopted horticulture from local Puebloan peoples or prior to their arrival in
the Dinetah is unclear (Bailey and Bailey 1986). Betancourt (1980) uses the presence or absence of
horticulture as the basis for distinction between the Navajo and other Athapaskan (Apache) peoples.

Historic Period (A.D. 1540 to Present)

The first Spanish colonial capital was established at the Tewa community of Yunge Oweenge in
1598. This changed Puebloan culture radically in economic, religious, social, and political terms.
Endemic disease; raiding by Navajo, Ute, Apache, and Comanche peoples; and the Spanish system of
land grants and mission establishmeant also took their toll. They drastically reduced traditionally held
areas and population. The first European presence in the Grants and Bluewater areas was during the
late sixteenth to mid-seventeenth centuries with Spanish exploratory and military expeditions. The
early Spanish community of San Rafael is an example of an early Spanish colonial occupation with
its mission and settlement. The arrival of the Spanish created tension between the indigenous peoples

and Europeans.

In 1599 the Spanish, under the command of Viceroy Don Juan de Ofate, conducted punitive military
action against Acoma Pueblo, killing some 500 residents and imprisoning, enslaving, and maiming
others. This action was in response to attacks on Spanish military scouting parties transgressing on
Pueblo lands. The Pueblo Revolt of 1680 was a reaction to Spanish authority and the revolt did
remove, temporarily, Spanish rule. In 1692, however, Spain with an army under De Vargas reasserted
its claim on northern New Mexico and held it until 1821 when Mexico won its independence. Mexico
held claim to what is now New Mexico until 1846 when the U.S. Army, under S. W. Kearny, took
possession of the territory during the U.S. and Mexico War. Throughout this period...

...The landscape produced a dispersed pattern of settlement consisting of numerous
small enclaves of population and culture. These Pueblo and Hispano villages bscame
bastions of cultural preservation, for they were at once so self-sufficient that they had
little need for the outside world and yet so poor that the outside world had little need
for them. In isolation they persisted for centuries, changing little [DeBuys 1985].

The San Juan Basin remained Navajo territory throughout the early historic period while the Ute
claimed the territory generally north of the San Juan River. The economy of the area was dominated
by sheep herding and small-scale agriculture. In 1863, the U. S. army forced an initial 8,000 Navajos
to relocate to the Mescalero Apache reservation at Bosque Redondo in east central New Mexico
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“(McNitt 1972). This action was a punitive reaction to raids by Navajos in the area and on the
community of Santa Fe in 1860. A punitive military expedition mounted by Kit Carson in the San
Juan Basin resulted in scorched earth policies and the persuasion of Navajo leaders Barboncito and
Delgado to gather their followers and relocate to Bosque Redondo. More militant leaders, such as
Manuelito, maintained guerilla warfare against the New Mexico militia and their Ute, Zuni, and Hopi
allies. At Bosque Redondo, the relocated Navajos faced starvation and extremely poor living
conditions that resulted in more than 2000 who died of disease and starvation. The Navajo returned to
the San Juan Basin in 1868 under the guidelines of the Treaty of 1868 that was negotiated in
Washington, D.C. by Federal officials and the Navajo leaders. In the 1870s a United States Army
facility was established along the eastern flank of the San Juan Basin (Williams 1986:112). The
facility was established to discourage periodic Navajo raiding of Puerco and Chama River

Euroamerican settlements.

Euroamerican settlements that include Grants, Coolidge, and Thoreau were established during the late
ninsteenth century. Their settlement coincided with the construction of the Atlantic and Pacific
railroad. The railroad made farming and ranching profitable. Mining and lumber milling developed in
response to cheaper shipping by railroad. The railroad stimulated economic development in the

Grants and Bluewater areas.

PREVIOUS ARCHAEOLOGICAL WORK

Prior to conducting the Class Il pedestrian field sﬁrvey, a site records search of the Archaeological
Records Management Section (ARMS) in Santa Fe identified 43 previously recorded sites within 1.6
km (1 mi) of the proposed project areas. These sites are summarized in Table 1.

Table 1. Recorded sites within 1.6 km (1 mi) of the project area.

Site LA # Cultural Affiliation Type Eligibility for
NRHP
18190 Anasazi Structural | Eligible
18193 Anasazi Structural Eligible
18194 Anasazi Structural | Eligible
18195 Anasazi Structural | Eligible
18196 Anasazi Structural | Eligible
18197 Anasazi Structural | Eligible
18198 . Anasazi Structural | Eligible
18199 Anasazi Structural | Eligible
18200 Anasazi Structural Eligible
18201 Anasazi Structural | Eligible
18202 Anasazi Structural | Eligible
18209 Anasazi Structural | Eligible
-} 18210 Anasazi Structural | Eligible
18211 Anasazi Structural | Eligible
18212 Anasazi Structural | Eligible
18214 Anasazi Structural | Eligible
18215 Anasazi Structural | Eligible
32684 Anasazi Structural | Eligible
32685 Anasazi : Structural | Eligible
32686 Anasazi Structural | Eligible
32688 Anasazi Structural Eligible
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Site LA # Cultural Affiliation Type Eligibility for
NRHP
32689 Anasazi Structural | Eligible
35102 Anasazi Structural | Eligible
50359 Anasazi Structural | Eligible
50360 Anasazi Structural | Eligible
50361 Anasazi Structural | Eligible
50362 Anasazi Structural | Eligible
50367 Anasazi Structural | Eligible
50368 Anasazi Structural | Eligible
50369 Anasazi Structural | Eligible
50370 Anasazi Structural Eligible
50371 Anasazi Strucrural | Eligible
50374 Anasazi Not listed | Not listed
50375 Anasazi Not listed | Not listed
50376 Anasazi Structural | Eligible
50377 Anasazi Structural | Eligible
50378 Anasazi Structural | Eligible
50379 Anasazi Structural | Eligible
50380 Anasazi Structural | Eligible
60606 Anasazi Structural | Eligible
82633 Anasazi Not listed | Not listed
82634 Anasazi Not listsd | Not listed
82635 Anasazi Not listed | Not listed
FIELD METHODS
Cultural Resources

The term “cultural resources” refers to any historic or prehistoric resource. The term *historic
property” specifically refers to a cultural resource that has been determined eligible for inclusion to
the National Register of Historic Places (NRHP). These terms imply a great deal more than
prehistoric and historic material remains, ruins, or standing structures. They encompass a wide range
of material remains that have the potential to provide information about the occupation of the project
area. These terms also refer to any records related to such a resource or property. A total of five
classes of historic properties (districts, buildings, structures, sites, and objects) are.defined as eligible
for listing on the NRHP (36 CFR 60.3). Usnally, historic properties are classified within more than

one of these categories.

Archaeological Categories

. Arcixaeologica] Site

A site is a concentration of -cultural remains

activities.

10

inferred to be the location of specific human
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o Archaeological Features
A feature is defined as nonportable cultural remains including but not limited to hearths,

storage pits, firepits, architecture, or undisturbed layers of dsposited material.

» Artifact
Artifacts are portable cultural remains that exhibit evidence of human use or alteration.

¢ Culturally Altered Landscape
A culturally altered landscape is a landscape modified by human activity, including but not

limited to roadways, agricnitural fields, farming terraces, and irrigation ditches or other water
control devices.

* Component
A site component is defined by the New Mexico State Historic Preservation Division as a

generally continuous site occupation with a single cultural affiliation.

s Historical Site
An historic site is a location, building, or neighborhood more than 50 years old.

Archival Research

A review of the previous archaeological and/or historical work carried out in the vicinity of the
project area was completed. This review included the records at the New Mexico Cultural Resources
Information System (NMCRIS) maintained by the Archaeological Resource Managemsnt Section

(ARMS).
Field Survey -

A 100 percent pedestrian survey (Class II) of the project area was conducted on July 10, 2003.
Nonoverlapping transects spaced at no greater than 15 m (50 ft) were used to'traverse the project
terrain. Cultural resources were recorded as a site using the following criteria: (1) ten or more artifacts
of two or more artifact classes or types within a 400 m” area; or, (2) the presence of a structure,
feature, or midden. Resources not meeting these criteria, in a severely disturbed, highly mobile
context, or isolated features with poor data potential were recorded as isolated occurrences (10s).

Sites were marked by driving a 46 centimeter (cm) (18 inch [in])-long metal rebar into the ground.
The rebars have an aluminum cap stamped with an EMI field number. All cultural resources were
documented using standard procedures and forms. No artifacts were collected. Archaeological site
and isolated occurrence locational information was collected using a GPS Garmin e-Trex Vista that has

an accuracy of =3 m (10 ft).

Two survey areas were inventoried (Figure 2). Survey Area 1 is approximately 32 ha (80 ac) and
Survey Area 2 is approximately 7 ha (17 ac). Sparse and low lying vegetation across the project area
allowed for an estimated 75 percent ground visibility. Three previously unrecorded archaeological
sites and five JOs were identified. Richard Burleson and Robert Phippen conducted the survey.
Richard Burleson served as principal investigator and Robert Phippen served as field director.

11
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SURVEY RESULTS

A tota] of three previously unrecorded cultural resource sites (LA 140033, LA 140034, and LA
140035) and five isolated occurrences were identified during the Class Il survey. The sites are

summarized bzlow,

Previously Unrecorded Sites

LA 140033 pEEm
Land Status: Private : S
Quadrangle: Ambrosia Lake, New Mexico
Site Type: Prehistoric

UTM Coordinates: Z13, 246119 E 3919977 N
Legal: TI3N, ROW, Section 3,

SE %, SE %, SE ¥

Site Dimensions: 25 m x 12 m (82 ft x 39 ft)
Elevation: 6740 ft

Topography: Hill slope/flat basin contact

- Vegetation: Desert Scrub/Grassland

Figure 3. Site overview; aspect south.

LA 140033 is a prehistoric artifact scatter that is associated with Pueblo II and possibly Pueblo III
activity during the period from A.D. 900 to A.D 1250. The site measures approximately 25 m N/S x
10 m E/W (82 ft x 39 ft) and is at an elevation of 6740 ft above mean sea level. It is located at the
base of a low hill and a flat that appears to be the remains of an ancient playa system. The location
provides a wide overview of the playas, plains, and mesas to the north and east. The vegetation
communities are desert scrub and grassland. The area has been severely overgrazed leaving stunted
woody scrub such as rabbitbrush, sand sage, and noxious grasses such as foxtail, stipa (needle and
thread), and three awn. Other species observed include snakeweed, winterfat, globe mallow, and
compositae. The composites form the most significant ground cover and prehistorically utilized

grasses such as dropseed are rare.

Cultural materials are limited to 9 artifacts. Eight of these are ceramics that have been derived from
three different vessels. Cibola Whiteware sherds without any diagnostic decoration and two different
corrugated vessels are represented by the artifacts. All of the sherds are originated from jars or ollas.
Moderately everted rims on the corrugated vessels may relate more closely to the Pueblo I period.
The lithic artifact is the distal portion of a white chert flake. No use wear was apparent. The ceramic
and lithic artifacts are deposited in a linear fashion along a flat area just below the tos of a gentle hill
slope. Although somewhat sparse, this arangement appears to represent a concentration that was
probably produced as the result of depositing refuse east of a feature area. Whether the feature is a
hearth, ramada or possibly a pitstructure, the location on the edge of the playa bed may indicate some
type of agricultural activity. The playa system is served by a series of canyons that drain south and

west into the site area.

Although the site is comprised of only nine artifacts, the- presence of the three vessels probably
indicates that there are subsurface cultural deposits. Further, the character of the artifact arrangement
and the possibility that it may represent a refuse midden increases the possibility that there was a
centralized activity area such as a feature, stmcture, or both. The potential for buried deposits are

12
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increased by the substantial amounts of sediment retained on the lower hillslope and bottomland. The
fine sediment is highly mobile during sheet washing episodes and could easily bury ephemeral
remains of a seasonally occupied site. The potential for subsurface deposits that may retain
chronological, economic or other cultural data to exist is sufficient for the site to be considered
eligible for nomination to the National Register of Historic Places and the State Register of Cultural

Properties.

13
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1A 140034

Land Status: Private

Quadrangle: Ambrosia Lake, New Mexico
Site Type: Historic

UTM Coordinates: Z13, 245659 E 3919972 N
Legal: T13N, ROW, Section 3

SE 14, SW 4%, SW Y%

Site Dimensions: 30m x 20 m (98 ft x 66 ft)
Elevation: 6955 ft

Topography: Rincon below hill top caprock
Vegetation: Desert Scrub/Grassland

Figure 6. Site overview; aspect north.

LA 140034 is an early 20" century historic Iocation exhibiting the remains of a chimney and
fireplace, but no associated structure. The 30 m x 20 m (98 ft x 66 ft) site is located at an elevation
of 6935 ft above mean sea level in a small rincon or alcove formsd in the limestone and sandstone
caprock of a low hill. The site feature is located on a flattened bench within the protected space. The
location provides a wide overview of the plains to the south. The vegetation is a desert
scrub/grassland association, but the area has been so overgrazed that very little remains of either

community.

The cultural remains consists of an historic structure and very sparse artifact scatter. “The most
obvious feature is a collapsed chimney and fireplace remnant. The feature has collapsed in two
directions across a leveled building pad area. The chimney and fireplace are constructed using locally
obtained, unmodified limestone and sandstone slabs. These were apparently loosely coursed without
the use of mortar. One section of the stacked stone elements remains semi-articulated as it fell
leaving the direction of fall indicated by the strike and dip of the masonry. A dense concentration of
-slabs at the east end of the fallen chimney is interpreted as the fireplace area. Some of the slabs that
appear to be lower portions of the structure are highly oxidized. The dimensions of the building pad
on which it was Jocated are somewhat eroded and highly disturbed by a rodent colony, but it is
approximately 5 m E/W x 3 mN/S (16 ft x 10 ft). Whether the pad supported a wood frame structure
is unknown. There are pieces of charcoal scattered over the area east of the structure and within the
rodent disturbance but there are no nails scattered around to indicate burning or dismantling of the
structure. Therefore, it may be inferred that the feature served a portable structure such as a cooks
tent. The scatter of artifacts is very sparse. One piece of purple glass derived from a thin walled flask
or phamaceutical bottle and a blue and white enamel ware basin were observed in the immsdiate
structure area. A friction 1id baking powder can was found downslope approximately 50 m (164 ft)
from the structure. No lid was present therefore dating the container is problematic.

The remaining feature is somewhat unique in its presumed association with whatever type of structure
it served. It was a labor intensive structure to build. However, there is very little artifactual material
and the area on which the building was located is severly disrupted. The amount of washing and
sediment turnover should have exposed any additional artifact dumps or structural material that was
buried.  Therefore, the likelihood for additional data potential is greatly reduced. If the
chimney/fireplace arrangement was intact and it's unique character better preserved, there may have
been a basis for potential eligibility to state and national registers. Given the absence of potential to
provide architectural, chronological, or functional data, the site is not considered eligible for inclusion
to the National Register of Historic Places or the State Register of Cultural Properties.
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1A 140035

Land Status: Private

Quadrangle: Ambrosia Lake, New Mexico
Site Type: Prehistoric

UTM Coordinates: Z13 245509 E 3920114 N
Legal: T13N, R9 W, Section 3

NWY, SWi, SWY

Site Dimensions: 95 mx 95 m (312 ft x312 ft)
Elevation: 6768 ft.

Topography: Mesa top and slope

Vegetation: Desert Scrub/Grassland

Figure 8. Site overview; aspect east.

Site LA 140035 is a cluster of prehistoric Anasazi structures and associated midden areas that relate
to Pueblo II activity during the period from AD.900 to A.D.1100. The 95m N/S x 95 mE/W (312 f1
x 312 ft) site is located on the north end/edge of a low rise at an elevation of 6970 feet above mean
sea level. The low, mesa-like landform affords the occupants with an overview of a wide valley and
associated drainages north from the edge of the elevated position. The vegetation is comprised of
desert scrub and grassland communities. The vegetation has been severely overgrazed leaving little

of the original community.

The cultural materials are centered around a small unit pueblo. Four features were identified on the
site. Feature 1is an 8 m N/S x 9 m E/W (26 ft x 30 ft) "C" shaped rubble mound. The roomblock is
comprised of masonry based jacal construction, and appears to represent three to five rooms. Room
divisions are evident where upright tabular slab jacal foundation elements form right angles at
corners. The masonry present is loose and not heaped. Therefore, it is assmumed that the structure
was exclusively jacal. Portions of the structure are highly deflated with no rubble heaping. This may
also indicate that the structure is jacal rather than masonry construction. The interior of the "C"
shaped roomblock is somewhat depressed and may or may not contain a small pit structure. A Sm
(16 ft) wide depression, designated Feature 2, is approximately 5 m ( 16 ft) east of the block and
considered to be the main pitstructure and probable kiva. The midden area is located east of the
depression. The ground surface is fairly well stabilized in the area and relatively few artifacts are
exposed. The highest density of artifacts are located on the slope north of the structure, and in
midden areas where washing has degraded the surface. Feature 3 is a 2-room jacal structure that
measures 3 m N/S x 4 m E/W (10 ft x 13 ft) that was probably built prior to the unit pueblo and kiva
arrangement. Potholes are excavated in each room of the structure. Feature 4 is cluster of tabular
stone and artifacts that occur downslope from the main structures. The function and character of
Feature 4 is not evident, The stone appears similar to that used in the main C-shaped structure, but
does not appear to represent a very large entity. This feature may be the remains of a small jacal

structure offset from the main site area.

The artifact assemblage consists of hundreds of ceramics scattered over a wide area. Lithic artifacts
are noticeably limited in number when compared to the number of sherds. One piece of Chinle Chert
was observed at the Feature 4 area. No groundstone was observed. The ceramics are predominantly
derived from corrugated ollas. Cibola whitewares include Kiatuthlana Black-on-white, Red Mesa
Black-on-white and what appears to be early Gallup Black-on-white. A variety of black-on-white
pottery that has common design modes with the Cibola whiteware tradition, but has very dark paste

and dark gray interior of the olla vessels were present throughout the site. The presence of the

Kiatuthlana B/W (A.D. 850 to 950), and Red Mesa B/W (A.D. 850 to 1050), indicates an occupation
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during the early portion of the Pueblo I period. Slight to moderately everted rims on the corrugated
vessels also point to the early and middle portion of the period. Therefore, the site may fit into a short

time span from approximately A.D. 950 to A.D. 1000.

The site design is typical of small, probably extended family residential sites. What is not typical is
the size of the pitstructure depression (probable kiva) at what appears to be a seasonal or possibly
special use site. The residential structure is placed on an unprotected, wide open hill top that is
distant from potential farming areas. Further, the mostly jacal structure appears to have been
inhabited for a short period of time due to the minimal midden buildup. Jacal roomblocks are more
common in the earlier portion of the P-TI sequence prior to A.D.1000, and the larger kivas are usually
not associated with the smaller jacal structures. Tainter and Gillio (1980) relate the increase in full
masonry structures in the mid-to latter portion of the period. Therefore, the presence of the kiva with
the larger “C” shaped jacal dwelling may point to a period of transition during the P-II period when
the Chaco Canyon influence greatly inhanced the population dynamics in the San Mateo Valley.
Over 30 previously recorded sites within 1.6 km (1 mi) of the project area have similar structural

arrangements with associated kivas.
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ISOLATED OCCURRENCES

Five isolated occurrences (IOs) were recorded during the survey and consist of four ceramics and
some fence remnants. Table 2 summarizes the five I0s. EMI considers the field recordation of the
10s as having exhausted their information potential and, therefore, they require no further work. None
of the IOs are deemed eligible for listing on the National Register of Historic Places or State Register
of Cultural Properties. Their locations are shown in Figure 10. '

Table 2. Isolated occurrences summaries.

10 | Description

1 1 ceramic, Corrugated grayware

2 | 1ceramic, Escavada Black-on-white

3 | 7 pieces of a fence remnant (secondary deposit)
4

5

1 ceramic, Corrugated grayware
1 ceramic, unidentified Cibola whiteware
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Figure 10. Isolated occurrences.

SUMMARY

A total of three previously unrecorded sites and five isolated occurrences were identified during the
Class III cultural resources inventory. LA 140033 is a prehistoric artifact scatter that is associated
with Pueblo IT and possibly Pueblo Il activity during the period from A.D. 900 to A.D 1250. The
potential for subsurface deposits that may retain chronological, economic or other cultural data to
exist is sufficient for the site to be considered eligible for nomination to the National Register of

20



-/

e’

Rio Algom Mining Survev Ecosvstem Management. Inc,

Historic Places and the State Register of Cultural Properties under criterion D, information potential.
LA 140034 is an early 20" century historic location exhibiting the remains of a chimney and
fireplace, but no associated structure. Given the absence of potential to provide architectural,
chronological, or functional data the site is not considered eligible for inclusion to the National
Register of Historic Places or the State Register of Cultural Properties. Site LA 140035 is a cluster of
prehistoric Anasazi structures and associated midden areas that relate to Pueblo II activity during the
period from A.D.900 to A.D.1100. The presence of structures and potential for further subsurface
deposits that may retain chronological, economic, or other cultural data to exist is sufficient for the
site to be considered eligible for nomination to the National Register of Historic Places and the State
Register of Cultural Properties under criterion D, information potential. It is recommended that LA

140033 and LA 140035 be avoided.
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ABSTRACT

On August 31, 2004, Ecosystem Management, Inc. (EMI) conducted a Class I archival search and a
Class III pedestrian cultural resource survey of approximately 18.58 hectares (ha) (45.91 acres [ac])
near Ambrosia Lake, McKinley County, New Mexico. The project is located within Township 14
North, Range 9 West, Sections 5 and 32 on the US Geological Survey (USGS) Ambrosia Lake, NM
7.5 minute quadrangle. .

A total of eight isolated occurrences (I0s) were identified and recorded during the Class III survey.
Their data potential has been exhausted by the present recording. No further cultural resource
investigations are recommended at this time.

-

(

Tlete - LR - . R -

{

—wm - "m



-
k3

Y
I

m “I | l'h _:.":.T.‘Iﬂ.w:" | :

C

TABLE OF CONTENTS

ABSTRACT ciirrecerteceriieneriesesesstesessessssassestasassssesassesssssstasssssssisssentss sestestonsssssassnssasssessesssesesanssnsastns i
INTRODUCTION/ PROJECT DESCRIPTION .....ccccoteerrucrriraescnereneesesressesissesessisssssssissssessassessonassssess 2
ENVIRONMENTAL SETTING ......ccconuseruerennneserennsnnssessssssssesessonassaeseseesssssessssssssssssssssssssssassassasssssssonses 3
Py SIOZIAPRY ettt crr ettt recse st r st e sae e sue s n st sa st s st e s st s bt st s e sr e e bR e R s bbb e R e R e b e snt s 3
CHIMNALE ... vvuiuirrirenrieieensieenieaessesesesstssesasssssasassssenesessssnsssssnnsssensessansstanestossstesesessessssssssssassssssnesnasnerssanssanes 4
BioticC COMMUNILIES ... .coveuirenrersricnestsreesasrsstsnsesaesssesassessssesssentessssssssssstessassessssmssssessessssonsorssnsnsssasenes 5
PalCOCNIVITOMMENL .....ecveiererenenenreenneenesesanseesssessaesssesesssssstossesssstssssssseessstsssesssasesssssnsasessesssnnsssnsosesseses 5
Paleoindian Period (11,000 t0 6000 B.C.) c.ucvrieireerenrnrceenrisenenseressecsostosssesssseessessssassssssessassnsasssssnsissssns 6
Archaic Period (6000 10 400 B.C.) ceuirierecermnenrincnrrnenstrsasessnssossssssseesssncsassressseseseesesssssmsssssssssasacsssssens 6
Basketmaker II-III Period (400 B.C. 10 A.D. 720)....c.cccviricrmnmrcncnmecenesesssecsssesssmessissessesssssssssessssessias 7
Pueblo I Period (A.D. 720 10 920)...ccrvemiiererirrnresremrsentsasesrensissssssesessessnssenissssesssnsssssssesssnsssasssssesensnes 7
Pueblo I Period (A.D. 920 10 1120)..ccccreeerrrecrnrirereensuesesessesssisnsnsssssessassasesssosssssossssessesssssessssessassossssassses 8
Pueblo T Period (A.D. 1120 t0 1320)....cceuererunrrrennsssnescsaresesesessesseesescsnsessmesssssssssessesssssossssesssssossnsassns 8
Pueblo IV Period (A.D. 1320 10 1540) c..covrcerierrinrrirneneicrssereneressssnsseesessessssessssssssessmsssssensssssanssessesseons 8
Historic Period (A.D. 1540 t0 PIESENL) ...ccveeurrrcurirsrenssiriniisimssessissssesssssosiossssssssssssssssssessssssssnsssssasarsencs 9
PREVIOUS ARCHAEOLOGICAL WORK......oorrrivercterenrevsrssncnssissssiesssiorisssssessessasssssnsssnssssssossses 10
FIELD METHODS ... eeteierriectrresnneseesesnansssensstessssansesssnesssssessssssesassssssssessssessessiosssssessssesssasssnssns 11
CUILUTAl RESOUITES ... courreerrrereirenassaenseseesaeseosisessssssssssssssssosmsssnsnsessanssssaseressssssssssssssntessessessesansssssssnsans 11
ATChACOI0ZICA] CatBROTIES .. ccuccveuiceeirenricrestesentestsinstsessesseseensaesesssssssessassssssssonsasesssessessassassresssonsastoseas 11
ATCRIVAL RESEATCH....curveniieeriisiciecntrisierertiesesseesaeesiesesesascssesssseetsassesesssbassssessossenssassasasnebsanssnssasssess 12
FIEIA SUIVEY ..ecuvereieriniiaereesesnrarstenssasnssensdsnssnssensesnssssssasessssesssssssssnesessssssas sosssossssosessassnessossassessasasosssesnen 12
SURVEY RESULTS. .....ccccoeenmrrerrnerrcnsascssesenene erertereesestrste e teaeasratesaereen et st et et e an et aanssbe kst ersorans 12
ISOLATED OCCURRENCES.......cccvtereertererensinessisensecssssnstssenssssssssessonassssssstsnsssssssssensssssessosassssassssane 13
SUMMARY ..tictirintrenneienencnniniesensesissstascsessostnsestessssssassssssasstsssssossssasassnsssstssesssassnssssss sessessssasassenses 14
REFERENCES CITED.......cocviitrteereriesistsssssrassssnssessossessssmsisssssssissssssstssssssssssssssessssssasssssssssesssssssnens 14
List of Tables
1. Recorded sites within 1.6 km (1 mi) of the project area........coocvrirserencrennisicsinsrsissvencscrsnnsnnesssens 11
2. Is0lated OCCUITENICES SUIMIMATIES ....eeererecsernrsrnsessarasnssansassessassesessssassrsssssstassossssesenssestossssssssesssssnsstssanes 22

List of Figures

1. The project area in northwestern NEeW MEXICO...cuvcmrerririeirineiinnisassisisiinisisnessssesistissssessssasrescsmsensens 2

2. Ambrosia Lake 7.5-minute quadrangle showmg Survey area locations .........coveecevvccensesrneerneccsseennns 3

3. 150]ated OCCIITENCES. .eevvveeriinene e irerericesbencer it cersesaeetenvre sttt eseerenssiessasnse  veossssins 13
ii



‘R

!'Ernt'n‘!

LB

h

ll B

~ur
<
Yo

Rio Algom Mining Survey Ecosvstem Management, Inc.

INTRODUCTION/ PROJECT DESCRIPTION

On August 31, 2004, Ecosystem Management, Inc. (EMI) conducted a Class I archival search and a
Class I pedestrian cultural resource survey of approximately 18.58 hectares (ha) (45.91 acres [ac])
near Ambrosia Lake, McKinley County, New Mexico. The project is located within Township 14
North, Range 9 West, Sections 5 and 32 on the US Geological Survey (USGS) Ambrosia Lake, NM

7.5 minute quadrangle.

A total of eight isolated occurrences (IOs) were identified and recorded during the Class III survey.
Their data potential has been exhausted by the present recording. No further cultural resource
investigations are recommended at this time.

This undertaking complies with the provisions of the National Historic Preservation Act of 1966, as
amended through 1992, and applicable regulations. The report is consistent with applicable federal
and state standards for cultural resource management. The archaeological field work was completed
by Richard Burleson and Robert Phippen. Richard Burleson served as principal investigator and

Robert Phippen served as field director.
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Figure 1. Project location in northwest New Mexico.
Source: Recreational Map of New Mexico, GTR Mapping (2000 Edition)
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Figure 2. Ambrosia Lake 7.5-minute quadrangle showing survey area location.
ENVIRONMENTAL SETTING
Physiography

The project area is within the central portion of McKinley County in northwestern New Mexico
(Figure 1). This area is in the Navajo Section of the Colorado Plateau Province of the North American
continent. The Colorado Plateaun is characterized by deep canyons, high altitude, steep escarpments,
flat plateaus comprised of gently dipping sedimentary rocks, and an arid climate (Thornbury 1965)
(Figure 3). The most distinctive structural feature of the province is its large number of monoclines.
The monoclines are broken throughout the province by structural basins and up warps of considerable
relief. Volcanic structures are concentrated around the plateau’s margin but are also scattered

throughout its interior (Kelley 1955).

The Navajo Section of the province is a poorly defined area of scarped plateaus that lack the degree
of dissection that occurs elsewhere in the province (Thornbury 1965). Surfaces in the Navajo Section
are mesas, buttes, and cuestas rather than clinal ridges and hogbacks. The section is bounded on the
west and south by the Little Colorado River and the Echo Cliffs monocline near the Colorado River.
The northern boundary is along the lower San Juan River to the Four Corners area, then northeast to
the San Juan Mountains. The southeast boundary extends from the Sierra Nacimiento to Mt. Taylor

and onward to the Puerco River.

The Navajo Section has numerous volcanic features that include vents, flows, and pyroclastic deposits
that are referred to collectively as the Navajo-Hopi Volcanic Field. Other major structural features of
the section include the Black Mesa Basin, the Defiance Upwarp, and the San Juan Basin. The Navajo-
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Hopi Volcanic Field is comprised of the Hopi Buttes, Monument Valley, and the Chuska Mountains.
Basalt-capped mesas and buttes are common throughout the section (Thomnbury 1965).

The exposed rocks of the Colorado Plateau range from the Precambrian to the Recent period in age
(Thombury 1965). Black Mesa is capped by the Cretaceous Mancos Shale and Mesa Verde Sandstone -
formations. The Defiance Upwarp has exposed the much older De Chelly Sandstone. The Navajo
Section is characterized as a basin with thick layers of gently dipping Mesozoic and Cenozoic
sedimentary shale, mudstone, and sandstone that contain coal seams. The area is generally
characterized as rolling plains with cuestas and tablelands capped by sandstone. Canyons are
typically broad and shallow (Williams 1986).

The character of the Colorado Plateau is a product of the interaction of three processes: uplift,
volcanism, and erosion. Erosion is the primary force that has created the extant landscape. The
tectonic event that uplifted the Colorado Plateau involved the westward movement of the North
American plate, beginning about 75 million years ago. Over a period of the next 25 million years, the
western portion of the North American plate broke, buckled, and was uplified, forming the Rocky
Mountains. The following 45 million years has been degradation as material has been removed from
the surface of the plateau to form the Middle and Late Tertiary deposits in other regions. As recent as
10 million years ago, a large lake formed in what is now northeastern Arizona. Streams carried
eroded materials from the south, east, and north. This ancient lake is referred to as Hopi Lake

(Repenning et al. 1958).

As part of the plate tectonics, weak spots formed in the North American plate that allowed volcanic
pipes to form, and the Hopi Buttes volcanic field was created from 8 to 4 million years ago (Wenrich
1989). Explosive eruptions ejected large quantities of tuff and basalt flows that spread outward from
the vents. By the early Pleistocene, renewed uplift of the plateau had drained Lake Hopi and
accelerated erosion from the province (Chronic 1983). The Colorado River was flowing through the
Gulf of California by this time, with increased channel cutting. The Colorado Plateau has eroded to a
greater degree than any other part of the United States (Thornbury 1965). The major drainages for the
project area are Mitchell Draw that borders the east side of the project area and the headwaters of the
Rio San Jose that is to the west and south of the project area. The project area elevation is
approximately 6900 feet above mean sea level.

Climate

The climate is characterized as being arid to semi-arid with hot summers and mild winters.
Temperatures across northwestern New Mexico vary mainly as a result of elevation and latitude.
Winter temperatures drop about 1° centigrade (C) for every one-degree increment in latitude. Summer
temperatures drop about 1°C for every 150 m (492 ft) increase in elevation (Sellers and Hill 1974).
For Grants, New Mexico (1971 to 2000 records), the mean average summer high temperature ranges
between 29° and 31° C (85° to 88° Fahrenheit [F]) and the average winter high temperature ranges
between 7° and 10.5° C (46° to 51° F). The average number of frost-free days is about 120 days

(Bennett 1986:38, 47).

Annual precipitation for Grants, New Mexico (1971 to 2000 records), is 25.4 centimeters (cm) (10
inches [in]). Most precipitation occurs from July through October. Average snowfall in Grants is 30.4
cm (12 in). Summer precipitation originates primarily from the Gulf of Mexico and the Atlantic
Ocean. Precipitation from summer storms is brief, occurring primarily in the evening. These
thunderstorms tend to be localized. Winter precipitation originates from the Pacific Ocean (Sellers
and Hill 1974). Precipitation from winter storms is usually light to moderate. Most mountainous areas
receive winter precipitation as snow.
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The prevailing winds are from the southwest with winds from the west and southeast not uncommon.
The most frequent wind velocities range between 13 and 19 km per hour (8 to 12 mi per hour) from
March through June, with the predominate direction being from the southwest (Bennett 1986:50-51).

Biotic Communities

The project area lies in the Desert Scrub/Grasslands biotic community. This plant community is
dominated by two cold-temperature conifers, juniper and pifion. Habitats tend to be rocky with
adjacent areas being grassland with parkland and savanna-like mosaics. The understory consists of
grasses and shrubs that include threadleaf groundsel, snakeweed, galleta grass, Indian ricegrass,
western wheatgrass, dropseeds, and junegrass. Shrubs include rabbitbrush, winterfat, and sagebrush.
Other plants not uncommon include cliffrose, Apache plume, Mormon-tea, fourwing saltbush, and
soapweed (Brown 1994:52-55).

The Desert Scrub/Grasslands has several distinctive mammalian species that follow the vegetaticn
communities of this biome. These taxa include pinyon mouse and the bushy-tailed woodrat (Brown
1994:52-55). Less common taxa include ground squirrel, kangaroo mouse, and vole. The coyote and
black-tailed jackrabbit are found throughout the province. Large ungulates are poorly represented,
with mule deer and elk being the most common. The pronghorn occurs as an incursionary species
from adjacent or former grasslands.

Several avian species are characteristic of the Desert Scrub/Grasslands. These include the pinyon jay,
gray flycatcher, and black-throated gray warbler (Brown 1994:56). Other taxa in the region include
the plateau whiptail lizard, rattlesnake, and bobcat.

Paleoenvironment

It is estimated from adjacent dendroclimatological station data that there were eleven periods, each
lasting more than one decade, from A.D. 700 to 1330 during which the mean tree-ring width values
are more than 1.1 standard deviation units above the mean. These eleven periods include the decades
A.D. 720 to 730, 780 to 800, 880 to 890, 910 to 920, 1010 to 1020, 1050 to 1070, 1110 to 1120, 1190
to 1200, 1230 to 1240, 1260 to 1270, and 1300 to 1330. These periods represent exceptionally wet
and cool climatic episodes. In climatic contrast, ten periods, each spanning one or more decades, of
exceptionally hot and dry years occurred from A.D. 700 to 710, 740 to 760, 8§30 to 840, 990 to 1000,
1030 to 1040, 1080 to 1100, 1130 to 1150, 1170 to 1180, 1210 to 1220, and 1280 to 1290 (Eck
1994:55). These climatic episodes of alternating exceptionally hot and dry, and cool and wet, events
would have directly affected human use of the project area.
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CULTURE HISTORY OVERVIEW
Paleoindian Period (11,000 to 6000 B.C.)

Paleoindian peoples are defined as early Holocene hunters and foragers who were the first to inhabit
the North American continent. Originally believed to be dependent on now extinct megafauna such as
bison, mammoth, and mastodon, recent research has shown that Paleoindian groups also utilized
varied floral and faunal resources (Cordell 1997). Material remains include a toolkit consisting of
lanceolate projectile points, end and side scrapers, knives, gravers, chisel gravers, drills, spokeshaves,
and utility flakes (Judge 1973:327). Regional settlement is believed to have been seasonal although
some reoccupation of campsites may have occurred. Kelley and Todd (1988) make a point that given
the new migrants unfamiliarity with newly encountered floral and faunal species, the Paleoindians
would have tended to concentrate on proven sources of food, i.e., migratory game animals such as
mammoth and bison. Paleoindian mobility is, therefore, explained by the necessity to follow wide-
ranging herd animals. Paleoindian sites are often found on promontories near water sources and are
generally within the seasonal range of herbivorous animals (Judge 1973:330).

The various Paleoindian cultures represented in the region include Clovis (9500-9000 B.C.), Folsom
(8800-8300 B.C.), and Plano Complexes (7000-6000 B.C.) (Irwin-Williams and Haynes 1970). In
the San Juan basin there is thought to be a lapse in human occupation between 8000 and 6600 B.C.,
possibly as a result in a decrease of effective moisture during this period (Stuart and Gauthier
1981:29; Vivian 1990:81). Also, Paleoindians likely occupied upland areas (elevations from 2,128 to
3,040 m [7,000 to 10,000 ft]) in the region (Stuart and Gauthier 1981:29). The Paleoindian toolkit
includes lanceolate projectile points/knives, end and side scrapers, knives, gravers, chisel gravers,
drills, spokeshaves, and utility flakes (Judge 1973). There is a growing diversification in tool kits
throughout the period, possibly explained by the extinction of megafauna later in the period and the
tendency for groups to settle into territories and focus on local resources in a more restricted area

(Stone 1999).
Archaic Period (6000 to 400 B.C.)

The Archaic period is characterized by continuation of the hunting and foraging economy of the
preceding Paleoindian period with technological adaptations to changing climatic conditions. Around
6000 B.C. the North American climate changed to a much warmer and drier Altithermal pattern,
causing widespread faunal and floral changes (Cordell 1997). Most megafauna became extinct and
smaller modern species became predominant. Human populations adapted to these changes and
material culture became diversified. A distinction is made between northern Archaic groups, referred
to as the Oshara Tradition (Irwin-Williams 1973), and more southerly groups, referred to as the
Cochise Tradition (Sayles and Antevs 1941). The Oshara Tradition includes five phases: Jay (5500-
4800 B.C.), Bajada (4800-3300 B.C.), San Jose (3300-1800 B.C.), Armijo (1800-800 B.C.) and En
Medio (800 B.C.—A.D. 400). This typological division is somewhat arbitrary as projectile point types
from both traditions frequently overlap. Both groups employ smaller point styles with shouldered
hafting elements occurring sometime around 3200 B.C.

A growing reliance on plant foods during the Archaic period is also evidenced by grinding tools such
as one-handed manos and basin metates. Settlement patterns are diverse with no ecological
determinants except that Archaic populations tended to camp near areas of high floral and faunal
diversity. Later in the period, ca. 1800 B.C., maize was introduced. In some areas maize is quickly
adopted and becomes a staple, in others it is less important compared to wild plant resources and is
not habitually grown until the Basketmaker III period (Dello-Russo 1999). .
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The first evidence of definable architecture appears during the middle-to-late Archaic period (1800
B.C.—-A.D. 600). Pitstructures, archaeologically defined by shallow oval enclosures surrounded by
postholes and often associated with fire-cracked rock, appear to have been used for short term or
seasonal habitation near abundant resource locations. This adaptation is scattered widely across the
San Juan Basin. Habitation and resource areas tend to be located near permanent water sources and on
upland dune ridges and mesa-canyon associations. Populations tended to depend on collecting wild
plant foods such as grass seeds, pifion nuts, juniper berries, hackberry, amaranth, and cacti (Vivian

1990:99-105).
Basketmaker l-lil Period (400 B.C. to A.D. 720)

The beginning of the Basketmaker period (Basketmaker II 400 B.C. to A.D. 500) is characterized by
hunters/gatherers engaging in horticulture, while later in the period (Basketmaker IIT A.D. 500~720)
storing excess foodstuffs beyond their seasonal needs. Instead of a mobile lifeway based on natural
resource abundance, these people begin a longer seasonal habitation and possibly even permanent
habitation in areas that are both productive for maize-based agriculture and seasonal hunting (Stuart
and Gauthier 1981:36). The timing of this shift in subsistence strategy seems to vary widely across
the southwest, and Stuart and Gauthier note that these changes are probably “fragile, sporadic and
determined by local population density”. They further note that this period is highly variable in terms
of settlement pattern and site size and that surface surveys may miss Archaic period remains that lie
beneath later occupations. The few consistent patterns during this period are the location of sites near
permanent water sources and their proximity to mountainous areas (Stuart and Gauthier 1981:409).

Later habitation sites increase in size indicating population aggregation into villages generally in
upland settings that average 1,976 m (6,500 ft) in elevation (Stuart and Gauthier 1981). Some authors
argue that some peoples retained the hunting and gathering lifeway and that these groups essentially
lived among sedentary groups (Stuart and Gauthier 1981). Pottery was developed at about A.D. 300
(Vivian 1990:99) and a significant reduction in the size of projectile point forms indicates the use of
the bow and arrow.

Pueblo I Period (A.D. 720 to 920)

The Pueblo I period is characterized by linear and crescent-shaped surface storage and living
structures in association with pitstructures. During this period there was a decrease in effective
moisture with an increasing oscillation in precipitation from year to year. Most aggregated
settlements were dependent on maize-based agriculture supplemented by seasonal hunting and wild
seed gathering. Wild plant foods were probably still very important in years when precipitation would
not permit excess agricultural production to last throughout the winter.

In the Chaco Canyon area, the initial construction of “Great Houses” begins during the Pueblo 1
period (Vivian 1990). Previously undecorated pottery assumed new decorated forms that included
mineral-based paints and neck-banding on plain vessels (Dello-Russo 1992:43). Larger settlements
continued to be occupied in upland settings (Stuart and Gauthier 1981). In some areas populations
were more mobile with a segment of the population leaving seasonally and returning for the winter
and/or summer months (Schmader 1994)..
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Pueblo Il Period (A.D. 920 to 1120)

The Pueblo II period is defined by the building of small, linear, above ground habitation structures or
roomblocks while retaining the pitstructure form as an auxiliary habitation or religious structure
(kiva). Initially, there is a trend in aggregated settlements to be at higher elevations in riverine
settings. By A.D. 1000, in nearly all areas of New Mexico, there is a reversal in this trend. There is an
abandonment of higher elevation areas in favor of lower elevation basin settings (Stuart and Gauthier
1981). Pottery types such as Red Mesa and Gallup Black-on-white are characteristic of the period.

In the central San Juan Basin, local adaptations are referred to as the Early Bonito phase—A.D. 920
to 1020—and the Classic Bonito phase—A.D. 1020 to 1120. These phases indicate a shift in
architecture and settlement patterns. The development of Chacoan communities begins, marked by
the construction of planned, multi-storied “Great Houses” and large “Great Kivas™. There is also a
continuation of small house sites with linear pueblos associated with subterranean kivas (Vivian
1990:203-206). The population is estimated to have increased throughout the period and six-fold in
the Chuska River Valley (Gillespe and Powers 1983). Subsistence resource shortfalls may have
become more common and maize-based farming became more intensive with water control and
conservation features becoming more common (Vivian 1990:214). An extensive road system was
built that extended in a general radial pattern from Chaco Canyon to the margins of the San Juan
Basin (Nials et al. 1983). Tainter and Gillio (1980) relate the rapid growth of population during the
period in the San Mateo Valley that coincides with a period of increased and stable moisture. Pueblo
II sites increase in density from approximately 4.8 per square mile early in the period, to 15.6 in the
middle and 28.4 in the latter stages. During the middle to late Pueblo II period Chacoan influence in
the San Mateo area produced three outlier sites El Rito, San Mateo, and Kin Nizhoni. Recent survey
data in the project area indicates Pueblo II period occupation (Burleson and Phippen 2003).

Pueblo lll Period (A.D. 1120 to 1320)

The Pueblo III period was one of great change in the southwest. The San Juan Basin saw community
development in its peripheries such as at Mesa Verde, Cibola, and Acoma. The Chaco core area
fluoresces and then collapses with a general abandonment by the late 1170s. There is a reoccupation
of Chaco Canyon by Mesa Verde peoples during the 1175 to 1250 period based on the sudden
appearance of Mesa Verde style pottery and new pueblo construction as well as older pueblo
reconstruction. In the San Mateo Valley Tainter and Gillio (1980) portray a sudden drop in
population during the Hosta Butte Phase. The very high site density of the Late Pueblo II period
dropped to 5.2 per square mile after the first 50 years of the period. A brief reoccupation occurred at
approximately A.D. 1250 in the El Rito outlier area. Ceramics during this period relate to Mesa
Verde influence in the Chaco outlier system. :

The Rio Grande districts saw an increase in population. Aggregation of peoples in the eastern pueblos
resulted in larger planned communities (50+ rooms). This probably resulted from a combination of
immigration and local population growth (Crown et al. 1996). In addition to population growth there
is a shift in settlements away from river terraces and floodplains to elevated upland settings. There
was a corresponding shift to dry land agricultural techniques. New pottery decoration techniques were
adopted using vegetal-based paints to create the nearly ubiquitous Santa Fe Black-on-white type.

Pueblo IV Period (A.D. 1320 to 1540)

The Pueblo IV period is considered one of cultural florescence in the Rio Grande region (Wendorf
and Reed 1955). The tendency of aggregation into fewer and larger pueblos continued, and sites with



Rio Algom Mining Survey Ecosvstem Management. Inc.

1000+ rooms are common in the Santa Fe (Galisteo), Chama, and Pajarito districts. These large
settlements tend to be in riverine and valley bottom settings, lower in elevation than aggregated
settlements during the preceding Pueblo III period. Outlying small fieldhouse sites were also built
near varied resource areas (Snead 1995). It is during the Pueblo IV period that the population is
considered to have reached its maximum levels, and material culture attained its most sophisticated
level. Glaze-painted pottery becomes predominant and is roughly contemporaneous with Katsina cult
iconography that indicates a new religion had spread into the region from the south (Adams 1991).
Pueblo IV sites in western NM are associated with ancestral villages of Acoma and Zuni. These are
located some distance from the project area.

Another development during this time is the migration of Athapaskan (Dineh and Apache) peoples
from the north. The arrival date of the Athapaskans into northwest New Mexico is debated by
scholars (Kelley 1982). Spanish colonists in the mid-sixteenth century referred to local Athapaskan
peoples as “Apaches”, and those living west of the Rio Grande as “Apaches de Navajo” (Brugge
1984). Exactly when the Navajo became distinct from other Apaches is not known. The subsistence
pattern of the early Navajo was probably based on horticulture combined with hunting and gathering.
Early Spanish records indicate the Navajo were farming by the early 1600s (McNitt 1972; Wozniak
1988), but whether they adopted horticulture from local Puebloan peoples or prior to their arrival in
the Dinetah is unclear (Bailey and Bailey 1986). Betancourt (1980) uses the presence or absence of
horticulture as the basis for distinction between the Navajo and other Athapaskan (Apache) peoples.

Historic Period (A.D. 1540 to Present)

The first Spanish colonial capital was established at the Tewa community of Yunge Oweenge in
1598. This changed Puebloan culture radically in economic, religious, social, and political terms.
Endemic disease; raiding by Navajo, Ute, Apache, and Comanche peoples; and the Spanish system of
land grants and mission establishment also took their toll. They drastically reduced traditionally held
areas and population. The first European presence in the Grants and Bluewater areas was during the
late sixteenth to mid-seventeenth centuries with Spanish exploratory and military expeditions. The
early Spanish community of San Rafael is an example of an early Spanish colonial occupation with
its mission and settlement. The arrival of the Spanish created tension between the indigenous peoples

and Europeans.

In 1599 the Spanish, under the command of Viceroy Don Juan de Oiiate, conducted punitive military
action against Acoma Pueblo, killing some 500 residents and imprisoning, enslaving, and maiming
others. This action was in response to attacks on Spanish military scouting parties transgressing on
Pueblo lands. The Pueblo Revolt of 1680 was a reaction to Spanish authority and the revolt did
remove, temporarily, Spanish rule. In 1692, however, Spain with an army under De Vargas reasserted
its claim on northern New Mexico and held it until 1821 when Mexico won its independence. Mexico
held claim to what is now New Mexico until 1846 when the U.S. Army, under S. W. Keamny, took
possession of the territory during the U.S. and Mexico War. Throughout this period...

...The landscape produced a dispersed pattern of settlement consisting of numerous
small enclaves of population and culture. These Pueblo and Hispano villages became
bastions of cultural preservation, for they were at once so self-sufficient that they had
little need for the outside world and yet so poor that the outside world had little need
for them. In isolation they persisted for centuries, changing little [DeBuys 1985].

The San Juan Basin remained Navajo territory throughout the early historic period while the Ute
claimed the territory generally north of the San Juan River. The economy of the area was dominated
by sheep herding and small-scale agriculture. In 1863, the U. S. army forced an initial 8,000 Navajos
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to relocate to the Mescalero Apache reservation at Bosque Redondo in east central New Mexico
(McNitt 1972). This action was a punitive reaction to raids by Navajos in the area and on the
community of Santa Fe in 1860. A punitive military expedition mounted by Kit Carson in the San
Juan Basin resulted in scorched earth policies and the persuasion of Navajo leaders Barboncito and
Delgado to gather their followers and relocate to Bosque Redondo. More militant leaders, such as
Manuelito, maintained guerilla warfare against the New Mexico militia and their Ute, Zuni, and Hopi
allies. At Bosque Redondo, the relocated Navajos faced starvation and extremely poor living
conditions that resulted in more than 2000 who died of disease and starvation. The Navajo returned to
the San Juan Basin in 1868 under the guidelines of the Treaty of 1868 that was negotiated in
Washington, D.C. by Federal officials and the Navajo leaders. In the 1870s a United States Army
facility was established along the eastern flank of the San Juan Basin (Williams 1986:112). The
facility was established to discourage periodic Navajo raiding of Puerco and Chama River
Euroamerican settlements.

Euroamerican settlements that include Grants, Coolidge, and Thoreau were established during the late
ninsteenth century. Their settlement coincided with the construction of the Atlantic and Pacific
railroad. The railroad made farming and ranching profitable. Mining and lumber milling developed in
response to cheaper shipping by railroad. The railroad stimulated economic development in the

Grants and Bluewater areas.

PREVIOUS ARCHAEOLOGICAL WORK

Prior to conducting the Class III pedestrian field survey, a site records search of the Archaeological
Records Management Section (ARMS) in Santa Fe identified 46 previously recorded sites within 1.6
km (1 mi) of the proposed project areas. These sites are summarized in Table 1.

Table 1. Recorded sites within 1.6 km (1 mi) of the project area.

Site LA # Cultural Affiliation Type Eligibility for
NRHP
18190 Anasazi Structural Eligible
18193 Anasazi Structural Eligible
18194 Anasazi Structural Eligible
18195 Anasazi Structural Eligible
18196 Anasazi Structural Eligible
18197 Anasazi Structural Eligible
18198 Anasazi - Structural Eligible
18199 Anasazi Structural Eligible
18200 Anasazi . Structural Eligible
18201 Anasazi Structural - | Eligible
18202 Anasazi Structural Eligible
18209 Anasazi Structural Eligible
18210 Anasazi Structural Eligible
18211 Anasazi Structural Eligible
18212 Anasazi Structural Eligible
18214 Anasazi Structural Eligible
18215 Anasazi Structural Eligible
32684 Anasazi Structural Eligible
32685 Anasazi | Structural Eligible
32686 Anasazi Structural Eligible

10
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Site LA# Cultural Affiliation Type Eligibility for
. NRHP
32688 Anasazi Structural Eligible
32689 Anasazi Structural Eligible
35102 Anasazi Structural Eligible
50359 Anasazi Structural Eligible
50360 Anasazi Structural Eligible
50361 Anasazi Structural Eligible
50362 Anasazi Structural Eligible
50367 Anasazi Structural Eligible
50368 Anasazi Structural Eligible
50369 Anasazi Structural Eligible
50370 Anasazi Structural Eligible
50371 Anasazi Structural Eligible
50374 Anasazi Not listed Not listed
50375 Anasazi Not listed Not listed
50376 Anasazi Structural Eligible
50377 Anasazi Structural Eligible
50378 Anasazi Structural Eligible
50379 Anasazi Structural Eligible
50380 Anasazi Structura) Eligible
60606 Anasazi Structural Eligible
82633 Anasazi | Not listed Not listed
82634 Anasazi Not listed Not listed
82635 Anasazi Not listed Not listed
140033 Anasazi Nonstructural | Eligible
140034 Historic Structural Eligible
140035 Anasazi Structural Eligible

~ FIELD METHODS

Cultural Resources

The term “cultural resources™ refers to any historic or prehistoric resource. The term “historic
property” specifically refers to a cultural resource that has been determined eligible for inclusion to
the National Register of Historic Places (NRHP). These terms imply a great deal more than
prehistoric and historic material remains, ruins; or standing structures. They encompass a wide range
of material remains that have the potential to provide information about the occupation of the project
area. These terms also refer to any records related to such a resource or property. A total of five
classes of historic properties (districts, buildings, structures, sites, and objects) are defined as eligible
for listing on the NRHP (36 CFR 60.3). Usnually, historic properties are classified within more than
" one of these categories.

Archaeological Categories

¢ Archacological Site
A site is a concentration of cultural remains inferred to be the location of specific human

activities.

11
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* Archaeological Features
A feature is defined as nonportable cultural remains including but not limited to hearths,

storage pits, firepits, architecture, or undisturbed layers of deposited material.

s Artifact
Artifacts are portable cultural remains that exhibit evidence of human use or alteration.

e  Culturally Altered Landscape
A culturally altered landscape is a landscape modified by human activity, including but not
limited to roadways, agricultural fields, farming terraces, and irrigation ditches or other water
control devices.

e Component
A site component is defined by the New Mexico State Historic Preservation Division as a

generally continuous site occupation with a single cultural affiliation.

e Historical Site
An historic site is a location, building, or neighborhood more than 50 years old.

Archival Research

A review of the previous archaeological and/or historical work carried out in the vicinity of the
project area was completed. This review included the records at the New Mexico Cultural Resources
Information System (NMCRIS) maintained by the Archaeological Resource Management Section

(ARMS).
Field Survey .

A 100 percent pedestrian survey (Class III) of the project area was conducted on August 31, 2004.
Nonoverlapping transects spaced at no greater than 15 m (50 ft) were used to traverse the project
terrain. Cultural resources were recorded as a site using the following criteria: (1) ten or more artifacts
of two or more artifact classes or types within a 400 m® area; or, (2) the presence of a structure,
feature, or midden. Resources not meeting these criteria, in a severely disturbed, highly mobile
context, or isolated features with poor data potential were recorded as isolated occurrences (I0s).

Sites were to be marked by driving a 46 centimeter (cm) (18 inch [in])-long metal rebar into the
ground. The rebars have an aluminum cap stamped with an EMI field number. All cultural resources
were to be documented using standard procedures and forms. No artifacts were collected.
Archaeological site and isolated occurrence locational information was collected using a GPS Garmin
e-Trex Vista that has an accuracy of = 3 m (10 ft). No sites were identified.

Sparse and low lying vegetation across the project area allowed for an estimated 75 percent ground

visibility. Three previously unrecorded archaeological sites and five I0s were identified. Richard
Burleson served as principal investigator and field director.

SURVEY RESULTS

No previously recorded or unrecorded cultural resource sites and eight isolated occurrences were
identified during the Class III survey.

12
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ISOLATED OCCURRENCES

Eight isolated occurrences (10s) were recorded during the survey. Table 2 summarizes the eight 10s.
- EMI considers the field recordation of the I0s as having exhausted their information potential and,
therefore, they require no further work. None of the 10s are deemed eligible for listing on the
National Register of Historic Places or State Register of Cultural Properties. Their locations are

shown in Figure 10.

Table 2. Isolated occurrences summaries.

10 | Description UTM Location; Zone 13
1 Sandstone slab metate fragment 244990 E; 3919794 N
2 Highly weathered sandstone mano fragment 245173 E; 3919825 N
3 | Nine corrugated whiteware sherds 245020 E; 3919981 N
4 | Two unidentified Cibola whiteware sherds 244964 E; 3919942 N
5 Highly weathered sandstone mano fragment 244849 E; 3919703 N
6 | Three Puerco Black-on-white sherds 244727 E; 3919739 N
7 | Three Chaco Black-on-white sherds 244777 E; 3919969 N
8 One corrugated whiteware sherd 244725 E; 3919966 N

TR 104

Figure 3. Isolated occurrences.
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SUMMARY

A total of eight isolated occurrences were identified during the Class III cultural resources inventory.
All of the isolated occurrences relate to the Late Pueblo II period from A.D. 1075 to A.D 1150. This
assessment is based on the presence of Chaco Black-on-white and Chaco McElmo Black-on-white
ceramics identified within the project area. The project area is situated on a flat, between areas of
higher topographic relief that contain Pueblo I period residential sites. The isolated occurrences
identified during this survey are likely material remains from those sites located just east and west of

the current project area.
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ABSTRACT

This report summarizes an intensive cultural resources inventory survey of 32 ha (BO ac) of
New Mexico State Trust Land slated for mining reclamation south of Ambrosia Lake in southeastern

McKinley County. Legal description of the property is:

T14N, R9W  Section 32 EY: of the SWk;
SWY¥ of the NW¥ of the SEY%;
SWY of the SW¥% of the SE%;
portions of the NWk%;
and SE¥% of the SW of the SE%.

Mr. Peter Luthiger of Quivira Mining Company, Inc. requested the survey. Archaeological survey
‘led to the discovery of 15 isolated occurrences {I.0.s}, but no archaeological sites.
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INTRODUCTION

On April 9 and 10, 1997, personnel from Southwest Archaeological Consultants, Inc.
{Southwest) conducted a cultural resources survey of approximately 32.4 ha (80 acres) in
southeastern McKinley County, New Mexico for Quivira Mining Company (Quivira). The project
area is in the central portion of an unnamed valley south of San Mateo Mesa, approximately 19.3
km (12 mi} east-northeast of Prewitt and 16.1 km (10 mi) northwest of San Mateo, New Mexico
{Figure 1). Owned by the state of New Mexico, project lands border the east side of Quivira’s
Kermac Nuclear Fuels Processing Plant and tailings dump complex (Figure 2). Legal description of

the property is:

T14N, ROW  Section 32 EY: of the SW¥k%;
SW¥% of the NW¥% of the SE%;
SW¥ of the SWY of the SEY;
portions of the NWY%;
and SE¥% of the SW¥ of the SE%.

Mr. Peter Luthtiger of Quivira Mining Company requested the survey in accordance with
state and federal laws on mining reclamation. The study area is slated for clean up and reclamation;
the area is immediately downwind from the once-exposed uranium tailings pile that accumulated
during operation of the Homestake-New Mexico Partners Mine. Thus, the ground surface was
subject to aeolian contamination. Pending cultural resources clearance, surface deposits in the
study area will be scraped off and disposed of elsewhere.

The author conducted fieldwork with the assistance of Anthony Sanchez under New Mexico
State permit number SUA 128. Mr. Luthiger of Quivira Mining provided greatly appreciated
logistical support in the field.

During intensive pedestrian survey of the proposed reclamation project parcel, we recorded
15 isolated occurrences {I.0.s) but 'no archaeological sites. This report details the physical
environment, cultural setting, and previous archaeological research for the general project area. We
also present a discussion of field methodology and survey results.

PROJECT SETTING
Physical Environment

The project area occurs on the south-central margin of the Chaco Slope in the Navajo
Section of the Colorado Plateau Province (Fenneman 1931; PNM 1978). Located on the south
margin of the San Juan Basin, the Chaco Slope is immediately adjacent to the Zuni Uplift on the
southwest and the Mount Taylor Volcanic Field on the east-southeast. .

More specifically, the surveyed land is in the central part of a narrow, unnamed valley
bounded on the west-southwest by Mesa Montanosa, on the south-southeast by La Jara Mesa, and
on the north-northeast by San Mateo Mesa. The study area occupies a gently southwest-sloping
alluvial terrace incised by a large unnamed intermittent tributary. Study area elevations range from
2,103 to 2,709 m (6,900-6,920 ft) above mean sea level (msl). :

Surface deposits are underlain by Cretaceous period Dakota sandstone and Mancos shale.
Soils of the Lohmiller-San Mateo association cover the modern valley floor. These soils form in
alluvium derived from the decomposition and translocation of sedimentary bedrock (PNM 1978:82).
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Figure 1: General project location. Map adapted from USGS Albuquerque, New Mexico
{1963) 1:250,000 scale topographic series.
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Vegetation is Upper Sonoran, characterized by mixed grama-galleta steppe grasslands (PNM
1978). While a variety of short grasses dominate project area vegetation, chamisa and four-wing
saltbush are quite common, particularly along the west margin. Other vegetation includes sand
sage, snakeweed, narrowleaf yucca and prickly pear. Riparian vegetation borders the drainage
forming the study area’s west boundary, which includes tamarisk and cattail.

Fauna common to the zone include mule deer, coyote, rabbits, many species of rodents and
small birds, raptors and waterfowl. Observed fauna include prairie dogs, cottontail rabbits, black
tail jackrabbits, ravens, burrowing owls, lizards and rattlesnakes.

Area climate is mild and arid (PNM 1978). Moisture is localized, resulting mostly from
summer precipitation. Frost-free days average about 130 (PNM 1978}, and rainfall in the Grants
area is recorded at 25 to 30 cm {10-12 in) annually (PNM 1978).

Cultural Environment
This section is adapted from Deyloff {1993).

The Red Mesa Valley forms a natural pathway between population centers in the Little
Colorado and the Puerco rivers to the west and the Rio Grande to the east, thus encouraging the
movement of people in both directions. Consequently, sites of various cultural traditions from all
points in time occur in the area. But regardless of how many studies have examined those remains,
only recently have regional syntheses emphasized subsistence-settlement patterns and cultural :
processes (Tainter and Gillio 1980; Scheick 1981, 1985, 1990).

The following discussion borrows heavily from the cited syntheses. Because nearly all of
the 1.0.s yielded Pueblo Il and Pueblo lll materials (A.D. 800-1300), developments before and after
pre-Columbian Pueblo occupation of the area are discussed only briefly.

Paleoindian

Paleoindian culture is the first recorded evidence of human occupation in the Southwest
{9500-5500 B.C.), and sites are identified by the presence of specific projectile point types found in
association with chipped stone scatters. Primary subsistence was Pleistocene megafauna, such as
the mastodon and bison antiquus, supplemented by smaller game and wild plants. Although
characteristic projectile points, found either in isolation or on sites with remains of later
occupations, are recorded for the region (Scheick 1979; Whitmore 1979), single component
Palecindian sites are few. Most of these finds occur in the highlands (Tainter and Gillio 1980}. The
lack of Paleoindian remains might be due to the absence of exposed geologic features associated

with that time period (Cordell 1979).

Paleoindian use of the region apparently was transitory; most information comes from
scattered surface artifacts and collected specimens. Documented sites occur in the general area,
however, and include a site 21 km (13 mi) south of Grants on a ridgetop, a second a few’
kilometers northwest of Grants, and a third on the Acoma Reservation in a high altitude setting

(Tainter and Gillio 1980).

Archaic

The Archaic lifeway (56500 B.C.-A.D. 400) succeeded the Paleoindian adaptation and also is
identified by distinctive projectile point styles. Whether due to climatic changes and/or the
disappearance of megafauna, populations relied increasingly on small game and wild plants. These
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mobile hunter-gatherers probably followed a seasonal circuit based on the availability of game and
maturation of wild plants. In later Archaic periods, maize horticulture was introduced to the

subsistence base.

Two Archaic cultural traditions are documented in the region, the Oshara and the Cochise.
Generally, the Oshara tradition is thought to be characteristic of northwest New Mexico with its
south boundary posited along the Rio San José. The Cochise culture has been consigned to lands
in southern New Mexico, Arizona and northern Mexico, with the Rio San José as the suggested
northern boundary. However, Cochise or Cochise-like diagnostics and Oshara diagnostics have
been recorded on the same sites in the general project area (see Beal 1981; Scheick 1981, 1982).

The cultural-temporal phases of the Oshara déveloped from Cynthia Irwin-Williams' (1968)
work in the middie Rio Puerco Valley. These phases are: the Jay {(5500-4800 B.C.), the Bajada
(4800-3200 B.C.), the San José (3200-1800 B.C.), the Armijo {1800-800 B.C.}, and the fina! En
Medio {800 B.C.-A.D. 400). Evidence suggests a gradual change occurred from heavy reliance on
hunting to greater reliance on plant foods over time, and by the final phase an increased emphasis
on maize horticulture and food storage occurred. These changes were concomitant with regional

population growth.

The Cochise culture was identified from Sayles and Antevs' {1941) work in Arizona. ltis
subdivided into phases that span a period of between circa 7,000 B.C. and A.D. 1 (Irwin-Williams
1979). Evidence suggests that by 7000 or 6000 B.C. populations practiced a mixed strategy of
hunting-gathering. By the end of the Cochise sequence, however, site assemblages reflect a mixed

foraging economy.

By about 2500 B.C. maize and squash were added to the Cochise diet, but apparently with
little initial effect on the subsistence base. Changes in site locations, reduction in territory size, and
the creation of surplus are postulated by about 750 B.C., possibly resulting from the introduction of
a more productive variety of maize into the Southwest. Irwin-Williams (1973} believes Cochise
tradition populations might have played an important role in the development of food processing
and agriculture among the Oshara.

Archaic sites in the Red Mesa Valley, for the most part, represent limited activity locales
associated with hunting, opportunistic foraging, and/or stone tool raw material acquisition (Scheick
1985). Preferred site locations seemingly were on wooded mesatops and elevated features in the
pinon-juniper woodland in the highlands, and on ridgetops and/or dune slopes in the valleys. The
ephemeral quality of these sites as well as shifting sand overburden might be responsible, in part,
for the low number of Archaic sites recorded for the eastern Red Mesa Valley compared to
surrounding regions {(such as the San Juan Basin).

Pueblo .

The discussion of Pueblo cultural development derives primarily from Scheick 1985 and
Viklund and Scheick 1930. )

Archaeologists view the Basketmaker period as transitional between a hunting-gathering
population and an increasingly aggregated sedentary population that relied on horticulture
{Irwin-Williams 1968). In the San Juan Basin subregion, Basketmaker manifestations presumably
developed directly from the earlier San José Complex {Bryan and Toulouse 1943), which
encompasses Irwin-Williams' San José, Armijo and En Medio phase distinctions. Irwin-Williams
(1968) suggests the Trujillo phase, or Basketmaker 11l (A.D. 400 to 600), represents the maximum
limit of a seasonal hunting-gathering strategy. She also suggests the shift to areas where
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horticulture could be practiced was in response to a severe drought between A.D. 600 and 700.
Ruppe (1953) and Dittert (1359) equate the Basketmaker period in the Cebolleta Mesa region with
Gladwin's White Mound Phase (A.D. 700-800). Ruppe {1953} believes the Basketmaker
occupation of the Cebolleta area was late, and based on the lack of earlier Basketmaker sites in the
area, he postulates the White Mound phase represents a settlement intrusion. Tainter and Gillio
(1980} disagree with this view, contending that Ruppe relies on an outdated notion that in situ
cultural evolution must pass through a specified series of stages.

Several hundred archaeological sites dating to the Pueblo period are recorded for the
eastern Red Mesa Valley, yet very little is understood about the nature of that occupation. Most
attempts at interpreting the wide range of variability exhibited in the archaeological record are
speculative and biased by cultural developments in the San Juan Basin, particularly Chaco Canyon.
This approach, however, has considerable precedent. Beginning with Gladwin (1945}, the
interpretation of occupation in this general area has been that it somehow was tied to the vagaries
of the Chaco phenomenon. Gladwin saw these ties as developmental, while more recent authors

view them as economic and/or social.

Gladwin isolated a series of phases within the broader periods defined by the Pecos system
of Pueblo | through Ill. According to Gladwin {1945), during Basketmaker I, southern immigrants
influenced the traditional or in situ Basketmaker culture. As a result, the culture evolved into what
we recognize as Pueblo (see Whitmore 1979). Remains associated with each of Gladwin's
developmental sequences show progressively more sophistication.

Gladwin begins his sequence with the White Mound phase (A.D. 750 to 800), named after
a site he excavated in 1936. Sites consist of pithouses in conjunction with contiguous,
aboveground, rectangular storage rooms of jacal. The associated pithouses contain many features
believed characteristic of kivas. Ceramic types Gladwin identified as southern in origin occur on

these sites.

During the following Kiatuthlanna phase (A.D. 800-850), visible architectural changes
include the use of aboveground structures for habitation, the removal of dividing walls and the
addition of benches in pithouses, a shift from clay to slab-lined firepits, and pole support
- modifications. Site ceramics still show a southern influence as well as the presence of southern
types, but the beginnings of specialization can be seen in site material remains.

The Red Mesa phase (A.D. B50-925) apparently was a period of architectural
experimentation. The remains of aboveground rectangular pueblos of four to six rooms are
common; structure walls exhibit combinations of construction techniques, including adobe, wattle-
and-daub, jacal and/or masonry. Firepits and/or hearths occur outside structures. Pithouses
presumably functioned as both residential and ceremonial.

Wingate phase sites {A.D. 925-1000) differ considerably from their predecessors, with
architectural features consisting almost entirely of masonry roomblocks. Pueblo remains contain
from six to eight rooms as a rule. The use of pithouses continued, and kivas changed with the shift
from benches to alcoves and/or recesses. Hearths occur both inside and outside rooms. Ceramic
assemblages include the introduction of Gallup Black-on-white and Wingate Black-on-red. Nonlocal
ceramics on area sites are thought to be rare. Gladwin believed the Red Mesa Valley was

abandoned by A.D. 1050.

The Hosta Butte phase (A.D. 1000-1075) now applies only to sites located north of
Crownpoint, New Mexico. Characteristics of these sites include their size {from 20 to 30 rooms),



the presence of multiple kivas, and a distinct style of banded masonry. Chaco Black-on-white
appears, and although McEImo Black-on-white does as well, it is considered intrusive.

Criticisms of Gladwin's work (Whitmore 1979; Tainter and Gillio 1980; Cordell 1982) focus
on the simplified, mutually exclusive progression of cultural traits associated with each period,
which are now known to be more complicated and interrelated. Further, important behavioral
changes associated with changing material cultural traits largely were ignored. More recent
discussions of area archaeology are structured within broad cultural periods {Pueblo I-IV) and focus
on settlement patterns {Powell 1979), economic strategies (Sebastian 1983), and on economic and
social organization (Marshall et al. 1979; Tainter 1980; Stuart and Gauthier 1981).

For example, Sebastian {1983) views Pueblo cultural periods in terms of settlement patterns
and adjustments in economic strategy. Basketmaker 1l (100 B.C.-A.D. 400) sites are seen as
ephemeral and are associated closely with arable land but also are in areas with access to hunting
and gathering resources. The data suggest to Sebastian that earlier trends of wild resource
dependence and population mobility continued. Basketmaker lll (A.D. 400-700) habitation sites
yield evidence of seasonal sedentism and some reliance on horticulture, although the location of
limited activity sites still reflect exploitation of a wide variety of wild resources.

Pueblo | (A.D. 700-900) sites are closer to alluvial land where run-off occurs, seemingly
emphasizing the importance of horticulture in the economic strategy. Evidence also indicates
increases in both population and incidence of on-site storage. During Pueblo 1l {A.D. 900-1100)
populations increased significantly, expanded into previously unoccupied areas, and formed
community clusters of permanent and semipermanent settlements. By the middle of Pueblo II,
populations became aggregated, and evidence exists for a region-wide interaction/exchange
network identified as the Chacoan Phenomenon.

Specialized architectural features referred to as Chacoan outliers appear in locales removed
from Chaco Canyon, suggesting changes in area social organization and local economies. In the
Red Mesa Valley, outlier remains often occur near the base of a mesa in areas not densely settied
by local populations. By the early part of Pueblo Il {A.D. 1100-1300}, outlier communities had
become larger and more numerous. Like many other authors, Sebastian (1983) sees this as a
consequence of the expanding Chacoan system, centered 69 km (43 mi) north of the project area
in the San Juan Basin. Typically, Chacoan outliers are surrounded by a variety of site types, with
the highest concentrations occurring within a 3 km {2 mi) radius (see Whitmore 1979). Within the
first kilometer, most sites represent fieldhouses. The variety of site types increases with distance
from the outlier, particularly in the third kilometer {see Scheick 1985). Also, the earliest sites are
the farthest away, perhaps suggesting that deliberate congregation near previously established
population centers occurred before the presence of the Chacoan outliers. Characteristics of the
Chacoan system include sophisticated public architecture, extensive trade relationships, and
support of a large population in a relatively small area (Sebastian 1983:13). Ultimately, many
believe the collapse of the Chacoan system resulted in the collapse of the support systems, and

many areas were abandoned.

Unfortunately, in the Red Mesa Valley, little evidence exists for increased reliance on maize
agriculture during the Basketmaker period, and the similarity of these sites to earlier cultural remains
argues for a continuation of largely marginal use of the area. Most Basketmaker Il and Il/l1
manifestations in the valley are isolated finds or small artifact scatters, while Basketmaker Il sites
commonly are sherd and lithic scatters with and without associated hearths or storage cists. Of
interest, however, is that during Basketmaker Il we see a shift from high resource diversity slopes
or elevated locations toward valley bottom locations (Scheick 1985). No large habitation sites are

known.



The larger number of sherd and lithic scatters, combined with a few small surface structural
sites, reflects a gradual population increase during Basketmaker Ill over earlier periods.
Nevertheless, use of the valley was still sporadic, and economic strategies focused on hunting and
gathering, with possibly some attempts at horticulture.

Site data indicate a small increase in population during Pueblo I, with most recorded sites
described as sherd and lithic scatters. Settlement patterns are identified more readily during Pueblo
I, with elevation playing a vital role in site type/placement correlations {Scheick 1985). Pithouses
and small surface structure remains tend to be in pifion-juniper fringe areas at elevations between
2,134 and 2,164 m (7,000 and 7,100 ft), while larger pithouse village remains are found at
elevations up to 2,195 m (7,200 ft}. Limited activity sites occur in these areas as well as in the

lower grasslands.

By A.D. 800 Pueblo I/ll occupation of the Red Mesa valley was seasonal, with
semipermanent sites established on the valley slopes in elevations of 2,073 to 2,103 m
{6,800-6,900 ft} as well as on mesatops. Sites containing late Pueblo I/early Pueblo Il ceramics
include surface rooms with associated pithouses, contiguous surface rooms with possible kivas,
fieldhouses, and large villages. During this period, a number of traits developed that later solidified
around the large Chacoan outliers. At the same time, however, pithouse villages with possible
surface structures were established along the pinon-juniper fringes bordering secondary drainages
of Casamero Draw in the highland areas {Scheick 1985:17).

Archaeological evidence is indicative of increased occupation and use of the region during
Pueblo 11 {A.D. 900-1100). Discrete clusters of small, medium and large sites are spread out along
the numerous drainages forming the Rio San José headwaters. Early to middle Pueblo I sites
consist of isolated fieldhouses associated spatially with small to medium sized roomblocks (3-6
rooms) with kivas, to groups of roomblocks of comparable and larger size (Historic Preservation
Division, Archaeological Records Management Section, Survey Record Room Files). Limited activity
sites, petroglyphs and rockshelters also are documented. '

Occupation of elevations below 2,073 m (6,800 ft) became common, as Pueblo people
farmed tributaries of the major drainages. The correlation of specific site types with particular
elevations is pronounced for sites of this period. For example, the remains of farmsites {3-plus
rooms, seasonally occupied and located near agricultural lands) occur at elevations between 2,073
and 2,195 m (6,800 and 6,900 ft) and between 2,195 and 2,225 m (7,200-7,300 ft); pueblos
{primary habitations occupied semipermanently and located in the most favorable physiographic
zones) occur at elevations between 2,103 and 2,134 m (6,900 and 7,000 ft}; and fieldhouses {1 or
2 room sites occupied intermittently and located near agricultural lands) occur between 2,073 and
2,134 m (6,800 and 7,000 ft} and between 2,195 and 2,225 m (7,200 and 7,300 ft}. Limited
activity sites (usually containing no visible structures, representing specialized use of an area and
thus occurring in various locations) appear at all elevations {Scheick 1985]).

By late Pueblo Il (A.D. 1000-1100), Chacoan outliers were well established in the eastern
Red Mesa Valley. Three outliers occur south of the project area at the base of Mesa Montanosa
(LA6022, LA12573-A and LA12573-D). The earliest constructed, LA12573-D, was occupied
between late Pueblo | and early Pueblo Il {A.D. 900-1000). The site is on a broad bench at an
elevation of 2,115 m (6,940 ft). LA12573-A dates exclusively to Pueblo 1l (A.D. 1000) and was
constructed on a broad sandy ridge at an elevation of 2,121 m (6,960 ft}. LA6022 is the latest of
the three, inhabited from late Pueblo Il to early Pueblo Il {A.D. 1000-1100). The site is also the
largest of the three outliers and is at an elevation of 2,128 m {6,980 ft) above mean sea level

{Marshal et al. 1979}.



Other community types also are documented in the valley to the west of the project area
and contain large multiple or isolated C- and T-shaped roomblocks with kivas at the center of the
cluster (Powell 1979; Miller and Frizell 1980). Whitmore (1979:55) feels these communities are
either part of a large interconnected regional pattern, in which the individual communities were
associated directly with the outlier community, or they are a series of smaller independent
communities. Interestingly, the nonoutlier community remnants (mainly habitation) are along the
many tributaries and headwaters of the Rio San José, while the outliers are in the Rio San José
Valley, an area never densely occupied before their introduction,

The upland nonoutlier populations probably were loosely related, mobile, and highly
adaptive. Site types and locations are suggestive of a fluid system, and population alliances within
that system might have been temporary and constantly changing. Outlier communities associated
with the lowland valley drainages apparently were more localized and focused on resource
exploitation, probably as a result of social and environmental circumscription rather than attempts
at creating surplus for systematic exchange.

No evidence exists to suggest populations in either the lowland or the upland communities
participated in long-distance trading of food. No evidence exists of technological specialization in
the production of economic goods, only of expedient technology related to subsistence production.
Excavated sites yielded no evidence of production, nor of storage of surplus food. The heavy
reliance on native plants, combined with the small number of storage features, seemingly suggests

little surplus.

The small numbers of intrusive ceramics on farmsites, fieldhouses and other residential sites
suggest simple exchange occurred at the level of the site or group. Other evidence suggests
intravalley exchange was far more common than exchange farther afield. Moreover, the small
numbers of nonlocal goods in local Pueblo artifact inventories are not supportive of large-scale
trade. No evidence exists for interruptions in the local ceramic and flake tool traditions that would

suggest the introduction of new technological innovations."

Some believe Chacoan outliers might have developed in situ (Tainter and Gillio 1980; Doyel
1982} and that they fulfilled public or administrative functions. The role of outliers in the Red Mesa
Valley is based largely on conjecture since few excavations have been conducted, and surveys
have provided only limited data. Data from excavations of portions of the Casamero sustaining
complex (Beal 1982) suggest the majority of the surrounding three and four room pueblos were
farmsites occupied seasonally, and that by the early Pueblo Ill period populations were affected by
nutritional stress. Beal (1982) feels pre-A.D. 1000 sites represent temporary, short-term
occupations, while post-A.D. 1000 sites exhibit long-term or repeated use. Most importantly, no
evidence exists suggesting local sites participated extensively in or benefited from trade with a
sophisticated cultural system. Finally, no indications of surplus production or processing capacities
beyond what was necessary for simple subsistence occur {Beal 1982:349}.

Occupation of the Red Mesa Valley continued into Pueblo lll {A.D. 1100-1300) but is
represented by far fewer sites than seen for Pueblo ll. Throughout Pueblo lll, subsistence strategies
continued to emphasize a mixed pattern of hunting, gathering and agriculture. During early Pueblo
lll, populations concentrated near small tributaries serving restricted drainage basins, on gentle
slopes without established watercourses, and in the highlands that benefited from increased
precipitation. By A.D. 1050, however, the climate might have become too wet, and floods possibly
rendered the lower portions along the major watercourses unusable (Beal 1984). Populations began
to abandon valley floor settlements, and by the latter half of Pueblo I, the outliers were abandoned

as well.



Those sites constructed during Pueblo | and Pueblo Il in the highlands continued to be
occupied during Pueblo lll. Reminiscent of earlier Pueblo | patterns, large permanent habitation
sites of the period occur between 2,134 and 2,164 m (7,000 and 7,100 ft) along the edges of the
pifon-juniper woodland. The fieldhouses and farmsites that occur are found normally above 2,134
m (7,000 ft), and their occupation probably was short-term and possibly intermittent. Limited
activity sites occur in a wide variety of environmental situations.

Smaller pueblos of 8 to 10 rooms apparently were abandoned first in the highlands, about
the same time as, or following those, in the lower major tributary valleys, leaving only a few large
complexes in the most favorable areas (Scheick 1985:259). Abandonment of the general area was
gradual and probably occurred in two separate episodes. Indications are that the relationships
among upland and lower valley groups were severed by Pueblo ll], possibly as a result of
competition for arable land. Interestingly, the number of upland sites did not increase dramatically
with abandonment of the lower valleys; rather, the increased site size in the uplands probably
resulted from the abandonment of many of the smaller pueblos in the upland area previously.
Moreover, Ruppe (1953) notes an increase in population and in western influences on local pottery
assemblages in the Malpais-Cebolleta area during the Pilares phase (A.D. 1100-1200). A second
surge of population increase occurred in the Malpais-Cebolleta area during the following Kowina
phase (A.D. 1200-1400), perhaps as a result of abandonment of the large upland communities in
the eastern Red Mesa Valley around A.D. 1200.

Between A.D. 1200 and 1250, the highlands of the Red Mesa Valley apparently were used
as a source of wild plant and animal foods, as reflected in the increased number of limited activity
sites dating to this time. Abandonment of the area occurred about A.D. 1250.

Historic Pueblo

A cultural hiatus apparently occurred in the Red Mesa Valley after A.D. 1250, presumably
as the population center shifted eastward. By the time the Spanish arrived in 1539, the only
occupied pueblo in the study area was Acoma, located 48.27 km (30 mi) southeast of the project
area. The Acoma Pueblo use area extended a considerable distance from its mesatop location in all
directions. Dittert {1959) defines the traditional Acoma Cultural Province as bordered by the Zuni
Mountains on the west and Mt. Taylor on the north; this would place the project area just north of

the province.

Current Acoma residents claim occupation for the mesatop pueblo since at least 1,000
years ago and group origins from the east and northeast, as far away as Mesa Verde (Ellis 1979),
Interestingly, archaeological data from Dittert's excavations at Acoma indicate continuous
occupation of the pueblo since around A.D. 1150, Both Dittert (1959) and Ruppe {1953) believe
Acoma was an indigenous development with strong ties to sites on nearby Cebolleta Mesa. Dittert
(1959) suggests the Acoma system of seasonal dispersion—or summer and fall occupation of
satellite agricultural communities and winter aggregation at Acoma Pueblo -- gradually developed in
situ and is traceable to the San José phase of the Archaic period. '

Acoma participated in the Pueblo Rebellion of 1680, and in 1692 accepted Reconquest
refugees from the Rio Grande Pueblos of Cochiti, Cieneguilla, Santo Domingo and Jemez.
Sometime between 1697 and 1699, those refugees and a few disgruntled Acomas split from the
pueblo and founded Laguna Pueblo (Ellis 1979) to the northeast. Records indicate that Pueblo use
of the general project region included seasonal agriculture, herding, yucca gathering, and mining for
paints, gypsum, jasper and potash (Rands 1974a, 1974b; Winter 1980).

10



Lt. John Gregory Bourke in 1881 observed "... Acoma ... is remarkable for the number and
distance of its outlying farms” (Rands 1974b). Constant Navajo raids, however, caused the size
and location of the Acoma herding territories to fluctuate during the eighteenth and nineteenth
centuries. Moreover, when the Spanish established ranches at the confiuence of the Rio Puerco
and Rio San José, their territory was reduced further still (Ellis 1979; Garcia-Mason 1979). During
the late nineteenth and early twentieth centuries, Acoma summer ranges included the south slopes
and top of Mt. Taylor and winter ranges centered around Laguna Monte and Laguna Ambrosia.

Historic Navajo

Dates for when the Navajo actually began to usefinhabit the east edge of the Red Mesa
Valley are problematic. In 1583 Espéjo noted a group of Querechos (ancestral Navajos) living in the
vicinity of what now is known as Mt. Taylor {Hester 1962; Bailey and Bailey 1982). Bailey and
Bailey (1982) believe the Navajo inhabited much of the area by the middle of the seventeenth
century. Throughout most of the seventeenth and eighteenth centuries, the area west of a line
drawn from Taos to Laguna was considered the Navajo-Spanish frontier (Hester 1962). During that
period, Navajo populations lived primarily within the pifion-juniper belt surrounding the San Juan
Basin, remaining outside the sphere of Spanish control.

Relationships among the Navajo, Spanish and Rio Grande Pueblo populations during the
seventeenth century vacillated between trading and raiding, depending upon local conditions.
Because of the threat the Navajo posed, Pueblo use area boundaries shifted and shrank
considerably. Moreover, it was impossible for the Spanish to establish settlements in the area until
the mid-1800s when the Navajo were forced onto reservations. It appears, however, that at least
one peaceful Navajo group was allowed to remain in the area (see Schaafsma 1977). Early Navajo
populations subsisted on trading, hunting, gathering and raiding, but with Spanish influence the
herding of sheep and goats became important.

With the Navajo release from the Bosque Redondo in 1868, Navajos resettled their ,
homelands in the northeast part of Arizona and the northwest part of New Mexico. By the 1880s
herding was supplemented by wage-jobs with the railroad. Between 1880 and 1930, competition
for optimum grazing lands increased but then fell between 1930 and 1950 as a result of the
government-enforced stock reduction programs. Consequently, wage labor increased dramatically
and included work as herders for American, Hispanic and Pueblo ranchers. In fact, after the 1950s,
little herding of Navajo-owned stock occurred.

In the Red Mesa Valley, recorded sites most often reflect herding activities, with only a few
habitation sites known. Sites occur in sheltered alcoves, near rock outcrops and escarpments, at
canyon heads, and in pifion-juniper woodlands and grassland fringe areas (see Tainter and Gillio

1980).
Hispanic/American

When the Spanish first entered the region in 1539, the area already was occupied by
Pueblo and Navajo populations. Although relative peace was established with the Pueblos after the
Reconquest of 1696, Navajo hostilities prevented any permanent Spanish settlements until the
1800s. Since 1846, local sheep herders, Texas cattlemen, Oklahoma farmers, California gold
seekers, Mormon settlers from Utah, and railroad workers have steadily populated the east end of
the Red Mesa Valley. Bluewater, 22.5 km (14 mi) southwest of the project area, was settled as a
small irrigated farm in 1850 by the Frenchman Martin Boure. In the 1870s other French families
followed, moving into the area and organizing a cattle company, and a small reservoir was built to
supply more irrigation water (Pearce 1965). In 1880 the AT & SF railroad was constructed,
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providing supplementa! wage labor to the herding and farming subsistence base. The railroad
sponsored construction of & larger reservoir so that the entire valley around Bluewater could be
irrigated. The town of Grants, located 28.2 km {17.5 mi) southeast of the project area, was
established in 1882 as a railroad construction camp, named for three brothers who were
contractors for the railroad {Pearce 1965). Today, Grants is the largest community center in the
area. Milan is the closest town (19.3 km or 12 mi south); it was incorporated in 1957 and named

for the owner of the land, Salvador Milan.

By the 1930s the valley bottom between Bluewater and Grants supported truck crops, such
as carrots, beets and asparagus. A local informant remembers the portion of the survey area just
west of the mine's large tailings pile as a carrot farm in the late 1930s and early 1940s. The area
remained an agricultural center until uranium was discovered at Haystack Mountain just west of
Mesa Montanosa. Anaconda built a uranium processing mill at Bluewater in the early 1950s and
began mining an open pit at Jackpile Mine on the Acoma reservation. The uranium boom lasted
through the late 1970s (Cattle et al. 1981); the area is still considered the largest uranium
producing and milling center for the United States.

When New Mexico became a state in 1912, the study area became public land administered
by the Bureau of Land Management. The project area became state of New Mexico land in 1958
under State Grant Patent number 1191533.

PREVIOUS ARCHAEOLOGICAL RESEARCH

The majority of this discussion is from Scheick (1985}, with comments from Deyloff
{1983a) and annotations by the author. Again, the pre-Columbian Pueblo period is the focus of
discussions. Most germane to the current project is research in the Red Mesa Valley and the

Cebolleta Mesa region.

Basketmaker I, ll/lll and 1l sites have been documented in the eastern Red Mesa Valley as
well as in the Cebolleta Mesa region, and these sites seemingly indicate locational preferences. '
Defined on the basis of diagnostic projectile points and Lino Gray ceramics, the sites most often are
on the fringes of the pifion-juniper woodlands overlooking relatively flat, open uplands close to
intermittent drainages {(Powell 1979). The majority of Basketmaker Il and ll/lll sites are isolated
finds or small nondescript scatters, while the Basketmaker Il sites are sherd scatters with or
without associated hearths and/or storage cists. A shift from high diversity locations toward valley
bottoms and horticulture is observable. No large habitation sites have been recorded.

A small increase in population is evident during Pueblo 1. Dittert (1959), Powell {1979) and
Scheick (1985} identify several sites dating to the Pueblo | period, and Viklund (1990) identifies
two Pueblo | site components immediately north of and in the same section as the present project
area. Almost all of these sites are sherd and lithic scatters, but a few are the remains of
noncontiguous surface structures. Pueblo I/early Pueblo Il sites (see Powell 1979; Scheick 1985;
Dittert 1959) include surface rooms with associated pit structures, contiguous surface rooms with
possible kivas, fieldhouses, and large villages.

During Pueblo Il an increase occurred in the size and density of sites. Several hundred sites
are spread out along the numerous drainages forming the Rioc San José headwaters. Early to middle
Pueblo 1l sites consist of isolated fieldhouses associated spatially with small to medium sized
roomblocks with pithouses/kivas, as well as larger groups of roomblocks {Historic Preservation
Division, Archaeological Records Management Section, Survey Record Room Files). Limited activity
sites, petroglyphs and rockshelters also are documented, including 11 plant food gathering sites
just north of the present project, 4 of which date to Pueblo Il and 7 to Pueblo II/Ill (Viklund and
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Scheick 1990). Deyloff identified a Pueblo !l sherd and lithic scatter (1994) and 16 Pueblo /Il site
components (1993b), a third of which have structural remains. Mabry and associates (1996}
recorded a Pueblo [I/IIl limited activity site southwest of the current study area.

By late Pueblo Il a pattern of community settlement existed in the Red Mesa Valley. At
least six such communities are known within the general area (Kin Nizhoni, Haystack, Casamero,
Andrews Ruin, Coyote Sings Here, and San Antonio Springs), and other community types are
postulated from inventory surveys. Those other community types contain large multiple or isolated
C- and T-shaped roomblocks with kivas at the center of the cluster (see Powell 1979; Miller an
Frizell 1980; Scheick 1985). Whitmore {1979) feels area communities were either part of a large
interconnected regional pattern in which the individual communities were associated directly with
the outlier community or they were a series of smaller independent communities.

Personnel from the School of American Research (Beal 1982) conducted excavations on 23
sites within 4 km of the Casamero outlier. Thirteen of the sites are Pueblo, including Pueblo |
(N=1}, Pueblo Il (N=8) and Pueblo lll (N=4). Research focused on the relationship between
project sites and Casamero, and on the "Chaco Phenomenon.” Although data were limited, Beal
observes no indications exist that local sites participated extensively in trade relations with a
sophisticated cultural system. He cites the following evidence: economic diversification apparently
related directly to subsistence requirements, not to a systematic trade relationship; no indications of
technological specialization exist in the production of economic goods other than the endemic
presence of expedient technology attributable to subsistence production; no evidence of surplus
production or storage exists; and no luxury items are present in site assemblages. Beal suggests
the local population occupied seasonal farming and gathering sites out of dire necessity.

" Further, by early Pueblo ll, populations apparently were affected by nutritional stress.
Stratification of the small sites implies the earliest are nearer the slopes off the valley floor, while
middle to late Pueblo Il sites are on or directly adjacent to the valley fioor of secondary drainages.
Based on ceramic analysis, Lang (1982) notes that during late Pueblo Il significant cultural changes
were being demonstrated. A much wider sphere of outside contacts is visible in the ceramic )
assemblage: west to the Rio Puerco, northwest to Flagstaff, and north to Mesa Verde. By early
Pueblo [ll, contacts also included the Little Colorado River and the San Juan and Acoma areas.

Just prior to abandonment, data exist for trade only with the Chuska and Acoma areas. Beal
concludes that pre-A.D. 1000 sites represent temporary, short-term occupations, while post-A D.
1000 sites exhibit long-term or repeated use.

Baugh {1990) excavated three small pueblos near Ambrosia Lake. Due to their close
proximity to the Chacoan outlier of Kin Nizhoni, research focused on the relationship between the
small pueblos and the outlier. Specifically, his research addressed chronological placement,
subsistence and economy, and culture change and continuity relative to Kin Nizhoni. Data are
indicative of year-round occupations by primarily Pueblo Il individuals who might well have had
close ties with the nuclear community of Lower Nizhoni. A second component at one site indicates
a Pueblo Il occupation that might have been related to the later Kin Nizhoni nuclear community.
The basic subsistence pattern was agriculture supplemented by the collection of wild plants and the
hunting of small game. The presence of Basketmaker Ill and Pueblo | sites in the southern
periphery of his project area suggests to Baugh that the Ambrosia Lake sites represent an
indigenous development rather than settlement by a migrant population from Chaco Canyon.
Finally, Baugh suggests ceramic, obsidian and other artifact evidences indicates populations
maintained at least ephemeral ties with the greater Chaco sphere. .

Several kilometers southwest of the present project area, Scheick (1985) surveyed the
Santa Fe Coal Rail Corridor and carried out the corresponding excavations. Pueblo Il sites along this
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transect generally cluster near the Chacoan outliers of Andrews Ruin and Casamero. Both Scheick
{1985} and Powell {1979) note that Pueblo 1l sites show a correlation with site type and elevation
discussed previously. Also during Pueblo 1l an apparent dichotomy existed between upland and
lowland communities. The remains of upland communities seemingly exhibit a dispersed settlement
pattern with large pueblos composed of multiple roomblocks and kivas, some C-, E- or T- shaped,
located between 2,103 and 2,134 m (6,900 and 7,000 ft); farmsites in a wide range of elevational
zones; and fieldhouses in an even wider range. Site density often is so high it is impossible to
distinguish from survey data where one site begins and another ends. In the lowlands, however, -
small pueblos, farmsites and fieldhouses tend to cluster around Chacoan outliers, apparently
forming support communities. The relationship between the upland and lowland areas and/or
communities is unclear. People continued to live in and utilize resources in the uplands of the
eastern Red Mesa Valley after others might have moved downstream to more permanent water
sources, possibly as far away as Acoma Pueblo,

Dittert's (1959) research in the Cebolleta Mesa region refined Ruppe's 1953 work, which
resulted in the Cebolleta Mesa regional sequence. Ruppe {1953) notes increases in population and
in western influences on loca! pottery assemblages in the Malpais-Cebolleta area during the Pilares
phase (A.D. 1100-1200). Possibly, these increases also might refiect population movement out of
the lowlands of the Red Mesa Valley (see Scheick 1985). Data from excavation at Acoma Pueblo
led Dittert (1959) to postulate: Acoma was first occupied in A.D. 1150; it was closely allied with
populations on Cebolleta Mesa; and it represents an indigenous development with later trait or site
intrusions from Cebolleta Mesa and as far away as Mesa Verde. Historic Acoma Pueblo informants
tell of farmsites as far north as Grants and Mt. Taylor and that at one time sites were located
farther north and west than Grants. Dittert believes the archaeologlcal data support these claims of
Acoma Pueblo land usage and ancestral sites.

- A smaller number of Pueblo lll sites are recorded in the region, consisting of either limited
activity sites on low mesas or fieldhouses and/or farmsites in the highlands above the drainages
(Scheick 1985). A number of the large communities recorded by Powell (1979) have surface
ceramics indicative of occupations into Pueblo lll. Interestingly, these communities are in higher
valleys along the pifion-juniper fringes. The Rio San José Valley apparently was abandoned first
and then the highlands, with the latest occupations occurring in the latter around A.D. 1250,
During the final occupations, population densities were low, and site occupants practiced
land-extensive economic strategies. How these particular sites relate to many of the habitation
sites spanning Pueblo Il and lll is presently unknown.

RESEARCH AND SURVEY METHODS

Southwest personnel undertook the intensive, nondisturbing pedestrian cultural resources
inventory survey of the study area to determine the presence, location, nature, extent and
significance of cultural resources on the property potentially endangered by reclamation activities.
Archaeological work conducted before field investigations involved an archival assessment of the
current state of archaeological and historical knowledge of the project area. The author searched
the site files maintained by the Archaeological Records Management Section (ARMS), Historic
Preservation Bureau, State of New Mexico, at the Laboratory of Anthropology in Santa Fe for
previously documented archaeological properties in and around the study area.

To inspect the proposed reclamation area, a survey team consisting of two archaeologists
walked parallel transects. To ensure coverage, transect intervals normally did not exceed 12 m (40
ft). Field personnel zigzagged to inspect shallow arroyo cuts and the crests of low rises because of
the frequent exposure of archaeological remains in these erosional and topographic settings.
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Archaeologists located their on-the-ground positions by the use of 8 USGS 7.5-minute
serles Ambrosia Lake, New-Mexico (1857 [photorevised 1980]) topographlc quadrangle. The
presence of fencing along all but the north boundary of the survey parcel facilitated these efforts,

When the survey archaeologists encountered artifacts, they made & more intensive search
of the surrounding vicinity to determine the nature of the culturat debris, its distribution end
frequency, its depositional context, and any possible Iinterrelationships between these remains and
other previously documented cultural materials, Following Southwest's guidefines for survey, an
archasological "site” Is an aggregats of cultural remains consisting typically of more than 10
artifacts and possessing sufficlent contextual integrity to indicate the material sssemblage was the
product of purposeful in situ human activity. Moreover, an srchaeological site is a culturaf property
that likely possesses the potential to yleld additional significant information beyond that which can
be obtainad through survey recording.

Other cultural remains whose Information potentis! Is exhausted through survey
documentation are designated 1.0.5. In practice 1.0.s consist of extremely limited, surficial, and
often severely eroded cultural resources. They most commonly occur as single artifacts or widely
dispersed scatters of fewer than 10 artifacts. The documentation of 1.0.s conslists of the
description of the archaeclogical remains and the recordation of their locations. Coples of all’
project field notes, 1.0. descriptions and maps are on file at Southwest Archaeological Consuitants,

Inc., Santa Fe.

SURVEY RESULTS : )

Intensive pedestrian survey of the project parcel resulted In the discovery of 15 1.0.s. Teble
1 provides a complete descriptive Inventory of the 1,0, assemblage and Figure 2 shows their
locatlons. In order of increasing relative abundance, represented artifacts are indented corrugated
Jar sherds, plain grayware jar sherds, Black-on-white (mostly Gallup) Jar sherds, and a quartzite
figke. Sand temper dominates the ceramic assemblege, although 8 few whitewares have sherd

temper,

TABLE 1: (solsted Occurrences

Small 0-10 mm
Medium 10-30 mm
Large 30+ mm

1.0.# | Description

1 Two Indented corrugated Jar sherds with sand temper,

2 Large, grey, coarse-grained quartzite secondary decortication flake. ;

3 Plain grayware Jar sherd with sand temper.

4 Two Gallup Bléck—on-whlte jer sherds with sand temper; one unidentified Black-on-
white Jar body sherd with sand temper; one indented corrugated jar sherd with sand
temper. ) .

B Gallup (probably) Black-on-white jar sherds with sand temper; one indented
corrugated Jar sherd with sand temper; one plain grayware jar sherd with sand
tsmper.
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Table 1 {cont'd.)

1.0. # | Description

Indented corrugated jar sherd with sand temper.

7 Plain grayware jar sherd with sand tempar.

8 One unidentified black-on-white jar body sherd with sand temper; one unidentified
Black-on-white jar sherd, :

9 Indented corrugated jar sherd with sherd and sand temper.

10 Two conjoining unidentified black-on-white jar sherds with sand temper {one Is a rim
sherd),

11 Indented corrugated jar sherd with sand temper.

12 Unidentified black-on-white bow! sherd, white-slipped interior, 4 mm thick, sand
temper.

13 Three plain grayware Jar sherds with sand temper

14 Four indented corrugated jar sherds with sand temper (three are conjoin!né
fragments}.

16 Three indented corrugated jar sherds with sand temper {conjoining fragments); two
plain grayware jar sherds with sand temper; four Gallup Black-on-white jar sherds

with sherd and sand temper.

Surprisingly, we encountered no archaeologlce! sites. This situation likely relates to both

cultural end natural transformation processes. Regerding the latter, thick vegetation In much of the

project area’s west half reduced surface visibllity. Across the study area, eolisn deposition
assoclated with once-axposad, very large mine tallings piles upwind and to the west might
contribute to the sbsence of surface-observable sites. Two previously recorded sltes occur
immediatsly north of the current study area {Viklund 1990); perhaps thase archaeological properties
are related to the L.O.s recorded during this survey,

RECOMMENDATIONS

e

None of the 15 1.0.s found In the project area, In our opinion, possesses the potential to
yield additional significant Information. In each Instance survey documentation exhausted their
research potentlal beyond the leve! of redundancy and/or provenance. We recommend the 15 1.O.s
be considered ineligible for nomination to the National Register of Historic Places and the State
Registsr of Cultural Properties. Given the absence of significant archaeologlcs! remains on study
area lands and the sbsence of properties listed on the National Register of Historic Places, we
recommend cultural resources clearance for the proposed reclamation project.
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INTRODUCTION

On September 10 and 11, 1990, two archacologists from Southwest Archacological Consultants, Inc. conducted a cultural
resources survey of approximately 55 ha (136 acres) of state land surrounding the Homestake-New Mexico Partners Mine west of
State Route 509. The project area js 1.6 km (1 mile) south of Ambrosia Lake and 35 km (22 miles) northwest of Grants, New
Mexico, in the northwest quarter of Section 32, T14N, ROW (Figure 1).

Work was conducted at the request of Homestake Uranium Mine, of Grants, New Mexico, in conjunction with land
reclamation at the closed Homestake-New Mexico Partners Mine. The mine is on New Mexico State Trust land and was surveyed
under State Permit No. 90-002, ’

ENVIRONMENT

The survey area is at the southern edge of the Chaco slope, a physiographic feature along the southern portion of the
San Juan Basin, which is part of the Colorado Plateau province. To the east is the Mount Taylor Voleanic Field, to the south and
west is the Zuni Uplift, and to the north is the Chaco Plateau and the Chaco Siops (PNM 1978:22; Anschuetz 1979). The region is
characterized by sedimentary deposits of Cretaceous sandstones and shales.

Ambrosia Lake is at the west end of the San Mateo Valley within the Chaco Slope (Dulancy and Dosh 1981). This
portion of the valley is oriented northwest-southeast and is bounded on the northeast by San Mateo Mesa and on the southwest by
Mesa Montanosa. The primary drainage of the San Mateo Valley is Arroyo del Puerto, an intermittent tributary of San Mateo
Creek. The valley is open and relatively level and cuts into the Mancos Shale formation. Soils consist of unconsolidated silt, sand
and gravel alluvial fans extending south from San Mateo Mesa. They "are medium grained alluvium..." (Baugh 1990:11) and form
an aquifer with ephemerally perched water tables. The grain size creates less permeability and more holding capacity, which may
have contributed to the increased crop production of the Pueblo IT period (Cordell 1982).

Hydrologically, the valley is not connected to the San Juan Basin since San Mateo Crecek flows southward into the Rio
San Jose, which in turn flows into the Rio Grande (Dulaney and Dosh 1981). No permanent water sources exist near Ambrosia
Lake; the lake has been dry for almost half a century. :

Climate is mild and arid (PNM 1978:100), with precipitation localized and summer-dominant. Average annual
precipitation amounts range from 25 to 36 cm (10-14 inches) (PNM 1978:103, 104; Anschuetz 1979; Hammack 1985; Baugh 1990),
and frost-free days average 120 (PNM 1978:109).

Area vegetation is Upper Sonoran, characterized by mixed grama-galieta steppe grasslands (PNM 1978:183). Within the
projcct arca, various short grasses, chamisa and tamarisk predominate. A single cottonwood grows next to a2 man-made tailings

pond used by the mine.

Fauna common to the arca consist primarily of rodents and lagomorphs, although coyotes, mule deer, and the occasional
elk and pronghorn antelope also inhabit the valley. .

CULTURAL OVERVIEW

Prehistoric Occupation

Ambrosia Lake is Jocated in the west end of San Mateo Valley, northeast of the castern Red Mesa Valleyand
south-southwest of the San Mateo Basin, a sub-basin of the San Juan Basin (Bcal 1980). The Red Mesa Valley forms a natural
pathway between population centers in the Little Colorado and Puerco rivers to the west and the Rio Grande to the east, while the
San Mateo Valley connects the San Juan Basin to the eastern Red Mesa Valiey. These natural corridors encouraged movement of
people in both directions throughout time. Consequently, the potential exists for sites of varjous cultural traditions to be
represented in the project arca. Regardless of the numbcr of archaeological studies conducted within these arcas, however, only
recently have regional syntheses emphasizing subsistence-settlement patterns and cultural processes been presented (Tainter and

Gillio 1980; Scheick 1981, 1985, 1990; Baugh 1990).
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The following discussion borrows heavily from these published syntheses.
Paleoindian

Paleoindian cultural remains are the first recorded evidence of human occupation in the Southwest (9500-5500 B.C.), and
sites are identified by the presence of specific projectile point types found in association with scatters of chipped stone. Primary
subsistence was based on Picistocene mastodon and bison antiguus, supplemented by smaller game and wild plants. Finds dating to
the Paleoindian occur in wooded highlands (Tainter and Gillio 1980). Single component Paleoindian sites are few, although
characteristic projectile points, found either in isolation or on sites with remains of later occupations, are recorded for the region
(Scheick 1979; Whitmore 1979).” As a rule, Paleoindian sites tend to have large amounts of unutilized white chert and obsidian
debitage.

Although the lack of Paleoindian remains in the region may relate to the depth of their deposits (Cordell 1979),
archaeological evidence still suggests Paleoindian use of the study area apparently was transitory and by small populations.

Because study of the Paleoindian period in the region has focused primarily on finding and identifying those sites,
information on scttiement patterns and arca use is minimal. No Paleoindian finds are recorded near Ambrosia Lake.

Archaic

The Archaic cultural tradition (5500 B.C. - A.D. 400) succeeds the Paleoindian tradition and also is identified by
distinctive projectile point styles. Whether due to climatic changes and/or the disappearance of the mastodon and bison antiquus,
populations relied increasingly on small game and wild plants. These mobile hunter-gatherers probably followed a seasonal circuit
based on the availability of game and maturation of wild plants. Later in the Archaic, maize horticulture was introduced to the
subsistence base.

Sociotemporal and technological changes of the local Archaic culture follow cultural-temporal phases developed from
Cynthia Irwin-Williams’ work in the middle Rio Puerco Valley (1973) where she defined the Oshara tradition. Although the Rio
Puerco Valiey is cast of Mount Taylor, generally, the Oshara tradition is associated with most of northwestern New Mexico with its
southern boundary along the Rio San Jose. The Oshara tradition is divided into phases that span 2 period between 5500 B.C. and
A.D. 400, Each phase is identified archacologically by distinctive artifact assemblages.

The Jay phase (55004800 B.C.) is defined by distinctive stone tools and specific site focations suggesting game animal
observation. Within the middie Rio Puerco Valley, these carly populations apparently preferred basalt for chipped stone artifacts.
The absence of groundstone in site assemblages seemingly reficcts a refiance on hunting. Identified site types are the base camp,
located near canyon heads and representing repeated returns to the same locality, and the specialized activity site, occurring in
locations reflecting mixed but limited subsistence activities, Irwin-Williams (1973) believes the tool types, the limited faunal
evidence, and the reoccupation of favorable focalities suggest a mixed spectrum of subsistence activities adapted to year-round
exploitation of a fixed complement of local resources by small groups of people.

The Bajada phase (4800-3200 B.C.) is an outgrowth of the Jay, sharing similar tool types and site locational preferences.
Unlike the Jay phase, however, is the increasing number of large chopping tools and poorly made flake side scrapers, in artifact
assemblages suggesting increased reliance on coarse plant foods. The larger number of recorded Bajada sites implies a population
increase over that of Jay phase populations.

During the San Jose phase (3200-1800 B.C.), formal tool styles changed, the number of large chopping tools increased,
and groundstone first appeared in artifact assemblages. The presence of groundstone suggests an increased importance of wild
' plants in the subsistence base. The multiple hearths characteristic of San Jose phase sites suggest populations cither were larger
and aggregating for short periods of time or they were serially reoccupying sites, Post-holes found on excavated San Jose phase
sites indicate shelters were built at the larger camps. Habitation sites, or base camps, correfate with canyon heads above seeps and
springs and on dunes or valley slopes (Beal 1980).

During the Armijo phase (1800-800 B.C.), maize horticulture was introduced, reflected in the archacological records by
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increased types and frequency of groundstone on sites. Earlier site types and locational preferences continued with the
addition of cliff tops and talus arcas for base camps.

The En Medio phase (800 B.C. - A.D. 400) possesses recognizable antecedents of the Anasazi Puebloan tradition.
Bifacial knives and drills are more common in these assemblages than those of San Jose phase assemblages. Armijo cliff shelters
apparently were used during the fall and winter seasons, and dune sites during the summer (Irwin-Williams 1973:12). Winter sites
often have slab-lined cists for food storage. Reliance on plant foods is more pronounced as demonstrated by the increasing
number and types of groundstone tools on sites, with increased emphasis also placed on maize horticulture. These changes were
concomitant with regional population growth.

A second Archaic tradition represented in the study area is the Cochise culture, normally found in southern New Mexico
and Arizona and northern Mexico. Historically, the Rio San Jose is suggested as the northern boundary of the Cochise cultural
tradition. As with all aceramic cultural traditions, recognition is by distinctive projectile point styles. Besides having different tool
types, archacological evidence indicates maize was incorporated into the diet eatlier than in the Oshara tradition (Irwin-Williams
1973).

The Cochise culture also is subdivided into sequences, spanning the period between circa 7,000 B.C. and A.D. 1
(Irwin-Williams 1979:37). Phascs are identified by their distinctive projectile point types and associated chipped stone assemblages.
The earliest sites represent the remains of economically eclectic groups whose cultural remains include thin flat milling stones and
cobble manos as well as percussion flaked choppers, scrapers and knives. Evidence suggests that by 7,000 or 6,000 B.C. populations
practiced a mixed hunting-gathering strategy, but by the end of the Archaic, site assemblages reflect a mixed foraging economy with
emphasis on 2 well-developed groundstone industry dominated by shallow basin-shaped metates and cobble manos. The wide
varicty of plants retrieved from sites, representing different environmental zones, suggests seasonal movement and scheduling were
an integral pants of the settlement system. By about 2,500 B.C. maize and squash were added to the dict, but with little initial effect
on the subsistence cycle. Changes in site locations, reduction in territory size, and the creation of surplus is postulated by about 750
B.C., when a more productive variety of maize was introduced into the Southwest. Other artifacts representative of the late
Archaic Cochise tradition include crude choppers, various scraper forms, and a range of projectile point types.

Archaic sites in the project region, for the most part, were limited activity loci associated with hunting game,
opportunistic foraging and/or stone tool raw material acquisition (Scheick 1985; Viklund and Scheick 1990). Preferred site
locations include wooded mesatops and elevated features among pinon-juniper woodlands in the highlands and ridgetops and/or
dune slopes in the valleys. Scheick (1985) suggests exploitation of the eastern Red Mesa Valley was during late summer/early
autumn by transient groups possibly enroute to the foothills of the Zuni Mountains, and who also exploited the southeastern
portion of the San Mateo Basin during the spring and summer months. Because of the ephemeral quality of the sites, and possibly
due to shifting sand overburden, Archaic sites are not as well represented as in surrounding regions.

Of major rescarch concern in the area is the presence of both the Oshara and the Cochise Archaic traditions. Often,
these remains occur on the same site. Consequently, archacologists are forced to reassess their assumptions about the spatial
boundaries drawn and the relationships postulated for them. A second research issue concerns the applicability of the Oshara
scttlement-subsistence pattern as proposed by Irwin-Williams (1973) outside the Rio Puerco Valley. Evidence from adjacent areas

. suggests local variations occur and that the base camp-specialized activity locus model may be a specialized settiement pattem

restricted to specific arcas. Finally, the nature of Archaic occupation and land use within the region is only poorly understood, and
inter-area relationships are not well defined.

The closest recorded Archaic sites to the project area are on Mesa Montanosa (Anschuetz 1979). On the mesa's
northeast trending fingers, Archaic diagnostics occur on multicomponent sites with Basketmaker Il and Pueblo I components.

Anasazi

The discussion of Pucbloan cultural development is derived from Scheick 1985, and the reader is referred to that
publication for more detailed information. .

The Basketmaker period is viewed as transitional between the Archaic hunting/gathering population and the
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increasingly aggregated sedentary population that relied on horticulture (Irwin-Williams and Tompkins 1968:53). In the

San Juan Basin subregion, Basketmaker manifestations are believed to have developed directly from the earlicr San Jose Complex
(Bryan and Toulouse 1943) and encompass Irwin-Williams® San Jose, Armijo and En Medio phases (3200 B.C. - A.D. 400).
Grayware pottery is associated with San Juan Basin sites, as are corner-notched projectile points similar to those of the En Medio
phase.

Cochise tradition-derived Lobo Complex (Bryan and Toulouse 1943:269) diagnostics comprise *...a group of stone
implements consisting of serrated and nonserrated points smaller than those of the San Jose Complex, drills, knives, scrapers and
grinding implements” (Bryan and Toulouse 1943:273). The Lobo Complex was identified first in the Grants area on the southwest
flank of Mt. Taylor, but tools suggestive of the Lobo Complex also were found at En Medio Shelter on the Rio Puerco
(Irwin-Wifliams and Tompkins 1968:18-19). Bryan and Toulouse (1943) propose that Lobo Complex materials are the remains of
an Archaic/Pueblo interface in this portion of the San Juan Basin because they are associated with supposedly contemporaneous
ceramics and Puebloan lithic materials. The lack of distinct Basketmaker sites in the arca seemingly supports that theory.

Several hundred archacological sites dating to the Anasazi period have been recorded in the region, yet very little is
understood about the nature of that occupation. Most attempts at interpreting the wide range of variability exhibited in the
archacological record of the area have been speculative and biased by other developments in the San Juan Basin, particularly by
Chaco Canyon. However, this approach has considerable precedent. Beginning with Gladwin (1945), the interpretation of
occupation in this general area has been that it was somehow tied developmentally to the vagaries of the Chaco phenomenon.
More recent authors view the ties as economic and/or religious (Judge 1989).

According to Gladwin (1945), during the Whitc Mound phase, southern immigrants influenced the traditional
Basketmaker culture, resulting in the cultural manifestation identified as the Kiatuthlanna Phase (Pueblo I). Later changes
resulted in the Red Mesa Phase of the early half of Pueblo 11, the Wingate Phase of late Pueblo 11, the Hosta Butte phase of the
carly half of the Pueblo I11, and finally the Bonito phase of late Pueblo Il (Gladwin 1945:6). Architectural and material culture
remains associated with each of these developmental sequences became progressively more sophisticated.

The carliest White Mound phase (A.D. 750-800) sites are found at lower elevations than Basketmaker sites and consist
of pithouses in conjunction with contiguous, rectangular, aboveground storage rooms made of jacal. Associated pithouses contain
many features characteristic of kivas. Southern ceramic types occur on those sites as well s other types that have strong
similaritics to southern types.

During the following Kiatuthlanna phase (A.D. 800-850), architectural changes include the use of aboveground
structures for habitation, the removal of dividing walls in pithouses, & shift from clay to slab-lined firepits, pole support
modifications, and the addition of benches. The ceramics still show 8 southern influence as well as the presence of actual southern
types, but the beginnings of ceramic specialization can be seen.

The Red Mesa phase (A.D. 850-925) apparently was a period of architectural experimentation. Aboveground pucblos
consist of four to six rooms and are rectangular. The walls exhibit combinations of construction techniques including adobe, wattle
and daub, jacal or masonry. Fircpits or hearths arc located outside structures. Pit structures are assumed to be functioning as both
habitations and kivas.

Wingate phase sites (A.D. 925-1000) are considerably different from their predecessors, with architecture consisting
almost entirely of masonry roomblocks. Pueblos contain from six to eight rooms as a rule. Pithouses continue, and kivas changed
with the reduction of benches to alcoves and/or recesses. Hearths occur inside and outside rooms. Ceramics include the
introduction of Gallup Black-on-white and Wingate Black-on-red. Nonlocal ceramics on these sites are thought to be rare,
According to Gladwin (1945), by A.D. 1050 the Red Mesa Valley was abandoned.

The Hosta Butte phase (A.D. 1000-1075) applies to sites located north of Crownpoint and are characterized by their 20
to 30 room size, the presence of multiple kivas, and a distinct style of banded masonry. The Chaco Black-on-white ceramic-style
appears, and although McEIx_no Black-on-white does also, it is considered intrusive.



Criticisms of Gladwin’s work (Whitmore 1979; Tainter and Gillio 1980; Cordell 1982) focus on the simplificd, mutually
exclusive progression of cultural traits associated with each period that are now known to be more complicated and interrelated.
Site location patterns were not studied. Further, important behavioral changes associated with changing material cultural traits
were largely ignored. More recent discussions of arca archacology are structured within broad cultural periods (Pueblo I-IV) and
focus on settlement patterns (Powell 1979), economic strategies (Sebastian 1983), and economic and social organization (Marshall
ct al. 1979; Tainter 1980; Stuart and Gauthier 1981).

For example, Sebastian (1983) views Pucbloan cultural periods in terms of settlement patterns and adjustments in
cconomic strategy. Basketmaker II (100 B.C. - A.D. 400) sites arc cphemeral and are associated closely with arable land, but also
are found in arcas with access to hunting and gathering resources. The data suggest that earlier trends of reliance on wild
resources and population mobility continued. Basketmaker ITI (A.D. 400-700) habitation sites yicld evidence of scasonal sedentism
and some reliance on horticulture, although the location of limited activity sites still reflects exploitation of a wide variety of wild
resources. By Pueblo 1 (A.D. 700-900) sites are located close to alluvial land where run-off occurs, emphasizing the importance of
horticulture in the economic strategy. Evidence also indicates an increase in population and incidence of storage on sites. During
Pueblo II (A-D. 900-1100) populations increased significantly, expanded into previously unoccupicd areas, and formed community
clusters of permanent and semipermanent settiements. By the middie of Pueblo II, populations became aggregated, and evidence
cxists for a region wide interaction-exchange network identified as the Chacoan Phenomenon. Specialized architectural features
referred to as Chacoan outliers appear in locales removed from Chaco Canyon, suggesting changes in arca social organization and
local economies. In the project region, outliers often occur near the base of a mesa in areas never before densely settled by local
populations. By Pueblo Il (A.D. 1100-1300) outlicr communities became pronounced, and Chaco roads were constructed, linking
outliers to each other and to Chaco Canyon. Typically, Chacoan outliers are surrounded by a variety of site types, the highest
concentrations occurring within a 3 km (2 mile) radius (Whitmore 1979). Within the first kilometer, most sites are ficldhouses, but
the varicty of sitc types increases with distance, particularly in the third kifometer (Scheick 1985). Also, the carliest sites are
farthest away, suggesting a deliberate congregation near population centers before Chacoan influence in the arca. Regardless, the
formation of outlicr communitics is interpreted as a consequence of the expanding Chacoan system centered in the San Juan Basin
69 km (43 miles) to the north. The Chacoan system was characterized by sophisticated public architecture, extensive trade
relationships, and support of a large population in a relatively small area (Scbastian 1983:13). Finally, Sebastian (1983) believes the
collapse of the Chacoan system resulted in the collapse of the support systems, resulting in arca abandonments.

Within the general project region, little evidence exists for increased reliance on maize horticulture during the
Basketmaker period, and the similarity of sites to earlicr cultural manifestations argues for continuation of largely marginal use of
the arca. Most Basketmaker 11 and I1/III manifestations are isolated finds or small artifact scatters, while Basketmaker III sites are
sherd and lithic scatters often with or without associated hearths or cists. Of interest, however, is that during Basketmaker Il a
shift from inhabiting high resource diversity slopes or elevated locations towards valley bottoms is seen and evidence of horticulture
is apparent (Scheick 1985). No Jarge habitation sites are known, although the larger number of sherd and lithic scatters combined
with a few small surface structural sites reflects 2 gradual population increase over earlier periods. Nevertheless, use still was
sporadic, and economic strategies focused on hunting and gathering, possibly with some attempts at horticulture made.

A further small increase in population is evident during Pueblo I, with most sites identified as sherd and lithic scatters.
With an increase in population, an increase in sites occurred. Consequently, settlement patterns are identified more readily during
Pueblo 1. Apparently, elevation played a vital role in site type/placement correlations. Pithouses and small surface structures are
located in pinon-juniper fringe arcas at elevations between 2,134 and 2,164 m (7,000 and 7,100 feet), while larger pithouse villages
occur at elevations up to 2,195 m (7,200 feet). Limited activity sites occur in these areas as well as in the Jower grasslands (Scheick
1985).

By A.D. 800 Pueblo I/IT occupation of the valley was seasonal, with semipermanent sites established on the valley slopes
(6,800-6,900 feet) as well as on mesatops. Sites containing late Pueblo I/early Pueblo II ceramics include surface rooms with
associated pit structures, small arcs of contiguous surface rooms with possible kivas, fieldhouses, and large villages. During this
period, a number of traits developed that later solidified around Jarge Chacoan outlicrs. Haystack Pueblo, a Chacoan outlicr, was
built during this period. Contemporancous pithouse villages with possible surface structures also were established along the
pinon-juniper fringes bordering secondary drainages in the highland arcas (Scheick 1985:17). Ceramics include Kana’a and Lino
graywares and Kiatuthlanna and Red Mesa black-on-white wares.



Archacological evidence indicates occupation and use of the region increased during Pueblo II (A.D. 900-1100). Discrete
clusters of small, medium and large sites are spread out along the numerous drainages that form the headwaters of the Rio San
Jose. Early to middle Pueblo M sites consist of isolated fieldhouses associated spatially with small to medium-sized roomblocks
(three to six rooms) with kivas, to larger groups of roomblocks (SHPO, ARMS files). Limited activity sites, petroglyphs, and
rockshelters also are documented. Ceramics include Puerco, Escavada, Gallup and Chaco black-on-white wares, Wingate and
Puerco black-on-reds, and Coolidge and Mancos corrugated wares.

Occupation of clevations below 2,073 m (6,800 feet) became common as tributaries of the major drainages were farmed.
Correlations between specific site types and particular elevations is pronounced for sites of this period. For example, farmsites (3+
rooms, scasonally occupicd and located near agricultural lands) occur at elevations between 2,073 and 2,103 m (6,800 and 6,900
feet) and between 2,195 and 2,225 m (7,200 and 7,300 feet), pueblos (primary habitations, semipermanently occupied and located in
the most agriculturally favorable physiographic zones) occur at elevations between 2,103 and 2,134 m (6,900 and 7,000 feet), and
ficldhouses (1 or 2 room sites occupicd intermittently and located near agricultural lands) occur between 2,073 and 2,134 m (6,800
and 7,000 feet) and 2,195 and 2,225 m (7,200 and 7,300 feet). Limited activity sites (usually containing no visible structures,
representing specialized use of an area) are found at all elevations (Scheick 1985).

By late Pucblo IT (A.D. 1000-1100) Chaco Canyon had become what is believed to be 2 regional socioreligious center
(Judge 1989), and Chacoan outliers were well established in the project region. Kin Nizhoni and Lower Nizhoni are 32 km (2
miles) southeast of the project area and date to early Pueblo I11 and late Pueblo 11 /early Pueblo III, respectively. A third outlier,
the Haystack community, occurs 10 km (6 miles) southwest of the project area at the base of Mesa Montanosa (LA 6022, 12573-A
and 12573-D). Possibly the carliest constructed component of Haystack, LA 12573-D, was occupied between late Pucblo I and
carly Pucblo IT (A.D. 900-1000). LA 12573-A dates exclusively to Pueblo II (A.D. 1000). LA 6022 is the latest and largest of the
three components, inhabited from late Pueblo 11 to early Pueblo III (A.D. 1000-1100) (Marshal et al. 1979).

Extending from both Kin Nizhoni and Haystack outliers are Chacoan roads; closest to the project area, one road can be
traced from Kin Nizhoni 1.5 km toward Ambrosia Lake. The Chaco road system has been studied since the 1960s, and in the north
part of the San Juan Basin roads are visibie from one settiement to another. In the project region, however, roads are fragmented
and lack definition between outliers (Nials, Stein and Roney 1987).

Other community types also are documented in the eastern Red Mesa Valley and contain large multiple or isolated C-
and T-shaped roomblocks with kivas as the center of the cluster (Powzll 1979; Miller and Frizell 1980). Interestingly, the alternate
community types (mainly habitation) arc Jocated along the many tributarics and headwaters of the Rio San Jose, such as those in
San Mateo Valley, while the outliers are Jocated in areas never densely occupied prior to their introduction (Scheick 1985:17-18).

Further, upland populations were probably loosely related, mobile, and highly adaptive. The kinds and locations of sites
in the uplands suggest a fluid social system, and population alliances within that system may have been temporary and constantly
changing. Outlicr communities in the lowland valley drainages apparently were local phenomenon and economically focused,
probably as a result of social and environmental circumscription rather than attempts at creating surplus for systematic exchange.

No evidence exists to suggest that populations in the lowland or upland communitics participated in long distance
trading of food, and no evidence exists of technological specialization in the production of economic goods other than the presence
of expedient technology related to subsistence production. The sites in the eastern Red Mesa Valley yiclded no evidence of
production or storage of surplus food. Indeed, the heavy reliance on native plants in combination with the small numbers of
storage features suggests there was little surplus.

The fow percentages of intrusive ceramics at farmsites, fieldhouses, and other residential sites suggest that simple
exchange was conducted at the site or group level (Lang 1982; Post 1985). Evidence suggésts intra-valicy exchange was more
common than inter-regional exchange. The low percentages of nonlocal goods in Puebloan inventories make suggestions of
large-scale trade insupportable. No interruptions occurred in local ceramic or flake tool traditions that would suggest new
innovations. Ceramic hybridization and combinations arc interesting, but their presence can be attributed to experimentation,
communication networks, etc. rather than to population movement.



Finally, some indications exist that Chacoan outliers may have been in situ developments (Tainter and Gillio 1980; Doyel
1982) and that they fulfilled public or administrative functions, while most recently, Fowler and others (1987) see them as
cvolutionary developments in a pan-Anasazi cultural development.

The role of outliers is based largely on conjecture since few excavations have been conducted and surveys have provided
only limited data. Data from cxcavations by the School of American Rescarch (Beal 1982) of portions of the Casamero sustaining
complex suggest most of the surrounding three to four room pucblos were seasonally occupied farmsites, and that by early Pueblo
III populations were affected by nutritional stress. Beal feels that pre-A.D. 1000 sites represent temporary, short-term occupation,
while post-A.D. 1000 sites exhibit long-term or repeated use. Most importantly, no evidence suggests local sites participated
extensively in or benefited from trade with a sophisticated cultural system. There is no indication of surplus production or
processing capacities beyond what was necessary for simple subsistence (Beal 1982:349).

Prior to A.D. 900 sites in the San Mateo Valley also represented temporary, short-term occupations, while post-A.D. 900
sites were occupied on a long-term basis. Based on ceramic evidence, Baugh (1990) believes inhabitants of the Ambrosia Lake area
were a sub-nuclear community of Kin Nizhoni. The nature of that articulation, however, is not well-defined.

Occupation of the general region continued through Pueblo HI (A.D. 1100-1300) but is represented by far fewer sites
than evidenced during Pucblo II. Throughout the period, subsistence strategics continued to emphasize a mixed pattern of
hunting, gathering and agriculture. During early Pueblo 1Tl populations concentrated near small tributaries serving restricted
drainage basins, on gentle slopes without established watercourses, or in the highlands that benefited from increased precipitation.
By A.D. 1050, however, the climate became too wet, and possibly floods rendered the lower portions of major watercourses
unusable (Beal 1984). Populations began to abandon valley floor settlements, and by the latter half of Pucblo III, the outliers also
were abandoned.

Those sites constructed during Pueblo I and Pueblo I in the highlands continued to be occupied. Reminiscent of earlier
Pucblo I pattemns, large permanent habitation sites of Pueblo I occur between 2,134 and 2,164 m (7,000 and 7,100 feet) along the
edges of the pinon-juniper woodland. Those ficldhouses and farmsites that occur are found normally above 2,134 m (7,000 fect),
and occupation of these two site types probably was short-term and intermittent. Limited activity sites occur in 2 wide variety of
environmental situations.

Smaller pueblos of 8 to 10 rooms were abandoned first in the highlands at about the same time as those in the Jower
major tributary valleys, leaving only a few large complexes in the most favorable arcas (Scheick 1985:259). Abandonment of the
arca was gradual and probably occurred in two separate episodes. Indications are that the relationships between upland and lower
valley groups were severed by Pueblo III, probably as a result of competition for arable land. The number of sites in the uplands
did not increase dramatically with the abandonment of the lower valleys; rather, the increase in site size could be a result of the
abandonment of many of the smaller pueblos already present in that area. Ruppe (1966) notes an increase in population and in
western influences on local pottery assemblages in the Malpais-Cebolleta area during early Pueblo III (A.D. 1100-1200) and a surge
of population during late Pucblo III to Pueblo IV (A.D. 1200-1400), pcrhaps as a result of abandonment of the large upland
communities around A.D. 1200. The population increase to the east may have resulted from the abandonment of the castern Red
Mesa and San Mateo valleys. .

Between A.D. 1200 and 1250, the upland arcas were used as a source of wild plant and animal foods, as reflected in the
increased number of limited activity sites dating to this time. Final abandonment of the area occurred about A.D. 1250.

Major research concerns of the Puebloan period in the area focus on the nature of Pueblo II expansion, the role of
Chacoan Outliers, and the nature of Chacoan and indigenous population interactions.

Historic Occupation
Pueblo

A cultura! hiatus occurs in the region after A.D. 1250, as the population center apparently shifted eastward. Upon the
arrival of the Spanish in 1539, the Acoma Pueblo use area extended a considerable distance from its mesatop focation in ail



directions. Modern Acoma residents claim the mesatop pueblo has been occupied continuously for at least 1,000 years

and that their origins arc from the east and northeast, as far away as Mesa Verde (Bllis 1979). Records indicate the early historic
Pucbloans relied on dry farming and ditch irrigation for their crops, and hunted and gathered in the mesas and mountains of
Mount Taylor and the Zuni Mountains.

Acoma people participated in the Pucblo Rebellion of 1680, and in 1692 accepted Reconquest refugees from the Rio
Grande Pueblos of Cochiti, Cieneguilla, Santo Domingo and Jemez. Sometime between 1697 and 1699, the refugees and a few
resident Acomas split from the pucblo and founded Laguna Pueblo to the west (Ellis 1979).

Both pueblos relied on sheep and goat herding as well as agriculture during this period. But constant Navajo raids
caused the size and location of their herding territories to fluctuate during the next century, and when the Spanish established
ranches in the confluence of the Rio Puerco and Rio San Jose and at San Mateo, their territory was further reduced (Ellis 1979;
Garcia-Mason 1979).

Today, the use area claimed by the Acoma people extends almost to Bluewater; while that of the Laguna is east of
Grants. The project area occurs just north of the northwest corner of the historic Acoma territory (Rands 1974). Indications are
that the flats east of San Mateo Creek were used for seasonal agriculture, and the highlands were used in the warm months for
summer pastures, raw material acquisition, and wild plant food and game exploitation. The arca of Ambrosia Lake no doubt
served as pasture land and as a pass for access onto San Mateo Mesa. The Laguna often crossed the Red Mesa Valley, however,
when traveling to the Zuni Mountains and/or to the Little Colorado River.

Recorded historic Puebloan sites consist mostly of herding camps. Preferred warm-weather herding site locations
apparently consisted of open lands with 2 northern exposure and good sheep beds (a large shady juniper is important). Habitation
openings most often are oriented to the east because of prevailing west winds, and normally 2 U-shaped hearth occurs 1to 2 min
front of the door. No large corrals were built, but small lambing pens were used. In the winter herds were moved to Jower
clevations, and sites were established in areas with natural windbreaks, such as sheltered canyons, along talus slopes, and major
mesa slopes surrounding drainage valieys (Cattle et al. 1981). Lambing pens were built across small rincons. Acoma summer
ranges included the south slopes and top of Mount Taylor; winter ranges centered around Laguna del Monte and Ambrosia Lake.
Laguna herds ranged farther south and east of these arcas (Rands 1973).

Pucblo herding structures are of dry-faid, unshaped boulders that often incorporate natural features; wall heights
average 40 em. Few artifacts are found in association. Small cairns, consisting of two or three stacked rocks, often are nearby
(Cattle et al. 1981). Since the early twentieth century, tents were used, leaving only rock rings or rectangles.

Navajo

Dates for when the Navajo began to use/inhabit the region are problematic. Predominantly nomadic hunter-gatherers,
the Navajo were present when the Spanish entered the arca and had been creating problems for the Puebloans by occasionally
raiding them for crops and slaves. Because of the threat the Navajo posed, Puebloan use area boundaries shifted and shrank
considerably. Morcover, it was impossible for the Spanish to establish settlements in the arca uatit the mid-1800s when the Navajo
were forced onto reservations. Indications are that at least one peaceful Navajo group, however, was allowed to remain in the arca
(Schaalsma 1977:26). Early Navajo populations subsisted on hunting, gathering, trading and raiding, but with Spanish influence,
herding of shcép and goats became important. By the 1880s, however, herding was supplemented by wage-jobs with the railroad.
Wage labor continued to increase and expand as Navajos began working as herders for Anglo, Hispanic and Pucbloan ranchers. In
fact, after the 1950s, little herding of their own stock occurred.

Recorded Navajo sites most often reflect herding activitics, with only a few habitation sites known for the region. Sites
are found in sheltered alcoves, near rock outcrops and escarpments, at canyon heads, and in pinon-juniper woodlands and grassland
fringe arcas (Tainter and Gillio 1980).

The primary research concerns in area historic archacology are the identification of early Acoma and Navajo sites,
scttlement and use patterns, and the processes of acculturation as reflected in the archacological record. Other than architectural
features, such as hogans and sweatlodges, little material remains provide clues to the ethnic identity of the majority of historic sites



in the arca. Thus, establishment of site’s cultural affiliation also is important for understanding arca history.

Spanish/Anglo

Although the Spanish first entered the region in 1539, the area already was occupicd by Pucbloan and Navajo groups.
Relative peace was established with the Puebloans after the Reconguest of ‘1696, but the Navajo resisted living in permanent
settlements until the 1800s. However, after 1846, local sheep herders, Texas cattiemen, Oklahoma farmers, California gold seekers,
Mormon settlers from Utah, and railroad workers increasingly populated the region. San Mateo was established in the mid-1800s
(Pearce 1965:147), and the town of Grants was established in 1882 as 2 railroad construction camp. Ambrosia Lake was settled by a
number of homesteaders in the nineteen-teens (Mr. A. Jebo, personal communication, September 11, 1990), and since the 1950s,
the area surrounding Ambrosia Lake has supported uranium mines. Grants remains the largest community center in the arca.

EVALUATION OF AREA RESEARCH

Archacological research in the project region began in 1943 with the identification of the Archaic culture in the
archaeological record (Bryan and Toulouse 1943). However, most rescarch conducted during the early 1900s focused on
investigating the large pucblo sites and documenting occurrences of specific groups using the arca. During the 1950s, investigations
took the form of salvage archacology as highways began to be built across the land. By the 1960s, however, awareness of site
variability increased, and settlement pattern studies became the focus of area érchaeology. During the 1980s, systematic surveys
still were not common. Also by the 1970s, site variability was recognized in the area and large tracts of land were being
investigated, supported by increasing mining activities. Archaeological work thus far has been near Prewitt and Thoreau, west
toward Gallup, in the San Matco Valley, and on the Lee Ranch north of San Mateo. Within the last ten years, large tracts of land
around Ambrosia Lake have been surveyed (Schaafsma 1977, Anschuetz 1979; Hewett 1981; Dulaney and Dosh 1981; Hammack
1985, 1988). Most projects address particular research concems, but those that do not at least provide descriptive information. A
brief overview of major research concerns for the region is presented below.

First, the identification of regional use groups is one of the earliest topics of research, with particular emphasis on the
reassessment of Cochise and Oshara tradition boundaries. The Cochise presumably inhabited southern New Mexico, and the
Oshara northeastern New Mexico. Segregation was assumed fairly rigid, but in the project region sites with diagnostiz projectile
points of either or both cultures occur (Scheick 1985, 1990). Is such a boundary between two cultures real? Also, did the Cochise
introduce maize horticulture to Oshara or was it an in situ development?

A second research question concerns the transition from Archaic to Pueblo. Basketmaker/early Puebloan ceramics
often are associated with late Archaic projectile points in the area. Are these sites multicomponent, or do they represent
transitional cultures (Bryan and Toulouse 1943; Condic 1987)?

Third, Pucbloan architectural sites are readily identifiable, but nondiagonsitc lithic scatters of both the Archaic and the
Pucbloan periods often are identical. Many of the sites recorded in the arca are artifact scatters associated with limited activities,
and since many sites lack diagnostic artifacts, differentiating between Archaic and Puebloan sites is an important research concem.

Fourth, scttlement pattern definitions are a major issue, particularly during the Pucblo 1l period. Most notable is the
role/influence of the Chacoan System in regional settlement-subsistence dynamics (Whitmore 1977; Beal 1977, 1979; Gossett and
Gossett 1983; Acklen and Bertram 1985; Scheick 1985, 1990; Baugh 1990). Many assume that the Chacoan system
disrupted/changed local settlement patterns by exerting highly organized, religious-based control over indigenous populations, but
no concrete evidence of this exits to date. Furthermore, the outlicrs are assumed by some to have served as gathering centers for
raw matcrial and agricultural produce, which then were funneled into an extensive interaction network. Chaco Road surveys also
have been conducted, but the roads cannot be identified as extensively as those adjacent to Chaco Canyon (Nials, Stein and Roney
1987). Finally, the abandonment of the project region is correlated with the collapse of the Chacoan system (Scbastian 1983:13-14).
So far, the archaeological record docs not support these assumptions.

Finally, investigations of historic sites focus on questions of ethnicity - who were the ancestors of the Acoma; when did
the Navajo first inhabit the area? Are these sites affiliated with the Navajo or were they also made and used by the Historic

Puebloan groups of Acoma and Laguna? Also, the processes involved in the acculturation of these groups is a major rescarch
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METHODS AND RESULTS

The project arca boundaries cither were defined by metal rods tied with flagging tape or were physiographically
apparent. Parallel contiguous transects spaced 15 m apart were used to survey the project area, with flagging tape used to maintain
transects and ensure total coverage. For the drainage ditches, the ditches themselves provided a centerline from which to establish
transects; a total right-of-way width of 54 m (178 feet) was surveyed for each ditch.

Sites and isolated occurrences were recorded; recent trash was not. A site is defined as a collection of cultural material
usually numbering at least ten artifacts and/or features that exhibit internal consistency, a concentrated distribution, and/or a
specific activity orientation. An isolated occurrence usually consists of less than ten artifacts and exhibits none of the
above-mentioned attributes.

Information was recorded in 2 ficld notebook. Categories of site information include physiographic location, site size,
physical descriptions of the site, its features and artifacts, artifact inventories and distribution patterns, and site
condition/disturbance. Site plan maps were drawn to scale and site overview photographs taken. Site locations were plotted on the
appropriate U.S.G.S. topographic map. Isolated occurrences were described and photographed or sketched when appropriate.
Again, locations were plotted on a U.S.G.S. topographic map.

Sites were marked on the ground by orange flagging tape tied along the apparent sitc boundaries; one flag, designated
the numbered site flag in the plan maps, was marked with the site field number. Isolated occurrences were not marked on the

ground.

The project arca consists of four blocks of land (designated A through D) and two drainage ditches (E and F) (Figure 2).
These areas include soil considered to be too high in radiation to leave uncovered (they were used to store ore, tailings and other
waste) or soils to be used in covering 'hot’ spots.

Arca A is cast of State Route 509, within the southeast corner of the State route and a road running east along the north
boundary of Section 32. Arca A surrounds the Homestake-New Mexico Partners Mine shaft complex and is bounded on the west
by State Route 509, on the north by the gravel road leading to the Sandstone Mine in Section 34, and on the east by metal rods tied
with pink flagging tape. The south boundary was defined by the comer flagged rod and the south side of the mining pond.
Approximate acreage totals 18 ha (45 acres). Soil from the eastern halfl of Arca A, east of the well on the hilltop, will be used to
cover the western half, which surrounds the mine shaft. The boundaries of the area of soil to be used as cover are marked by rods
with flagging.

The western half of Arca A supported the mine shaft and was used to store raw uranium ore and waste products and
equipment for approximately 30 years. The area has since undergone cleanup, and approximately 50 cm of ground surface has
been scraped away by graders and bulldozers. ‘The west side of the hill also is scraped slightly. Disturbance in the eastern half of
Arca A resulted from various activities. The eastern slope of the hill was used by the County as a stockpile location for road gravel;
this arca also is scraped lightly. Dirt roads and drillholes occur in the flats, and a transmission line parallels the northern boundary
road.

All 18 ha were sur(vcycd at inventory fevel. One site and 15 isolated occurrences were recorded. The site (260-1) is just
outside the flagged boundary of soil to be used for covering up the western half; the site may be *hot’ and possibly will be covered.

Arca B is west of State Route 509, directly across from the entrance into the Homestake-New Mexico Partners Mine
complex. Roughly rectangular in shape, Area B is oriented northwest-southeast and consists of approximately 4 ha (10 acres). All
boundaries are defined by rods tied with pink flagging. Also, the western edge is defined by a graded reclamation field created by
the Quivera Mine.
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Figure 2: Project arca. Map adapted from U.S.G.S. Ambrosia Lake, New Mexico Quadrangle

(1957, photorevised 1980), 75-minute scrics. 1:24,000. Map has been enlarged
154 percent from original size.
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Arca B will provide cover soil for Area C. Area B is only minimally disturbed; a dirt track parallels the fenced cast
boundary and an abandoned vent shaft is in the northwest corner.

Survey was at inventory level, and archacologists found no cultural remains.

Area Cis between arcas B and D. The north boundary of Area C consists of the flagged rods of Area B, the ecast
boundary is the fence along State Route 509, and the south and west boundaries are physiographically apparent; a ditch on the
south, and the reclamation arca on the west,

This area served as additional storage for raw ore, tailings and equipment, and much of the southwest portion was used
as a pond. Therefore, the area is considered *hot’ and will be covered by fill dirt from arcas C and D. The ore, tailings, etc., have
been removed for some time and vegetation has grown back, but like the western half of Area A, graders have removed 30 to 50 cm
of ground surface and no undisturbed portions remain.

Area C encompasses approximately 7 ha (17 acres). All 7 ha were surveyed at inventory level. Four isolated occurrences
were found.

Area D is located immediately south of Area C, separated from C by a drainage ditch. The cast boundary is the fence
paralleling State Route 509 and the west boundary is the graded reclamation field. The west half of the south boundary is defined
by more of the same graded field as it forms a corner. An east-bearing compass line from this graded arca to the fence provided
the rest of the south boundary.

Soil from Area D will be used to cover arcas C, E and F, and portions of Area A if needed. Disturbance to the ground is
restricted to the dirt track along the fence, two small ditches on either side of the track, two large ditches, and two sections of
transmission line. One section of transmission line runs east-west and actually consists of three lines. The second section is
perpendicular to the first and bisects the area in the castern half of the survey area.

Area D encompasses almost 20 ha (50 acres). Two sites and 17 isolated occurrences were recorded. The distribution of
the isolates forms southwest-northeast forms a band through the area,

Areas E and F are actually a ditch complex east of State Route 509, south of Area A. The two ditches begin as one at
the highway but branch into north and south sections. Arca E extends from the fence and includes the south branch. Survey was
terminated at a clump of three tamarisk trees south of the tailings pond in the northeastern corner of Section 32. Area Fis the
north ditch as it splits from the main ditch complex. Termination is at the same longitude, approximately SO m past the southwest
corner of the tailings pond.

Both ditches were used by the Phillips Petroleum Mine in Section 33 to drain water from their mining operations.
Although pipes carried the water within the ditches, leaks in the pipes have created *hot pockets’ that need to be buried. Low dirt
berms occur on both sides of both ditches, and both ditches cross old dirt roads traversing the alluvial flats,

The acreage surveyed for the ditches is approximately 6 ha (14 acres). Each ditch was used as a centerline, and the
archacologists walked 15 m apart up one side of the ditch and down the other, creating a right-of-way width of 27 m (89 fect) to
cach side of the ditch.

Eighteen isolated occurrences were recorded in areas E and F (1.0 s 16-33).
DESCRIPTIONS AND DISCUSSIONS OF CULTURAL REMAINS

In all, three sites and 55 isolated occurrences were recorded (Figure 3). Sites are discussed first, followed by Table 1
listing the isolates. Legal descriptions for each site are presented along with the site's physiographic location, dominant on-site
vegetation, and any physical disturbance to the site, Site attributes discussed include size, features, if present, and artifact types,
numbers, dimensions, ete. Completing the site description is a discussion focusing on site type, cultural-temporal affinity and
function.
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Figure 3: Location of sites and isolated occurrences. Map adapted from U.S.G.S. Ambrosia Lake,
New Mexico Quadrangle (1957, photorevised 1980), 7.5-minute series. 1:24,000. Map has been
enlarged 154 percent from original size.
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Diagnostic artifacts were used primarily for defining cultural-temporal assignations and include projectile points and
ceramics, for the most part. Both projectile point and ceramic styles changed through time, providing cultural-temporal markers.
Since no projectile points were observed during survey, ceramics yielded most of the information. Ceramic styles progress from
plain grayware to neck~corrugated to all over corrugations, while area decorated wares show changes from carbon paint to mineral
paint with increasingly diverse design styles throughout the Pueblo into the Historic periods (Post 1985).

Less noticeable are changes in architecture. Architectural styles differ from culture to culture and through time.
Structures prior to Pueblo I/Pueblo II often are not visible on the present ground surface, while later Puebloan architecture
generally consists of surface masonry structures. However, concentrations of artifacts and small sandstone spalls often indicate the
presence of pit structures, while larger sandstone slabs and dark stained soif indicate other subsurface features such as bins and
hearths.

Site function is determined by the identification of intra- and intersite variability in artifact asscmblages and occasionally
by architecture. Lithic assemblage diversity is monitored by attributes such as reduction stage, assemblage size, types and numbers
of formal artifacts, and types of visible wear patterns. The archacological context of the artifacts also is considered, e.g., curation,
storage, breakage, discard, tool manufacture, use or maintenance. Distribution patterns are assumed to relate directly to resource
procurement strategics and are based on the following assumptions taken from Gossett and Beal (1984:287):

1. The number of items and the size of the concentration(s) indicates occupational intensity and for
reoccupation.
2 Intact, curated tools, including groundstone, in homogeneous asscn'ablage evidences pre-planned resource .

procurement and thus anticipated activities.
3. Storage features and hearths indicate intrasite activity arcas.

4. The lack of formal tools or tool fragments on a site and a high ratio of primary reduction flakes and flake
tools suggest an expedient manufacture strategy (opportunistic utilization rather than pre-planned tool use).

S. High percentages of primary and secondary reduction flakes in conjunction with unfinished, broken tools
indicate a complete tool manufacturing process, from raw material reduction to finished formal tools.

6. Tool maintenance is indicated by high percentages of trimming and microreduction flakes.

The selection of raw materials for tool manufacture and use refates to procurcment strategics as well as to the types of
tools. For example, with lithics, raw material types for tools used in expedient activities were more likely to be selected at random,
resulting in unpatterned scatters at sites.

Three assumptions guide interpretations of artifact concentrations with respect to occupational episodes at a site
(Gossctt and Beal 1984:283-316): .

1 Sites with artifact concentrations composed of artifacts of similar types and raw materials are considered
single component episodes with possible reoccupation.

2 Large numbers of artifact concentrations with similar assemblages seemingly indicate intense occupation with

similar recurring activitics.

3. Variety in artifact and raw material types may indicate sites with multiple activities.



SITE DESCRIPTIONS
260-1 (Figure 4)

Location: T14N, ROW, NW 1/4 of NW 1/4 of NE 1/4, Section 32
UTM Coordinates: N 3921320, E 244730

Situation: The site lics off the southeast end of a small hill at the base. Although grasses predominate, chamisa is present. The
site has three prairic dog towns within its boundarics, and a dirt track runs through the south edge of the site. Artifacts appear to
have eroded downhill to the south slightly.

Site Character: Site 260-1 is a sherd and lithic scatter measuring 50 by 35 m. No distinct features were observed, but
concentrations of small, possibly firc-reddencd sandstone spalls suggest the likelihood of pit structures. A concentration of larger
sandstone slabs within the prairie dog town may once have been a bin or cist.

Approximately 100 sherds and 20 lithics were recorded. Ceramics are predominantly indented corrugated wares, some
of which appear to be Chuskan varicties. Plain graywares and clapboard corrugated wares also are plentiful. Painted wares include
primarily Gallup and Puerco-style black-on-whites, followed by Red Mesa. A single possible Kiatuthlanna Black-on-white sherd
was noted. One lug and one handle fragment were observed. All vessels recorded are jars fragments.

Lithics include chert (grays and pinks) primary, sccondary and tertiary flakes; purple quartzite and white chalcedony
secondary and tertiary flakes; and three picces of unmodified vesicular basalt.

Discussion: Based on ceramic types present and other comparable sites in the area, 260-1 dates to the late Pueblo II-Pueblo ITI
period (A.D. 825-1125). Based on excavations of other nearby sites, subsurface structures are possible (Baugh 1990). Consisting
mostly of grayware jars, site activities emphasized cooking and temporary storage of foods, probably for transportation elsewhere.
Lithics represented suggest initial reduction was conducted off-site.

260-2 (Figure 5)
Location: T14N, R9W, SE 1/4, SE 1/4, NW 1/4, Section 32
UTM Coordinates: N 3920460, E 244380

Situation: The site is just west of State Route S09 in the alluvial flats of the valley. On-site vegetation consists of grasses, Russian
thistle and chamisa, although four-wing saltbush, sage and asters grow nearby. Along the east edge of the site is a dirt track
parallcling the fence and highway. A small, narrow ditch 20 cm deep and 30 cm wide is here also. On the west edge of the site is
another small ditch with similar dimensions. The dirt berm associated with the ditch is up to 50 em wide. .

Site Character: The sherd and lithic scatter measures 28 by 48 m. Like 260-1, no features are apparent on the present ground
surface, but a few small sandstone spalls occur. Ceramics number at least 100 and consist primarily of indeterminate grayware and
indented corrugated jar sherds (with some Chuska varicties). Clapboard corrugated also occurs. Painted wares are mostly bowl
sherds, with a few jars of Gallup, Red Mesa and Puerco black-on-whites noted.

Lithics number almost 15 and occur all over the site. They include various colors of chert secondary flakes (one Chinle
chert) and purple or brown quartzite primary and sccondary flakes. One flake possibly was utilized. Also, three small pieces of
unmodified vesicular basalt were observed.

Discussion: 260-2 is possibly a field site dating to late Pueblo I to Pucblo ITI (A.D. 800-1150). The sandstone spalls may represent
either the remains of buried pit structures or deteriorated surface jacals. Ceramic types and forms present suggest storage and

cooking of foodstuffs as well as some food service (again, evidence of a more habitational nature to the site). Lithics were reduced
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2603 (Figure 6)
Location: T14N, R9W, SE 1/4, SW 1/4, NW 1/4, Section 32
UTM Coordinates: N 3920840, E 244200

Situation: The site is farther west and north of 260-2 but in the same alluvial flat. The site occurs among an extensive chamisa
ficld. Needless to say, dominant on-site vegetation is chamisa and grasses, but sage occurs in smaller quantities. No disturbance
has occurred to the site.

Site Character: The site measures 39 by 35 m. Like the other sites recorded during the project, subsurface features are not
apparcnt. Only a few small sandstone spalls occur on the surface. Artifacts consist primarily of ceramics (55 recorded),
predominantly indented corrugated and plain grayware jar sherds. Only two black-on-white jar sherds were observed a Red Mesa
and an indeterminate pinchpot fragment. Only four chert quartzite secondary flakes (and one utilized) were observed, but a trough
metate fragment and three picces of unmodified vesicular basalt also were found.

Discussion: Based on ceramic types present, the site dates between late Pueblo I and Pueblo 111 (A.D. 800-1000) and probably
represents a field site or gathering area. Given the presence of the metate fragment, processing of plant foods, probably of corn,
was conducted. Some expedient flake tool use also occurred. The sandstone spalls may indicate a subterrancan feature or the
remains of an jacal surface structure.

TABLE 1: Isolated Occurrences from SW 260

Isolated Occurrence Description

1 Small piece of unmodified vesicular basalt.

2 Two indented corrugated jar sherds.

3 Small picce of unmodificd vesicular basalt.

4 Chaco-Gallup Black-on-white jar sherd.

S Indented corrugated jar sherd.

6 Clapboard corrugated jar sherd.

7 Indented corrugated jar sherd.

8 ‘ Indented corrugated jar sherd. .

9 Unmodified vesicular basalt bomb; clapboard
corrugated jar sherd.

10 Two indeterminate whiteware sherds.

11 Two indented corrugated jar sherds.

12 Two indented corrugated jar sherds.

13 Indented corrugated jar sherd; indeterminate grayware
jarsherd.
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Table 1 (cont'd.)

Isolated Occurrence

Description

14

15

16

17

18

19

20

21

29

31

32

33

Large unmodified picce of vesicular basalt.

Indented corrugated jar sherd.

Indented corrugated jar sherd.

Indented corrugated jar sherd.

Indented corrugated jar sherd.

Clapboard corrugated jar sherd.

Two indented corrugated jar sherds.

Indented corrugated jar sherd.

Indeterminate whiteware jar sherds.

Four indeterminate whitéwarc jar sherds; opaque
obsidian biface thinning flake with a possible prepared
platform and retouch and on two edges, possible step

fracture wear patterns.

Indeterminate whitewarc jar sherd; indeterminate
black-on-white jar sherd.

Indeterminate grayware jar sherd; gray quartzite
hammerstone.

. Gallup Black-on-white jar sherd.

Possible Red Mesa Black-on-white jar sherd.
Indeterminate grayware jar sherd.
Gallup Black-on-white bowl sherd.

Indented corrugated jar sherd; indeterminate
whiteware jar sherd.

Red Mesa Black-on-white jar sherd; indeterminate
whiteware jar sherd.

Indeterminate whiteware jar sherd.

Beige granular chert primary flake with one utilized
flake on a noncortex edge.

1933 Nesbitt soda bottle.
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Table 1 (cont’d.)

Isolated Occurrence

Description

35

37

39

41

42

43

45

47

49

50°

51

52

53

55

Five indeterminate grayware jar sherds; two
indeterminate black-on-white jar sherds; one each of
Gallup Black-on-white bowl sherd and jar sherd - in an
arca 66 by 120 m.

Clapboard corrugated jar sherd; indented corrugated
jar sherd; unmodificd piece of vesicular basalt.

Indeterminate grayware jar sherd; indeterminate
whiteware sherd.

Two Gallup Black-on-white bow! sherds;
indeterminate whiteware sherd; indeterminate
grayware sherd; brown quartzite secondary flake; gray
quartzite secondary flake - in an area'66 by 30 m.
Three Puerco Black-on-white jar sherds.

Indented corrugated jar sherd; clapboard corrugated
jar sherd.

Clapboard corrugated jar sherd.

Two clapboard corrugated jar sherds.

Indeterminate whiteware sherd; indeterminate
black-on-white jar sherd.

Two indeterminate grayware jar sherds; two indented
corrugated jar sherds, one with fingernail marks.

Indeterminate grayware jar sherd.

Two indented corrugated jar sherds.

Two indented whiteware jar sherds.

1960 Dr. I;cppcr soda bottle. .
Indented corrugated jar sherd.

Indeterminate grayware jar sherd.

Pucxcc; Black-‘;n-whitc jarsherd.

Corrugated jar sherd.

Indeterminate black-on-white jar sherd.

Indeterminate black-on-white bowl sherd.
Indeterminate grayware jar sherd,
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DISCUSSION AND EVALUATION

Data from earlier projects conducted in the eastern Red Mesa Valiey, the San Mateo Basin, and the San Mateo Valley
form the basis of the region’s cultural history. The first step in the evaluative process is the establishment of data comparability
between the three sites recorded during the present project and those used in formulating the cultural history presented earlier.
Points of comparison include cultural-temporal identities of sites and components, distributional data based on major
physiographic locations by cultural-temporal affinity, site type by cultural-temporal affinity, and site function.

All three sites recorded appear as multicomponent Anasazi sherd and lithic scatters on the ground surface. Ceramics
documented on all three sites indicate they were inhabited during Pueblo I1, but 260-2 and -3 also have late Pucblo I components,
and 260-1 and -2 have Pueblo ITI components. Site 260-2 exhibits the widest range of usc from late Pueblo I to Pueblo ITI. For the
most part, lithics are nondiagnostic, although 260-3 yiclded a trough metate fragment. The dates of occupation are consistent with
other sites documented in the area.

The project was conducted in a single physiographic zone, the alluvial valley bottom near Ambrosia Lake. However,
260-1 is located at the base of a small hill within the valley, while the other two sites occur in an almost totally flat alluvial location.
Comparable sites occur in similar situations to the west (Scheick 1985), and the pattern is consistent thh known Ambrosia Lake
area scttlement patterns (Baugh 1990).

Site types are determined by the presence or absence of attributes as well as combinations of attributes. Attributes
monitored include site size, artifact diversity and density, and presence or absence of architecture types and extramural features
{Scheick 1985:55). Habitation sites have substantive architectural or material remains and indicate more than transitory
occupation, whereas limited activity sites have expedient architectural forms and limited material culture, suggesting a more limited
range of activities. Habitation is not equated with occupational permanency.

Based on sites excavated recently in the area (Scheick 1985; Baugh 1990), all three sites have the potential for external
subsurface features, such as bins and hearths. Moreover, all three sites potentially contain dwellings; 260-1 probably has pit
structures, 260-2 may have 2 pit structure or remnants of a ramada or jacal shelter, and 260-3 probably has the remains of an
cxpedient shelter. The low variability exhibited in the material culture suggests short-term seasonal use. In all likelihood, all three
sites represent limited activity agricultural loci.

Probable site functions were discussed earlier in the Site Description section of the report, but needless to say,
limitations restrict those interpretations. For example, data gathered was from surface artifacts only, which may or may not be
representative of overall site use. Clearly, agricultural and/or plant food procurement/processing was & primary on-site activity.

Apparently, lithic tool manufacture was not a primary site activity, although tool use occurred. These interpretations are consistent
with excavation data from similar sites in the area.

Data potentials for the sites are high. First, the sites are undisturbed. Second, few contemporary sites have been
excavated in the vicinity of Ambrosia Lake, thus limiting the kinds of data available for interpretation. Finally, for sites of the
Pucblo II-1I period, emphasis has been on trying to establish relationships with Chaco outliers, and results are so far inconclusive
(Baugh 1990:177). The project sites can add to the growing body of data necded to define these relationships as well as address
most of the rescarch topics identified earlier in the Cultural History section of this report.

The isolated occurrences reflect the behavioral and cultural-temporal parameters identificd by the sites within the survey
and surrounding areas. Consisting predominantly of indented corrugated jar sherds, followed by indeterminate whitewares and
graywares. Clapboard cdrrugalcd and black-on-white wares, such as Gallup, Puerco and Red Mesa, and indeterminate
black-on-whites occur in fewer numbers. Lithics recorded are few, consisting of flakes (often utilized) and unmodified pieces of
vesicular basalt. Two historic bottle fragments (1.0.s 34 and 48) dating to the 1930s and 1960s, respectively, also were documented.

Isolated Occurrences 6 through 12 are Jocated south and east of site 260-1, and no doubt arc associated with the site.
Isolated Occurrences 20 through 26, located at the castern end of the ditch surveyed as Area F, occur within Jand already surveyed
(Hammack 1985) and probably are associated with use of LA 50379 and LA 50380.
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Finally, the isolated occurrences recorded in Area D occur in & band northeast to southwest. The pb was
emmined through serisls to determine If the isolates indicate a Chincoan road through the valley, but such is not the case (M. J.
Roney, personal communication September 21,3990). Although a 1977 acrial examlined at the New Mexico State Highway
Department, Photogrammetry Section, depicts a definite trail (Miscellancous Can No. 27, negative No. 102-105), given the profect
arca once was ranch land, the trail may be a cow-path. Alternately, the band of artifacts may indeed indicate the location of a
prehistoric trail. Nonetheless, the land has been disturbed by highway and transmission line construction and various sanching and
mining sctivities, and the spatial arangement of the isolates may be coincidental.

SUMMARY

All three sites contain Pueblo IT componeats and may be part of the Kin Nizhoni subnuclear community (Baugh 1990).
In all Jikelihood, they are farmsites, fieldh or ikt Jocations. The artifact inventories scemingly support this interpretation.
Thz addition of bowd sherds in the 260-2 amemblage tends to support & more substantial occupation as relnforeed by the poteatial
foc subsuriace strocture(s). The supgested site interpretations arc consistent with the outher community patterns observed,

" The lsolated occurrences ded further substantiate area use ax indic d by both the recorded sites and the cultural
history of the region.

RECOMMENDATIONS

"The State Register of Cultural Propertics snd the Natlonal Register of Historic Places were consulted, and no sites .
currently on of nominated to them occur within or in elose proximity to the project boundarics. ’

All three sites are recommended as efigible for fnchssion on the Nation and State registers based on their demonstrated
h lale. Consequently, agy disturbance to the sites would require further work. However, upon consultation with the
client, 260-2 and -3 can be avolded. These two sites can be fenced during land disturbing activities; fencing will be erected 33 m
(100 feet) past flagged site boundarics to provide & protective buffer for any possible subsurface features. Fencing should be
removed once land disturbing activitics are finished.

Since the soil incorporated by 260-1 may be too radioactive to remain exposed to 1be air, the sitc Is slated to be buried.
Given existing soil conditions and the site's proposed trestmeat, for all intents and purposes, the site will be Jost. Therefore, we
recommend excavation of the site after submittal and approve] of & data recovery plan 10 the New Mexico State Historic
Preservation Office,

Rescarch potenzhk of the Isolated occurrences are exhansted as a result of field documentation and warrant no further
jovestigation.
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SECTION 4 EVAPORATION POND MAP
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2 f—— % — , ticity, brown
—d ! M 1 l i
‘i/: l ; ; Gl .
10 __l/r S
;/ T , :
'_i'i:ooc ; - CLAYEY SAND; predominani
‘——%1 ; 3 : 5G] ly fine, medium plastic-
- —— 0, : ° H - .
15 ga‘%{/t : : : ity; dark brown
R ::: p—— : S SILTY SAND, predominant-
"= —felole t—— : : S ly fine, nonplastic,
— e ° o : SM— brown .
20— i —
: \J 2 - : ’ .
~ / I f SILTY CLAY, medium plas-
) / : . ' ticity, brown
25| — %;__
%! - ' i CL
30 % L,
— .
] — 21:‘; r— ; SILTY SAND, predominant-
e i , ly fine, some clay, low
35 ool T : : A plasticity, brown
T eoe T x ; —SM—
C—— o ° [ : i 7 ;
—_—— 0 ° -} . i : ' '
e . e ol® : ! N
40 2 : '
— . ' ' ' Stopped auger at 40'
—_— :'—“ . i
45— ! :
\__, B o T '
GROUND WATER ' SAMPLE TYPE

pfp,f,ﬂ—r[ Hour ][ ?A’TIE ]I A - Avger cuttings. B ~ Black somale &
i -



s|l|

proJect Monitor Well IX .tall .cion | Y uc . TEST CORING ROW

L.

;o8 NO.EBO-1015 pave__ Zmx2/80 .
' .. i RIG TYPE _CME-55
- . é = | 5z _ | BORING TYPE 8" Hollow Stem Auger
ColsErg - 8l 5| 2z | 85 | 3£ | SURFACEELEV.
£ | 3358 S ANl E7e ] gD | rz | S | paTum
T s E. |ElE| i e8| 2 | 2%
s | &8s 85 [S|&|233 &5 | 28 | 58 REMARKS VISUAL CLASSIFICATION
O =777 I E— CLAY, high plasticity,
4 1 1 . .
_ / I S light gray
_— /i ! )
—_— s ' : ]
’ ] / L : i CI-J_
"-\/“—‘ { !
/; b
17—
10 7/ ;J i ¢ SANDY CLAY, medium plas
_.__/ - i ticity, light brown
/ I !
13 ~—% —
-_.___/] : l ] €l—
___/u' e : ;
20 ——/ : '
_ .
/; : ' H '
B / T I
| /A- —
251 —_— . CLAY, high plasticity,
E— %: —: ' , . CL dark brown -
Z
lv7 o - CL SANDY CLAY, medium plas
::2 — : ; ticity, dark brown
30| el T : - : SILTY SAWD, predominant
lelofe i - : : ly fine, nonplastic,
o|2lo | : brown
_-..__ °lo]® | . ' : oM
3517 ): °ls , : __ ;
e olofe i é !
—— )0 : ° __: . H 1
S g PY L S i :
[ S T i =7
40 _ : ——
- . : ‘ - : Stopped auger at 40'
PO L ) i
45 .o j
GROUND WATER SAMPLE TYPE
DEPTH HOUR DATE

A = Auger cuttings, B - Block somple

287 2712 $ =2 0.0. 138" L.D. tube somola. -




I\,

.;”

péo ‘:C'l:}1 it Vell I "( 11 ( R
JECTONLLOL VEL. T -llal.om .G O} (EST CORIRG HO.
Jog NO._E80-1015 pate_ /13780 ~ ' £

. 5 RIG TYPE CME-55
% ;_:E s | iz _ | BORING TYPE 8" Hollow Stem Auger
PY L 1°3 haad .
< lsssl S15p2 ) 23 | &5 | 3% | SURFACEELEV.
< |35 s el 578} E5 | 2T | 22 | paTUM
R TR HHE R R L
s |ées | &5 |s18la=x2| &3 | 28 | 5¢ REMARKS VISUAL CLASSIFICATION
O|= .I°';—| P i l , ' '] SILTY SAND, predomina
— . e :, n " Sl%-‘ :. 3
ol le ! i ¥ ly fine, nonplastic,
— 7 . - ! ! , : brown
3 /;L — — SANDY CLAY, medium pl.
5 /[ T ‘ , : : ‘ ticity, brown
. cee— i ! 1 i .
T /: : t | . . )
N L : i
e —
———] I ! i ;
10 q/ b i ! i
. ._”._/ ; ; ;
) .__.~__/! i1 i ;
/3 ' 1 :
- i _
15{——i *° —— - -
o twes: 1 ; : SAND, predominantly fi:
~1 e ® i 0 - g . -
R R N | ! . nonplastic, light brow
1 e e | 1 : . .
U I ' TSP
-~—| LI I ) i . V 1
20 e e
~ —— * e @ N ) .
/:0' i . [ : :
A A ] +
;/:o"a — l - ‘ CLAYEY SAND, predominar
0y — - : : ‘ ly fine, medium plastic
25T Yy T —SG—~ ity, gray
— aaaaao" :
PR, () . 1 .
oa% i
— 40— N -
olo[e - . SILTY SAND, predominant
30 ofote =3 . ' ly fine, nonplastic, te
-3 -] L
— (-] : o . Ll g H
T olle v -
— e ®lel®
-] ° -} -
g N 1 Sl
35 o : o - 5 . . ‘ T
’ ® -} e ; j‘ ‘ Y
———| © ] ! H :
. o : o s i : i
4 o =] :—‘; ! T
: o : L J 7
40 . — - . M ‘ 1
TR . ; . - | Stopped auger at 40
— - ; . -
45 . _ 1
GCROUND WATER . SAMPLE TYPE
| oeptn | woum | OATE | 4 e -



‘\m’

pRoJECT Monitor Well In{ a11€ i

,_
]
o

FWAY A Il
o 3ol :EeT pORING NO.2

308°N0._E80-T0I5 paye_ ™= L2780 ) ‘
.. £ RIG TYPE CME-55 -
< . Eéé 2 .E_g . BORING TYPE 8" Hollow Stem Auger

Cpsisg - BlSoi| 23| 8% | 33 | SURFACEELEV.

S FERELE LN ERTEL Es ] pE o S | PATwM

SISl BN R e el B L B

d1esE] 85 [3|5|833 | &3 | 28 | 38 REMARKS YISUAL CLASSIFICATION

0 RO T SILTY SAND, predomina
_,// R ; T i 1y fine, monplastic,
____// ; ! I i brown _
—\| : | I_CL SANDY CLAY, medium pl
51— /! — : 3 : ticity, light brown
I///f- : ' H !
—_— i i i
%L C o ! i ; CLAY, high plasticity,
N i —CL— dark brown
/Al l J; e

10 . ///| 1] .
< L : : »_CL CLAY, some gravel, mec
/ : : ! : um plasticity, light

L l ! brown
I i L CL -
15 ___/= P! ! B ‘ SANDY CLAY, medium pla
S i [ ticity, light brown
e dofofe b - : ,
olofe 1t s o SILTY SANWD, predominan
N B4 23 A ! s ly fine, nonplastic,
o]%lo ! n A

20 e ' : light brown

%l — - —CL ClLAY, high plasticity,
.Al - ; i ‘ dark brown
B A - -

25 |——1 ¢ °lo . ! SILTY SARD, predominani
ofele 1 : : ly fine, nonplastic,
o|%fs Lt ; : brown :
o} fo H

ok
301 ] : o s ‘ ! ; .
R 4 2 I i f T SM”
b i '
SR 4 4 P SO R TR -
| l o : o -1 i i
. 3 olale ' T i ]
. : °: T . T
LOF—— ‘ _
- | ] ‘ Stopped auger at 40'
S ; | r
: i E
GROUND WATER
SAMPLE TYPE
! :EﬁP:TH ]‘ HOUR ! :’?:E‘_‘Jl _A—:-‘\.aw_u euHings. B = Block semple



prosect Monitor Well I _a1¥ ion Y . b

. i RIG TYPE CME-55
3 . 38§ = | £2 . | BORING TYPE 8'" Hollow Stem Auger
YT Sl ¢ | 2: | 35 | 5% | SURFACEELEV.
= 185s8 fLfNlins] Ec | gE | S£ [ paTuw
T OS85 t. |B|E| i3 o5 | 0 | 2%
S | S| &5 [&l8|as23 ) 85 | 28 | 53 REKARKS .. VISUAL CLASSIFICATION
o/~ ':‘?:“g T : STLTY SAND, predominant
ol?le T —Si - ‘ 1y fine, nonplastic,
— ——0 | brown : :
- /? ——— — o CLAY, high plasticity,
5 — / — —LCL | ' _ dark brown
7
—s A e —— CLAYEY SAND, predominan
10 — Y ly fine, some gravel,
. '——‘ 0"00000' low plasticity, tan
___,! %L - .
i 4504, fof g 0
— OO:%: . LJC
—— ooac;
15| 4 i
4%, .
' ",%!
—— 7 :
e __q/ CLAY, high plasticity,
20 | — / X CL- brown :
—_ 7//; i '

- 7 : SANDY CLAY, medium plas-
25| / : CL’ ticity, reddish brown
i, |

- 7 —— .
—_—— —— " _CL : SANDY CLAY, some gravel
—_— /____ el medium plasticity, dark
30 Ll brown
::: ' SILTY SAND, predominant
.ol - ‘ ly fine, nonplastic,
e I 4 PO ' ” light brown
—_— 0} |0 —a—
35— :’:: — —SM-
< m——— D © — — —— *
40 Sleif © '
e e e Stopped auger at 40’
45 fo—oo- o ]
GROUND WATER SAMPLE TYPE -

[ oeptu | wour DATE .
I 273 i ! 071*)-'! f - :.t:g:r.:u:n_n-;:. B - Block somple J°,



o

MW-7R

PRoJECT Monitor Well 1;;‘; a11{ ion < 5 d iEsT BORING KON
JOB NO._E80-1015 DATE__ ., 12/80 ' -
. _F RIGC TYPE CI.',IE =25
- 3__§E e ;g . BORING TYPE 8 HOllO‘J Stem Auger
ST S{<- 8] zs | 85 | 5% | SURFACEELEV.
3 o= ¢ © =1 ®a [ - v
- 22s P4 o]l ol 2.6 s s gﬁ - DATUW.
TS| 5, BBl g S8 | i9 | <
S 1Ses ] S5 |2|s1283) &5 | 3¢ 5 REMARKS VISUAL CLASSIFICATION
o I N SILTY SAND, predomina
T elele T "SM‘j ly fine, nonplastic,
— f//’ . brown
. é - CL _ SANDY CLAY, medium pl:
5 ;/ Al : ticity, 'tan
ﬁ-:./i*= " CLAY, high plasticity,
/l_ cL dark brown to llght
_ : - brown
10 7
' ——// i SANDY CLAY, medium pla
,___/: ticity, brown
——~_/ ~ CL~
15 ———1/
—7
.__::_/ . CLAY, high Dlastlc::.ty,
o / - dark brown
20 —-—3/_-'—
%.i A
":‘:J/ —
B /;._:: |
30 ‘—‘——i? S —
_-.—-g .
= /'__
AA
3577 ::ﬁ = SILTY SAND, predominant
S 10— ; ly fine, some gravel,
— :: ° —SM~ nonplastic, brown
i e 1 oy —
el le =T T
40
-— prems— Stopped zuger at 40'
4517 T
GROUND WATER i

r FEPTM [ MO f

SAMPLE TYFE

MATF '




.[”

p’;’zoJch Monitor Well Ixf; ;alf.'

MW-8R

ion L -
= CME-55 :
. 5 RIG TYPE

5 . ;ég = | 5z . | BORING TYPE 8" Hollow Stem Auger

< bsse - {81 Se2| 25 | &3 | 3% | SURFACEELEV.

R Nl 8%e g} 2} 22 | patum

1| f. Bl ig=f o | fo | 2%
8 |Sda | &5 .§ 5853 | &3 22 355 REMARKS VISUAL CLASSIFICATION

0 - (' SILTY SAND, predomina:
— e TSH %zovaine, nonplastic,"

777 :
— 7 - T CL” CLAY, high plasticity,

5 | //I dark brown

7
// . SANDY CLAY, medium ple
— /L —LL- ticity, dark brown
1 o —

0 /aao S -
- %% - CLAYEY SAND, predomina
— £ ly fine, medium plasti

°:o°o p— : SC ity, dark brown
15— i
° : o :
| Jofife d SILTY SAND, predominant
— {ol°ls fine, nonplastic, tan
I o S~
20— of2fe T —
77 .
_// P [ i , CLAY, high plasticity,
— — dark brown
25 ____1/ ;
B /___ o
______.s/
30}—— /// — |
—al%e - —5M- SILTY SAND, predominant
1ele ly fine, some. gravel,
T iefele T nonplastic, brown
35|t ofele SILTY SAND, predominant
—lofilo : ly fine, nonplastic,
S s 1 b X SH- _ light brown
B Y < e —
40 oo
. R Stopped auger at 40'
45) ——- —_—
GROUND WATER

| cEptn | woum | Date |

SAMPLE TYPE

- -



PrRoJECT Monitor Well Iri,..all(.

o)

MW=-YK :

GROUND WATER

[ oerTa |
14 ]

wour |
T

DATE |

A

GIEIGE

SAMPLE TYPE

A — Auger cuttings.

E - Elock somole

|

=

- ton G C. [EST EORING NO.
JoB NO._EBO0-1015 patg - w2/80 -R i
.. _F RIG TYPE CME-55
3 7’-‘2 s | £z . | BORING TYPE 8" Hollow Stem Auger
- pess | L S22 | 235 | 85 | =% | surFace ELEV.
s [E8s S_S vg .§ E??.f’ g:.: gn:_ gs REMARKS VISUAL CLASSIFICATION
0 ———}-¥ip —_
I",oj‘:—l : : ' 1 S1 SILTY SAND, predominai
.____{7 ; ly fine, nonplastic,
_.___{/' : brown
““’/ — SANDY CLAY, medium pl:
= /“’ ! : l ticity, dark brown
—_— L '
/ot
10 -—-—-i%?—: !
i |
” E:E} — SILTY SAND, predominant
15 T efefe T ; ly fine, nonplastic,
toltle - light brown
' olole T3 , , ‘
1.l i § LSt
'—_—"? o : °
Y e
Y —— o)l bt :
3 ,'- 1 10 Qa ' 1 h ! -
~ 7 N A l ; .
AN : SC CLAYEY SAND, predominan
o, : ly fine, low plasticity
25 7 . ————— brown
—-——-—/' i —CL- SANDY CLAY, medium plas
— /‘ : ticity, dark brown -
= : 4
30 olole — | SILTY SAND, predominant
- olole ! fine, nonplastic, brown
i -3 0 ‘.
- SO: ; : 3 i Sl’i—'
- ) o° 2 ° : .
35 [——i 2o
— 1;’: ; . ‘
] l/—"—" : i T CT CLAY, high plasticity,
40 T //""“ - ; dark brown
_— ——L— ’ : Stopped auger at 40'
45— '
N A



PROJECT Momitor Well = _a11l | ~y MWgTOR
nitor We .+ ~-alliion L - "
JoB NO._EB80-1015 pate 2/12/80 } & O. fEST LORING HO.I:

" Ui -RIG TYPE CHME-55
: sf = | 2 . | BORING TYPE 8" Hollow Stem Auger
< lsse - x ‘f=o_§ = 8% | == | SURFACE ELEV.
£ | 2es| & mians ) EL ) rz | 22 | paTuw
= | £3:] 2 |2]5|£5| 88 | 25 | E%
s | ge3| Se (Eleflde=| 25 | 2: | 52
o |dd2 | 85 |4]a|B22 | &3 | 2« | S0 REMARKS VISUAL CLASSIFICATION
o1 TRl SILTY SAND, predomina
S L S ly fine, nonplastic,
//' . ~———— | brown
- — / il SANDY CLAY, medium pl.
5= — ticity, light brown t

dark brown

.”l

—— ——n—— r— ——— -

10

i
N

N

CLAYEY SAND, predomine
ly fine, medium plasti

!
R
o\
Doo
A2)

o
o
o

~——-{%/%45 i : <5
— me—aad 76 3
15 _.~...5%! : — ity, dark brown
i on%;'
RN M L ' SILTY SAND, predominan
- oo SH 1y fine, monplastic,
Y e light brown
20 c—eea // . o——
— / SAWDY CLAY, medium ple
I / —_— ticity, dark brown -
. -_._.. /- ! CL—
5] - E%".“
R SILTY SAND, predominar
..... 4 1 M ly fine, nonplastic,
. —m) 0] %o light brown
30 —— O ° | =
—telale
. | -} ° -]
...... elele
Tl T : SH—
35f-—is|ofs ‘
S Hr
.- .--—dl o ° o - d i
1ol te 1
=12l :
Lok vol o -' il 1
L R : ' Stopped auger at 40’
45| - -

GCROUND WATER SAMPI E TYPE




P}zOJECT_]iQni_tQIJ&_el_l_J_t‘;all(-i on_

“

MW LK

- G (EST CONIKG HO.4W -
JOB NO._E80-1015 DATE___o 22/80 ,
. N RIG TYPE CME-55
- . L] 8= . | BORING TYPE 8" Hollow Stem Auger
Pé s s3] 25 | &% | 51 | surraceELev.
ce [ESEL s |7 ER ) EE | | 22 | oatum
— £ £z 2. |BfzlEs | e8| 39 | 2%
S lSse| S5 1815|283 53 CH, 3 REMARKS VISUAL CLASSIFICATION
0 K N FT = SILTY SAND, predominan
T o0 T T SM— ly fine, nonplastic,
Y772 brown :
] / . : SANDY CLAY, medium plat
5|7/ /~— - ticity, light brown.to
—_— —— i : dark brown :
_— . — : t CL
— /-___ A
10 | — r///— , : :
'%E . f : CLAYEY SAND, predominan
—— % : . ly fine, medium plastic.
- a°,,°°c| . ity, dark brown
15 |~ % : L_sC
/450, .
H og°o
-!ocb"_lo/ .
S 4 b4 PR SILTY SAND, predominant:
20 e LI SH ly fine, nomplastic,
- ——'5l°ls light brown
) S .
7 —_ /= t ! ! ! ; SANDY CLAY, medium plas-:
S / : ticity, dark brown
=
—— %._.____ CL..
307 % :
I\ .
e ::: _____ i SILTY SAND, predominent-
= — oels - r ly fine, some gravel,
351" efele ~ - nonplastic, brown
L —— SH- o
—.lalels
S - v ;
——— (-] ° : ————— ——— 1' -—
40
— ; - = Stopped auger at 40°
J s - —_—
\.—f‘: e
GROUND WATER .
[ceptn | wour ] DATEJ A - Auger i‘::,l:tE T:fEm..L ..



C
V!

Monitor Well MW-12
completed 10-27-77

0! - 9! moist sand and clay

9! - 12! send

2t - 13 clay and sand

13f - 18 - ‘saturated zone of clay and sand
18' total depth drilled



N ‘
. L. a % « L
PROJECT 3 2clec 2, A Ao £

o ——ry

- D m =
JCBNC.E TRl SNTE S D = B

<~

<G OF TEST BQRBIMNG RO,

\'5

- 3 RIG TYPE___ CAT LT S5
e P I ¥ . | ozcamc TYPE_E ALY A5
S e L 318 23 | &5 | 3% | SurFacE ELEV. —
— | £ }|38%s| £ I R G - :z D= | DATUM
2 |83 %, |B|F| 35z 25 39 | <k
Slefe| 628 (El2ls=3 | 825 | &£ 5 REMARKS VISUAL CLASSIFICATION
o |- S S
T e e e rr Sorcty clly, et
o _z.____‘__g________ _ ﬁ/a.f/’/‘c./y 5 ///a/{/ Bros
e e ma— |
—— A . 5C ] Cla yey .SanaJ/ /yffaémfn
SO A A S N frne, /"“’/0/“#5"75
: o * i VoG bt Browh 7o redd{sd-6
/0 ______J | i l i‘ ] .
: (i 1 1
| [ ‘ .
T n 4 ;:5 Zy?}"&/f Lrow.
Py l |
U ! |
! i L i
T e <
Ay i i _ J 50/4‘7;7::’/
A i| r—f 7 C/ﬁ/e/&fﬂ JYudh ’
—-—i ]—-;—’ 5C ,[//'ch Low Lo /77504«4//”
Ve | plasticdds, Lkt 7an.
] i
_____] l 1 2 1 } s R
30 i 50/;@{5‘7;067 /7700/6»—&727
— Wgaﬁcr(aj Sol ¥ 5
] ﬁaaéra/é/ /54)-//
- Yellow - 7an
l
I 570?0/{//4:}6/‘ @ 2}'/2_'
l -
o i
'; i i
[ K |
i U - 1 1o bt cd o b sl e f i — petd
— A== 4 - -
] - v -
s P
. (1
i s
I |
’ I | |

GROUND WATER

1]
SAMPLF TYpE



“ . rd-1y
pProJEcT Monitor Well Inf~3llation . R g ‘
P T 0= T0T5 5~ /-850 _ Ld~\OF TEST BORING NO._ 14

. = RIG TYPE CIME-55
< . E:E o gi BORING TYFE 8" Hollow Stem Auger
V& | s5. | _ §1°- 5| 25 | 88 | =f | SURFACEELEV.
R - N A P A R T B T
sz | = a(e]l g5 o 2 s
§~ ccw S o ElE g 2 - =8 =%
o i oS |&6lé ag;é 35 35 5s REMARKS ’ VISUAL CLASSIFICATION
[ — /"U .-‘.__ ; . i .
0-| =y e T b onde o] e norame | CLAYEY. SAND, _predomin: .
! nnay: toy ! 1 SC antly fine, medium plas-
‘Io/an,“’ ' ! ' ' ticity, light brown
- — — : e SANDY CLAY, medium plas-
1 . ! iy P
) / 3 i ——~CL~ , ticity, brown
]
7 .
0, [l .
“2":"0 | ' ' — CLAYEY SAND, predom-
B "Do/’. : ; { : c _ inantly fine, medium
10 "/ o l : i plasticity, brown
: i ) ; ! ) - -
/ T : T SANDY CLAY, medium
/,; | i I ] plasticity, brown
: Z’:ﬁ | ! ! ; ! SILTY SAND, predominant-
15 |1 °lf° : ' | ! ly fine, nonplastic,
olefo I i | : : light brown
o : o | I ' i i .
— Sfefe A | S _
(] o . ' ' .
elofo 1T 4 ] s T
-1 20 : o o i [ P
———— o i .
ei_le . =
} %’cc il : ! .
% HE : ) CLAYEY SAND, predomin-
0°o°o°° s i : antly fine, medium
25 9%c/4 | i i i plasticity, brown
c" A —_ y
% | X b
—_— :ooc" % i i ! SC
RSSO | agoooa g : : :
%0/, I .
30 % | i 5 '
04 T t
——— 2 1 - - o—
- alele i 1 ! T - .
ol°lo 1 I i : - . SILTY SAND, predomin-
35 z," ' i i antly fine, some sand-
I o: E ] stone fragments,
_ | olofe i ! i . nonplastic, light brown
] L) N i v *
— e | ¢ L ! ,
_ ol®fo 1! : i - f
4o | Velofe T T ey !
] el e, i ! 1 H
SN e 2 P S IO O
° ' .
— ekl —
ey T [ PSSR :
P e I Y O s m ; SANDY CLAY, medium plas-
; M : : ticity, brown :
5720 P // . ) :
i T CL—
S DY S S
//. e i : . . = - XTI
50 . . - : i opped auger 9
GROUND WATER .
[ oeptn [ wour | obate | e e _stMPLE T:PE_, . ﬁl": SFROFNT HALISKINS & BFCKWITH



.PROJECT Monitor WEII‘ Ing

JOB NO.__E80-1015DATE

‘allation

£0/80_

-/

r‘< OF TEST BORING NO. 1'

[ cern | wour | oate |

A = Auger cuttings,

B - Block 1omale

. e RIS TYPE. CMT-ss
- <3| = | 53 BORING TYPE____ €
I B 8l e 5| 25 | §6 | =5 | sureace ELEV.__
boe L STE| R J.|%] &% Ex | 22 | 9E | patum
IHBHERHEHEIEIHIE
s | &2 | 58 |a|&| 2= | 88 | 25 | 52 REMARKS
U [ —— A,
it itk il b v‘; A "—‘;--'—:r—— m—ed .o i.. [ ._....—qy.-".,.__,.,_,,_,.._.H1,.;_,-.-,..-_\1 Q_I:ié.YEY SAND Preggmn-
___'%__‘__:_ i SC antly fine, medium plat
"n%j - = : ticity, llght brown
A7/ - ! :
5 |— / et S SANDY CLAY, medium plac
!/‘ L ; | ' ticity, light brown
—/e o
/ : ‘ ; |
. H ! i
E i | !
10 // ' l ! !
: ° : [ | ' 1 :
offlo 11 i | ! SILTY SAND, predomin-
SUE B4 1 b B A : ! ' antly fine, nonplastic,
15 ::‘; l : ; ! SM light b:own
I 4 L P T l l
[ efale It l !
) S S P
20 LR : : ° CLAYEY SAND, predomin-
| iees _ | | i antly fine, medium
) AT : ' plasticity, brown
. °c i ! L SP SAND, predominantly
25 fro— ol 11 i ! fine, nonplastic, light
AL B ' ! ! brown A
——7/ | | ‘ ! :
__.____/ | ! 5 . SANDY CLAY, medium plas
__-_/' P i l ! CL__ ticity, dark brown
W=
s _— Uﬁfi; . ! A ;
—ofls i T SILTY SAND, predominant
T clle T : ; ly fine, some fine
35 :‘::ﬁ T ! ! . gravel, nonplastic, tan
T S
60 | fels T,
N : : SANDSTONE, soft, light
- : : ! brown-
4 &5 ~__ i ' ' ' Stopped auger @ 44'
< | oo |
S ! ! il | i
' ! | i l '
GROUND WATER SAMPLE TYPE

!
(;7, SERGENT, HAUSKINS & BECKWIT




s o

L1t/

* prosecT__ Monitor Well L& :allation L ™\ OF TEST BORING NoO._ 16
JoB NO.EBO-1015 pate  6,21/80 ‘ L _
N e RIG TYPE cM= S8
. _ |- 2E . £ BGRING TYPE
s ] .. gler k| 23 56 | =§ | SURFACE ELEV.
Ve 828 5 Fls8a | E2 [ 93 | 8% | patum
d | 8&c | &5 |s5|&|l == &3 25 | 58 REMARKS
O T T S [mb o e o e | GLAYEY<SAND ;- predomin--
Y AR i | i SC antly fine, medium
6% ; T plasticity, light brown
5 / P ' ! SANDY CLAY, medium plas-
/: b ; . ticity, brown
S l,..g[_ - 1 e ——— e e et e e
/ P : i .
/ s i - 7 CL—
‘ 10 S 1 [ i !
. /I P | i
/: T i ' :
c ! ! :
1 © ° [-] | | B : i
15 T— sfols T R R SILTY SAND, predominant-
I O PP I I : ly fine, nonplastic,
:i/ K | : : light brown
HEE B ) ! ' .
—_ / . ! ' ' SANDY CLAY, medium plas-
] L ' ‘ : ticity, dark brown
20 * I H t
— | / i l , _J_CL__
i H : .
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~ - Ambrosia La
Section 4 Evapora
Monitor Hell

Deﬁth
< Li Falt
* Lithology
Sandy Clay f'h 2 '
Silty Sand
Sandy Clay 1p
Silty Sand
‘ . 210
Sandy clay
30
. 4p
Sitty Sand B
2D
6P

te, WM
tion Ponds
M-31

Cement Seal’

Backf%]i

6 i/B" Rotary Borehale -

4" PVC Casing

.010 Slot PVC Casing

£2 Blasting Sand
' Gravel Pack

5' Section of Slotted™
Casing Lost Downhole.

* Samples'of the cuttings were not obtained beczuse of the rotary'methogs used.
Lithology is inferred from M-25 located approximately 100" east.

Date drilled: 8-2-84 ~

Depth to water: 39.48 from grade (8-3-84)
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BENNY E. McMILLAN, P.E,

° DALE V. BEDENKO®, P.E, . RQBERT O. BOOTH, P.E. .
8UD WOODWARD

April 16, 1979

Kerr-McGee Nuclear Corporation SHB Job No. E79-1033
Kerr-McGee Center .
Oklahoma City, Oklahoma 73125

.Attention: Mr. John DeVito-

‘Re: 150 Acre Evaporation Ponds

Anbrosia Lake, New Mexico
Gentlemen,

Our Geotechnical Investigation Report on the referenced
project is herewith submitted. The report includes the re-
sults of test drilling and laboratory analyses along with

. our discussions and recommendations.

. . -'S’?/) 3 ri‘
AR HipAME d§ e
Y P L
i e H. Beckyith, P.E. /X

Should any questions arise concerning this report, we would
be pleased to discuss them with you.

" Geg
4

And

Robert D. Booth, P.E.

Copies: Addressee (4)

REPLY TO: 2821 GIRARD BLVD., N.E., ALEUQUERQUE, NEW V

PHQENIX ALBUQUERCUE EL PASO
(602) 272-6845 (505) 345-8608 (915} £21-8188
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" 150 Acre Evaporation Ponds

Ambrosia Lake, New Mexico

.

SHB Job No. E79-1033

- INTRODUCTION

This'report is submitted pursuant to a geotechnical in-
vestigation made by this firm of the proposed 150 Acre
Evaporation Ponds located at Ambrosia Lzke, New Mexico.
The object of this investigation wés_to evaluate the

-'physicél properties of subsoils and rock underlying the
- site to provide recommendations for embankment designm,

necessary foundation treatment and lining requirements,
along with guide spec1f1cag1ons for site grading.

In addition to the proposed area of the 150 acre ponds,
an area to the south being considered for future expan-
sion was also investigated.

It was not -within the scope of this investigation to

evaluate the chemical durability of the lining materizls
relative to the fluids which are to be retained.

PROJECT DESCRIPTION

Information on the proposed construction was provided to
us by Mr. John DeVito of Kerr-McGee Nuclear Corporation.

150 acres of new ponds are to be constructed south and

west of the existing ponds as shown on the site plan in

~Appendlx A.

A series of five ponds are to be constructed, with . a2
total surface area of approalmately 150 acres. Shallow
cuts are planned in the pond floors in such a .way that

B8} CORBULTING $SOIL AND FOUNOATION EnGingIns
PuCEMIE ¢ TUCION ¢ ALBUTUEROUE

g
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150 Acre Evaporation Ponds
Ambrosia Lake, New Mexico
SHB Job No. E79-1033

3.

the excavated material will approximately equal the
required volume of dike embankments. Maximum height of
watéf impounded will be approximately 10 feet. Tenta-
tively, membrane lining is planned for the ponds. Slopes
of the dikes will be lined with 36 mil reinforced poly-.
ester Hypalon, while 20 mil PVC will be utilized to line
the floors. In accordance with the suppliers’ require-
ments, 12 inches of clean gravel cover is planned over
the PVC 1lining. The lining on the slopes will not be
covered. Slopes of 3 horizontal to 1 vertical will be
necessary to meet réquireménts for facing the 1lining.

. It is understood that a similar lining system has been

1

used on the existing ponds.

The waste waters to be retained are highly acidic, with

the pH being in the range of 1.0 to 1.3.

INVESTIGATION

Subsurface Explbration

Fifty-three explorétory borings were drilled to depths
varying from 2% to 80 feet utilizing a CME-55 truck-
mounted drill rig and 6 5/8 inch 0.D. hollow stem auger.
Standard penetration testing and open-end drive sampling
were performed at selected interval's in the borings.

The results of the field investigation are presented in
Appendix A, which includes a brief description of drill-
ing and sampling equipment and procedures, a site plan
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4.2

Job No. E79-1033
show1ng borlng locations and logs of the test bor1ngs.'
The field investigation was supervised by staff engineer

Richard A. DeBoer of this firm.

Laboratory Anélysis

Moisture ccntent determinations were made on selected '
samples recovered, while dry densities were determined
for the 2.42 inch open-end drive samples. The results
of these tests are shown on the boring logs.

Grain-size anélysis, Atterberg Limits and consolidation
tests were performed on selected samples. The results
of these tests are given in Appendix B, along with a
brief description of consolidation testing procedures.

SITE CONDITIONS G.GEOTECHNICAL PROFILE

Site Conditions'

The area of proposed ponds consists of gently sloping
terrain, : with the vegetative cover consisting of a
moderate growth of grass and weeds. Low Tidges are
present to the northwest and southeast of the site.

Géotechnical Profile

The gebteéhnical profile beneath the site can be gener-
alized into a two strata system as follows:

(4]
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150 Acre Evaporation Ponds
Ambrosia Lake, New Mexico
SHB Job No. E79-1033

A.

Alluvial soils composed predominantly of high-

ly stratified deposits of mnonplastic silty
sands and sandy and silty clays of medium
plasticity. Lesser stratifications or lenses
of highly plastic clays and clayey sands are
present within these overburden soils.

The overburden soils are up to 58 feet or more
in depth over much of the site, but become

'shallow near the ridges to the northwest and

southeast. In the possible area of future
development to the south, the soils become as
shallow as 2 feet on the .slopes of the ridge.

The dry portions of the alluvium above the
water table were found to range from soft to
relatively firm. Some weak lime cementation
was present. The softer soils which were found

" to be quite "extensive would be substantially

weakened by moisture increases. Soils below
the water table were generally soft to moder-
ately firm or medium dense.

Sandstones and highly‘plastic clay-shales of -

the Mancos -Formation underlie the alluvial
overburden soils. .The upper few feet of these

" materials were generally weathered and rela-

tively soft from a geologic standpoint. The

rocks became less weathered and- moderately

hard with depth.

According to Santos and Thaden#*,. the Mancos
Formation is up to about 250 feet in thickness
in the general area of the project. The Mancos

-is underlain by the Dakotz Sandstone which is
- about 75 feet in thickness in the project area

.'*Santos,' E.S. and Thaden, R.E., "Geologic Map of
" Ambrosia Lake Quadrangle, McXinley County, New Mexico", USGS

Geologic Quad Map No. GQ-515, 1966.

i
P
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150 Acre Evaporation Ponds
Ambrosia Lake, New Mexico
SHB Job No. E79-1033

and rests on the Morrlson Formation. Suspected
north to northeast trending normal faults are
shown crossing the site _in the mapping by
Santos and Thaden. LT -

..4.3 Soil Moisture & Ground Water Conditions

"Free ground water 1is perched in . the overburden soils

over the Mancos Formation beneath much of the site. Free

" ground water was encountered in 14 of ‘the borings, with

the- saturated thlckness above the Mancos Formation beéing -
as much as 30. feet. Depth to ground water varied from
12 to 41 feet in the various borings. The perched water

is generally deepest in the westerly part of the site

and shallower to the east.

._8011 moisture contents in the ma erlals above the water
. table were found to be in the range of " the very low

values typlcal of the semi- ar1d region of the site ex-
'cept for the upper few feet. that had been wetted by
recent prec1p1tat10n. ; —

In the general area of the site, the Dakota Sandstone
and Westwater Canyon Member of the Morrison Formation
are considered to be aquifers which may yield substan-

© . tial water to wells. These aquifers are generally under

artesian conditions, and are separated from the shallow

. .perched water by the Mancos Formation which appears to

~ form-a completely impervious barrier.

" DISCUSSION § RECOMMENDATIONS
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*

5.1 Analysis of Results

9
d
iy . . A “substantial portion'.of the dry alluvium’ above the
j[}%_ . water table is relatively low in density.and moisture
. 'sensitive. Even coﬁsidering the relatively low embank-
[j._. . ments involved and the shallow depth of impounded water,
f = e it appears that large moisture increases in these soils
{: . would create embankment settlements up to 12 inches or
it @ore in some areas of the site. It .appears to be tech;
i’ _ nically feasible to utilize the medium plastic’ clays in
e , the'érEa'of'the site to line the ponds. However, mois-
" ture increases below the embankments could potentially
cause 1argé differential settlements and could produce
. - embankment cracking. An extensive drain of clean gran-
%{}; _ ular materials, in conjunction with a filter system,
3 . would be necessary to protect the-embankments against
(N ¢ - thiS‘possibility.. Considering the cost of draims, it
' o therefore.appears to be more practical to line the ponds
] with flexible membranes.which can withstand relativelf
.  large amounts of diffqrential movements. Recommendations
53; o for-a lined pond system are presented in the following
H
d

_sections of this report.

& j ) Minor leaks in the membrane lining wouid have the poten-

) ' . ‘tial- for creating'diffgrential settlement and possibly
ai . - embankment . cracking. To guard against the remote
' possibility of leakage and piping through cracks of this
type, the following provisions are incorporated into the

. .Lu"

recommendations.

oy

=
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Ambrosia Lake, New Mexico
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. ‘@\‘

Job No. E79-1033

A Cla&‘materials'should be placed in the center

of the embankménts; with the silty sand mate-

" rials being placed at the exterior. This will

both protect the clay core from shrinkage

" cracking due to drying and provide a more flex-

ible shell in the event of large differential
movements.

B.  All embankment materials should be compacted at
or above optimum moisture content to produce as
flexible embankments as possible.

C. .A certain amount of the soft soils immediately '
below the embankment should be subexcavated and
recompacted to minimize the potential for set-’

tlements.

‘It is understood that minor leakage of highly acidic

waste waters through the lining of the existing ponds
has reacted with the soils and created gas bubbles be-

-neath the lining. Damage to the lining has been created

5.2

by this phenomenon. This phenomencn may be the result
of a reaction with calcium carbonate within the soils.

Possible methods for minimizing the possibility of this

problem developing on the new ponds are discussed in

Section 5.4.

Recommended Embankment Section

The recommended embankment section and zoning are shown

‘|

)
s,
|
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~Ambrosia Lake, New Mexico

SHB Job No. E79-1033

in Figure 1, Appendix C. Upstream slope of embankments
should be no steeper than 3 horizontal to 1 vertical to

~ allow efficient placement of lining. Downstream slopes
. on the exterior ponds of no-stéeper than 2% horizontal
Based on pery conserva-
tive shear strength assumptions. "(0' = 259 C' = 300
psf) and the assumption of steady-state seepage through'
a leak in the embankment, a factor of safety of 2.1 is

- computed for this slope by methods publlshed by Hoek

and Bray#.

to 1 vertical are recommended.

The width of tops of embankments should be at least 12.0
feet and a mininum of 3.0 feet of
provided. '

As illustrated in Figure 1, the silty sand materials '~
should be placed in the shells of the.embankments, while
the 1nter10r portion should consist of medium plastic

clays.

5.3 Gradiﬁg Recommendations

'-*Hoek,-E.'and Bray, J.W., "Rock Slope Engineering", Revised

Second Edition, Institution 'of Mining and Metallurgy,

" London, 1977. . _ :

o

freeboard should be -



150 Acre Evaporation Ponds
Ambrosia Lake, New Mexico
SHB Job No. E79-1033

.5.3.1

Observations § Tests

The geotechnical engineer should act as the owner's
representative, should be the interpreter of the site

.graaing specifications and should make observations

and tests as considered necessary to judge the perfor-
mance'thereunder.'Duringzdike construction, continuous
observations and tests of grading operations should be
made by representatives of .the geotechnical engineer.
All tests should be performed in accordance with the

procedures set forth in Parts 14 and 19 of the 1978

. Book of ASTM Standards.

5.3.2

Clearing § Stripping

A1l vegetation and debris should .be removed from

: thrbughoutlthe site.  Stumps, matted roots and roots
. .larger. than "2 ‘inches in diameter -should be removed

- from within 6 inches of the surface of areas on which

5.3.3

fills are .to be constructed and subgrades. All soils

loosened and weakened by clearlng should be overexca- .

vated and removed.

Surface .Preparation

The upper 12 inches of existing native soils should be

subexcavated beneath the embankments.and the cut sur-

faces should then be inspected by a representative of
the geotechnical engineer. If any extremely soft zones

10
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150 Acre. Evaporation Ponds

~ Ambrosia Lake, New Mexico
" SHB Job No. E79- 1033'

are‘found; further subexcavation should be carried out
in the identified localized areas. The upper 6 inches

" of native soils beneath cut surfaces should then be
- scarified, brought to the optimum moisture content or

above and compacted to a minimum of 95 percent of max-
imum dry density as determined by ASTM D698,

The upper 6 inches of native soils beneath the pdnd

- subgrades (or beneath any fills in the pond floors)

‘should also be.scarified,'brought to the optimum mois-

ture content. or .above and compacted to at least 95

-percent of maximum dry den51ty as determ1ned by ASTM

D698

Embankments

Clay materials should be placed in the center of the
embankments to at least the extent shown on Figure 1.
Nonplastic silty sands should be placed and compacted

on the outer portions of the: embankments as illus-

trated in that Figure. It appears that all materials
excavated from the floors of the ponds, and from be-

"neath the -embankments, will be suitablé for use as

£ill. - It also appears that the relative proportion

" of the clays and nonplastic silty sands will be such

that sufficient material to meet the minimum core
requirements will be available, yet enough 511ty sand
will be present to construct relatlvely thick shells.
The suitability of the materlals for the various zones

11
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150 Acre Evaporation Ponds
Ambrosia Lake, New Mexico
SHB Job No. E79-1033

‘'should be determined by a representative of the geo-
"technical engineer in ‘the field. |

All embankmént materials should be compacted to a mini-
mum of 95 percent  of maximum dr} dehsity as determined
by ASTM D698. Moisture content during compaction should
‘be maintained at or above the optimum moisture content.

5.4 Membrane Lining Considerations

Requiremenfs for type of cover material and base should

be established by the supplier- of the materials based on
" their exact characteristics. ' '

Special care in sealing joints will be of particular
importance for this job due to the possibility of set-
tlements due to leakage and formation of azir bubbles. '

Providing a system for positive relief of air bubbles
‘beneath the membrane on the slopes appears to be a dif-
ficult problem, in that the permeability to air of even
ordinary granular. bases is relatively low. Open graded
permeable crushed rock base materials would be difficult
to place on the slopes and would be a poor working sur-
face. A grid of small perforated pipes extending to the
top of the dikes could be used. However,-it wéuld be
necessary to place the pipes on close centers to achieve
Tapid response to air bubbles over the entire bottom of

12
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" TEST DRILLING EQUIPMENT & PROC.EDURES

Drilling Equipment Truck-mounted CME-55 drill rigs powered

‘with 4 or 6 cylinder Ford industrial engines are used in ad-
vancing test borings. The 4 cylinder and 6 cylinder engines
- .are capable.of delivering about 4,350 and 6,500 foot/pounds

torque to the drill spindle, respectively. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000
pounds .downward force. Drilling through soil or softer rock

'is performed with 6 1/2 0.D., 3 1/4 I.D. hollow stem zuger or

4 1/2 inch continuous flight auger. Carbide insert teeth are
normally used on the auger bits so they can often penetrate
rock or very strongly cemented soils which require blasting
or very heavy equipment for excavation. Where refusal is
experienced in auger drilling, the holes are sometimes ad-

~vanced with tricone gear bits and NX rods using water or air

as a drilling fluid.

Sampling Procedures Dynamically driven tube samples are usu-
ally obtained at selected -intervals in the borings by the
ASTM D1586 procedure. In many cases, 2" 0.D., 1 3/8" I.D.
samplers are used to obtair the standard  penetration resis-
tance. "Undisturbed" samples of firmer soils are often

" obtained with 3" 0.D. samplers lined with 2.42" I.D. brass

rings.. The driving energy is generally recorded as the num-
ber of blows of a 140 pound 30 inch free £z11 drop hammer

required to advance the samplers in 6 inch increments. How-

ever, in stratified- soils, driving resistance is sometimes
recorded in 2 or 3 inch increments so. that soil changes and
the presence of scattered gravel or cemented layers can be

- readily detected and- the realistic penetration values

obtained for consideration:  in design. These values are

- expressed in blows per foot .on the logs. "Undisturbed"

sampling of softer soils is sometimes performed . with thin

.walled Shelby tubes (ASTM D1587). Where samples of rock are
-required, they are obtained by NX dizmond core drilling (ASTM

D2113). . Tube samples are labeled and placed in watertight

.containers to maintain field moisture contents for testing.

When necessary for testing, larger bulk samples are taken
from duger cuttings. o

Continuous Penetration Tests Continuous penetration tests

are performed by driving a 2' O.D. blunt nosed penetrometer
adjacent to or in the bottom of borings. The penetrometer is
attached to 1 5/8" 0.D. drill rods to provide clearance to

‘minimize side friction so that penetration values are as

nearly as possible a measure of end resistance. Penetration

" values are recorded as the number of blows of a 140 pound 30

inch . free £fall drop hammer required to =advance the
penetrometer in one foot increments or less.

Boring Records Drilling operations are directed by our field
engineer or geologist who examines soil recovery and prepares
boring logs. Soils are visually classified in accordance
with the Unified Soil Classification System (ASTM D2487) with
appropriate group symbols being shown on the logs.

MAUA I K L8 €8 arristadd Al b a2 s 1 aaiy
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UNIFIED SOIL CLASSIFICATION SYSTEM

Soils are visually classmed by the Unified Soil Classification system on the boring logs presented in this report,
Grain-size -analysis and Atterberg Limits Tests are often performed on selected samples to aid in classification.
The classification system is briefly outlined en this chart. For 2 more detailed description of the system, see *“The
Unified Soil Classification System® Corp of Engineess, US Army Technical Menorandum No. 3-357 {Revised April

1960} or ASTM Designation: D2487-66T,

MAJOR DIVISIONS ' TrveoL] ehouE TYPICAL NAMES -

o> . . GW | Well graded gravels, gravel-sand mixtures,

s{- CLEAN GRAVELS ; or sand-gravel-cobble mixtures,

L {Less than 5% passas No. 200 sieve) l J el -
3—05 . GP Poorly gra pd gravels, gravel.-t;and mix-
;‘ n'a tures, or sand-gravel-cobble mixtures.
<ol - -
== Limits plot befcw
O i GRAVELS WITH *A** line & hatched zone 4 OIV‘ GM |[Silty gravels, gravel-sand-siit mixtures.

»® € FINES on plasticity chart

g_':u. {More than 12% Limits plot above V . ) .

e pessas No. 200 sieve] | “*A** fine & hatched zone GC |Clayey gravels, gravel-sand-clay mixtures,
-~ on plasticity chart - J . .

— © Cod :
c® . .
w2 . Fﬂ Coo :
ie CLEAN SANDS ° - . o SYW | Well graded sands, gravelly sands.
ce p oo -
b {Less than 5% passes No. 200 seive) o ¢ o 8 &
"’;5 ®es el SP Poorly graded sands, gravelly sands.,
gs : . . [
Scw . Limits plot belew °lol®
gs SANDS WITH A line & hatched zone Llof lol) SM |Silty sands, sand-silt mixtures.
=2 . FINES on plasticity chart °lole . .
[ -3 .
52 (More than 12% passes Limits plot above . co’ £/ . :
£y No. 200 sieve) *A” line & hatchedzone }o/%0%4 SC |Clayey sands, sand-clay mixtures,
] . on plasticity chart ST . .

NOTE: Coarse grained soils with between 5% & 12% passing the No. 200 sieve and fine
plotting in the hatched zone on the plasticity chart 1o have double symbol.

5 §§ SILTS OF LOW PLASTICITY il ] N lnoréfan_ic silts, clayey silts with slight
v | ::5;:" {Liquid Limit Less Than 50) | ML |[plasticity. . ] -
=8 b 0™ a
- =

23 |55 SILTS OF HIGH PLASTICITY 1y |Inorganic silts, micaseous o diatoma-
g :'.'-: .i-‘ 3¢ {Liquid Limit More Than 50) MH ]ceous silty soils. elastic silts.
=& . —
ZES 3 a Inorganic clays of low 10 medium plas-
= x" g«é; CLAY,S Of LOW PLASTICITY cL ticity, gravelly clays, sandy clays, silty
gxg g s¥§: {Liquid Limit Less Than 50): 2 ) clays, lean clays.
=0 < :.cs:
=2 o :’<§§ CLAYS OF HIGH PLASTICITY . |inorgenic clays of high plasticity, fa

i 3c {Liquid Limit More Than S0) CH clays. sandy clays of high plasticity.

- )

grained soils with limits

PLASTICITY INDEX'

PLASTICITY CHART

.
(=]

\

CH

2
,

LINE

(A g
O
3

c / MH

CL-ML——7 //'
L~

L\\\\\}\g\}\é’ ML

0 .
0 110 20 30 40 550 60 70 EO S0 100
LIQUID LIMIT

[
o
D

-
(=]

- DEFINITIONS OF SOIL FRACTIONS

. SOIL COMPONENT

PARTICLE SIZE RANGE

Cobbles
Gravel
Coarse gravel
Fine gravel
Sand
Coarss
© Medium
Fine .
Fines (silt or clay)

Above 3 in.

3 in. to No. 4 sievs
3in.to X ina

% in. 1o No, 4 sieve
No. 4 to No. 200
No. 4 to No. 10

Neo. 10 to No. 40
No, 40 1o No. 200
Below No. 200 sieve

A-2
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TERMINOLOGY. USED TO DESCRIBE THE RELATIVE DENSITY,
CYOR FIRMNESS OF S .

T OILS —

The terminology.used on the boéring logs to describe the
~relative ‘density, consistency or firmness of soils relative
to the standard penetration resistance is presented below.
The standard penetration resistance (N) in blows per foot is
obtained by the ASTM D1586 procedure using 2" 0.D., 1 3/8"

"I.D. samplers.

1.

Relative Density. Terms for description of relative "

density of cohesionless, uncemented sands and sand-
gravel mixtures.

N = ' Relative Density

0-4 " Very loose
5-10 . Loose
- 11-30 . " Medium dense
©31-50- - Dense -
50+ : Very dense

" Relative Coﬁsisteq_z.' Terms for description of clays

which are saturated or near saturation.

N Relative Consistency . Remarks

0-2 Very soft . Easily penetrated - sev-

. ‘ ' ~ eral inches with fist.
3-4 " Soft Easily penetrated sev-

RN T o . eral inches with thumb.
5-8 - Medium stiff - Can - be penetrated sev-
o eral inches with thumb

. e with moderate effort.
9-15 " Stiff. : Readily indented with,
o ‘thumb, - but penetrated

S , -only with great effort.
16-30 Very stiff Readily indented .with

' T thumbnail.

Indented only with dif-

30+ o Hard
. . ficulty by thumbnail.

Relative Firmness. Terms for -description of partially
saturated and/or cemented soils which commonly occur in
the Southwest including clays, cemented granular mate-
risls, silts and silty and clayey granular soils. :

- N - Relative Firmness .
U-4 " Very soft

5-8 Soft

9-15 Moderately firm
16-30 . . Firm B
31-50 . Very firm

50+ , ‘ * Hard

A-3
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" WEATHERING

- FRACTURING

_ STRATIFICATION

Descriptive
Term

. VERY
; . WEATHERED

General

MODERATELY -
WEATHERED .

. SLIGHTLY
WEATHERED

RRESH

INTENSELY FRACTURED -
VERY FRACTURED
_ MODERATELY FRACTURED
. - SLIGHTLY FRACTURED

SOLID

THINLY LAMINATED

LAMINATED

THINLY BEDDED

THICKLY BEDDED.

. SOFT. .

MODERATELY
HARD

HARDNESS HARD

VERY HARD

" VERY THINLY BEDDED .

' - TERMINOLOGY FOR' THE DESCRIPTIOﬂ OF ROCK

Visual or Physical Properties =

Abundant fractures coated with .
oxides, carbonates, sulfates, mud,
etc., thorough discoloration, rock
disintegration, mineral decomp051-
tion

- Some fracture coating, moderate or

localized discoloration, little to
no effect on cementation, slight
mineral decomposition :

A few stained fractures, .slight dis-

"coloration, little to no effect on,

cementation, no mineral -decomposition

. Unaffected by weathéring agents, no |

appreciable change with depth

less than 1" spacing
1" to 6" spacing

6" to.12" spacing -

12" to 36" spacing
36"'spacing or greater

less than 1/10"

1/10” to 1/2%
172" to 27

2" to 2 feet =
“more ‘than 2 feet

Can’ be dug by hand and crushed by
fingers .

Friable, can be gouged deeply w1th
knife and will crumble readily under
light hammer blows .
Xnife scratch leaves dust trace, will
withstand a few hammer blows before
breaking

Scratched with knife with difficulty,
difficult to break with hammer blows

|
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ﬂl PROJECT.L50 Acre Evaporation Ponds - LOG OF TEST BORING NO,_1

' JOBNO.EZ9-1033 DATE_2/27/79 ) :
' ' ] 5 - RIC TYPE CME-75
ol _ - 5§ = | 3z < | BORING TYPE 63" Hollow Stem Aucer
;o3 2 ] ase 225 25 | 83 =< | SURFACE ELEV. 6879+ I
. 28| < Sl sg=| S8 | Ue 33 - =
: ( - -5 O ool 8] S5 | 2% 2= | DATUM MST.
C £=% = sj=| =85 oo 2 ]
? £ E-:. ‘ég E g éc; b":. .Et; :='§ REMARKS VISUAL CLASSIF
il g |Ceaz| 3 |4]l|aX=2]| a2 o =13] ICATICN

loose to . :| SILTY SAND, predomi-
medium dense | nantly fine, trace

gravel, nonplastic to
low plasticity, light

|
(=
n"’QQQ\UP
ose
aNN\s
T
K2
-
& N
-
[

°:°°:°
R
N\ o\
w
€
]

g 5 : 21 brOWn
" § . 4
it / SC=
: %% SM
-} 1o /," 5117 E
: .o - feqe
?§.- ' /;ﬁ?
: = * Ocaa.
= 242 -
é .15 % ST Z4 6
YA .
e ‘3 9,
x 54
‘ 20 % —
7 S| 27 18 . . . .
-~ firm - | SIETY CLAY, medium
? . . - — .t plasticity, greenish-
. / o brown
57 i GL— : '
| 25— % 5729 18 |
| E |30 / X S| 14 6 ' .
:g ' 2lof?- | very loose | SILTY SAND, predomi-
% ) o|°le to-medium nantly fine, angular,
: . o’lo dense nonplastic, brown -
. -] L]
4 .~ s 3 [} : ] :
E ) o S AV 24
b 2l
= ofsle = SM
40 2l DRET I8 '
N i
-] ° o
: R
H | PN 17
I'4 : ° :
- afelo
= s otls 51 16 I3 |
GROUND WATER SAMPLE' TYPE
g» R OEZTH HSUR CATE A = Auger cuftings. B — Block sample NTH
‘ 41' | 11 am  2/27] S -2"0.0.1,38" I.D. tube sampla. —_—
U -3 0.0. 2.42*° 'O,D- tube sample, — PuOCRIT o TUCICS & aLsVOULIQUL 5 fb rrr
T = 3" 0.C. thin-walled Shelby tuba. : { b




: L Page 2 of 2

ﬂ pRoJECT 150 Acre Evacoratlon Ponds LOG OF TEST BOPING NO.
iR yopN0.EZ9-1033 pATE_2/27/79 - .
P . = | RIG TYPE CME-75 -
E - =1 g = | 52 . | BoRING TYPE 6%" Hollaw Srem Auger
N 5 I gl25 ) 25 | 85 | 35 | surraceELEv._ 6879+
A/ U s esEl s Rl el 5] s | 28 | oatum ' MSL, -
o | = | E23 2 |2ls| €5 e8| 26 | 2% ~
" g Ens.é 55 V'Eb v'E: 5?.3 gé g.f §5 REMARKS - i YISUAL CLASSIFICATION
i, s n
N I el (XU T 1 I
ﬁ . A | Stopped auger at 49%’'
P Stopped sampler at 51°
.| *
BN .
60}
)
L GROUND WATER SAMPLE TYPE
. OEPTH HOUR CATE .A - Avger cuttings. B ~ Block sample Tt
417 |11 am| 2/27 S — 2°° 0.0, 1.38"* 1.0, tube sample.
U -3 0.0, 2.42'° I.D. tube “"‘P"- — FPROTHIS ¢ TUCEO® » ALOLOULOUT_* Cin r-::
T e AN thinewallad Shalbe tube. . ¢ -
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'P.ROJ.EEZT 150 Acre Evaporation Ponds

LOG OF T_ES? BORING NO._2

none

T = 3'° D.D. thin-walled Shelby tube.

t

S =2° 0.0. 138" 1D, tube sample. —
U - 3% 0.D. 2.42° 1.D, tube sompla, =)

, JoB NO.E79-1033 pATE_2/27/79 o .o
, s RIG TYPE -CME-75

i; ! _ _'E: o Ez. . BORING TYPE 635” Hollow Stem Auger

R &1 P X - -:.:._E Y 53, == | SURFACE ELEV. 878+ :
N/ e |35El Rl Ese b Tl e | 22 | patus MST, —

G ] 2 (233 2. |E|E] 2z 83| 29 | 2 -

fj s ] 55 HHESA RS CR N REMARKS VISUAL CLASSIFICATION

i 0 = . . :
L 7 |sd 20 1 firm to SANDY CLAY, medium to
’;.1:5 - / very firm high plasticity, light
i / . brown Yy

o —

17 5 / 5132 )

el 3 /

B 10 % 5132 12

: j/

| X ' ] '

g3 ] 1S ; / 5[ Z9 3

¢ ey .

: : /

H | C / .

: 201 4/

F 1 / S| 33 16

e i :

! . 5% : Co
1 25 /:O:c 5 medium dense | CLAYEY SAND, .predomi- °
E . Yo IS | 16 4 nantly fine, trace gra-
i o%ls vel, angular,—-low plas-
:aﬂ, SC ticity, light brown

'g AL ' .

. 7, ao R_A4

: 30 // S IT 77

g Stopped auger at 29%'
C Stopped szmpler at 31°'
B | 3

!

S GROUND WATER . SAMPLE TYPE B
5 BEPTH HOUR CATE A « Auger cuftings. B — Block somple TH

.

CONUALTIRG BOW. and F OUNOLTION ENatwELTS

PEOCNIS » TUCSOm « AL-vov:-Agu( 8(!. rase
P >%ad
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g PROJECT 150 A("_TP Ey;:nnrnf-'l en’ Ponds LOG OF TEST BORING RO. 3
JOBNO.E79-1033 DATE_2/27/79 . S —
. . _5 RIG'TYPE CME-=75 )
&l - < SE = | §=]. . | BORING TYPE 6%" Hollow Stem Auger
ol d ] s, 2205 22 | &3 | 52 | surraceelev._ 6878+
Tl = | EEEL R |Lqn) i Br ] gz | 5S | oaTu K51
e AP P R A Il -
T S lésd] 85 15181353 &3 | 38 | 58 REMARKS _ VISUAL CLASSIFICATION
0 o[®le : ’ .
r.a.‘ ofoo loose to SILTY SAND, predomi-
=K :a : medium dense nantly flne anculnr
. : o S+—10 —2- . : nonplastic, llaht brow
o} {e . . -
T offa S|
. ° ofofe AIS] 14 2
© : o [
3 °/.. o ~
/ ] 4 —| moderately - SILTY CLAY, medium pla:
10 / S| 14 g firm to firm | ticity, light brown
3 / “
TS i :
T 15 : % S| 26 11
o 17
o // — very firm CLAY, trace sand, high
. 20 sl %6 18 p}asticity, brown
g / » — S _
‘g 25 /4 > :
L /c I3 ———20 o nedium dense | CLAYEY SAND, predomi-
) ‘Lag"’ nantly fine to medium,
} g V angular, low plast:.c:.tu
F / i brown .
3,_;, 30 / S 9 31 noderately SILTY CLAY, medium plas
. fﬁ firm ticity, dark brown
- Stopped auger at 25%'
. g 35 Stopped sampler at 31'
-
¥
-. 5 ‘ »
s
i
- - GROUND WATER SAMPLE TYPE
§~ o QEPTH HOUR CATE A — Auger cuttings. 8 - Black sam; CIONTT:
: none $ -2 0.D. 1.38*" 1.0, tube somple.
U w3 0.D. 2.42°° 1.D. tvbe sample, —= ntmiie TUCEON ¢ Aklulu‘lcvl..(‘l.-l“‘.-‘
T — 3 O.5. thin-walled Shelby tube. 1 A-9
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! PROJECT 150 Acre Fvannr::rnnn Pnnds . : . LOG OF TEST BCRING NO._
JOBNO.E79-10 DATE_2/27/79 ' )

(G
TR T R RIG TYPE " __CME-75 _
f _ s ;E P 5z . BORING TYPE ~_ 6%'" Hollow Stem Aucer
B LW I P gl 5| 25 [ &5 | 32 | surFaceeLev.__ 6871+
o =238 3 Rl i EL ] ew | 92 | patum_ MSL,
LA, S 1883 | &5 |5|5|885) 83 | 28 | 36 REMARKS - © VISUAL CLASSIFICATION
Q S ;

- 7 Soft . | SILTY CLAY, some sand
ﬁ . / medium plasticity,
e / Xls 17 9 green-brown
ﬁ,ﬁ 3 % S| 11 20

2 % CL-

Eg 10 % S| 7 17

" 15 7 S| 9 26 - '

SR . moderately SILTY CLAY, trace sand
by / CL. | firm .medium plastlc:.ty, dar
f / ‘ ) brown

L v 35

|20 2lefe |XIS] 13 5 ' L
!”? il : o{2fo medium dense | SILTY SAND, predomi-
S lola to loose nantly fine, angular,
1 of2le J - S| " | nonplastic to low plc.s
E . 2lel? =4 . . ticity, brown
; | 25 el IRIST 7

| Stopped zuger at 24%'
E : Stopped sampler at 26'

' 30
&

.

|

g
i
I,
| ' GROUND WATER ' . SAMPLE TYPE B

' 4 e OEPTH HOUR OATE A = Auger cuttings, B - Black semple i
: none S = 2°0.D.1.38" L.D. tube sompla. —

U - 3 0.D. 2.42*° 1.D. tube IGMP‘.n iy —— e OKIE  TWCEO® » AL PUGULPOUT » L PR3O
T = 3' 0.D. thin-walled Shelty tube. t A-1
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" .PROJECT_150 Acre Evapo

>

ration Ponds

LOG GF TEST BEORIKNG MO._s5

)

|

none

A = Auger cuttings.
S -2 0.D. 1.33°" 1.D. tube samplas

U = 3" 0.D. 2.42°° 1.D, tube sample.
. T3 0.0. thin-walled Sh."}y tube.

“4  JoBNO.E79-1033 DATE_2/27/79 _
. R RIG TYPE CME-75 :
f;t - _ o 3-55 = _ig c BORING TYPE 6%'" Hollow Stem Auger
L F !_ ‘TR 212 5] 25 4-85 | =% | SURFACE ELEV. - 6870+
;! £ §'—§§ E o E8e ) Ee £ =2 | bATUM MST. —
e SO HE N HHEEI R A - -
. ., ;- 3 Jc:t; ] Slelas== 83 z’i SG REMARKS VISUAL C.LASSIFICATION
' 0 elel™ ' :

ﬁ; ' ° o : —e moderately CLAYEY SAND, predomi-
P ol K13 P ac | firm nantly fine, low plas-
;. oLl C— ticity, light brown
S 5 / S| 18 14 moderately SILTY CLAY, medium pla:
i F //  { CL | firm . ticity, .dark brown
{gi ollle )

i - | 10 °lef® medium dense | SILTY SAND, predomi-

i ool S| 13 -3 . nantly fine, angulsr, .
gﬂ : alofe [ SM nonplastic,; light browr
. . a o |

; . ‘]%o ‘ .
gy A T loose CLAYEY SAND, predomi-
E .-15 ,% S B 77 . nantly fine, low plas-
i AN ticity, brown .
;ﬁ ' % SC note: some thin lenses
&) e (3-4"+) of medium plas-
‘ 20 "ao%", ST 13 30 ticity clay
if - . >

\\/;3 ' Stopped auger at 19%°

Stopped sampler at 21’

B | 25 o
|
NE

H |35

!

4

R —

'a . - ‘GROUND WATER SAMPLE TTPE

DEPTH HOUR CATE 8 _ Block ""‘P"

!
|
|
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§ 'PROJECT.L50 Acre Evaporation Ponds : LOG OF TEST EORING NO._A6
' JoBNO.E79-1033 DATE_2/27/79 - : : :
: _ = RIG TYPE_ CME-75 :
. ) _ . EE P gé. . | somnG TYPE__- 6%" Hollow Stem Auger
i Sl.c. g5 25 | &< | 2% | surraceeLev.__ 6871+
e | 83 3 AR ERS F2 ] sz ] 22 | patum MST,
£ [ £3z| %, |35 25| ¢339 | 23
‘S EEE) &5 |alslds3 &5 ) 28] 55 REMARKS . VISUAL CLASSIFICATION
0 L] 1°J . N
::: ] medium dense | SILTY SAND, predomi-
ofo]o 3 7 1 mantly fine, angular,
ofofe & 14 - . nonplastic to low plas-
: . °loi® : t:Lc:Lty, brown

[ﬁ 5 Jole PRST57951—5

A ofclo . note: some thin (3- 4")

i - *a|2 lenses medium plas t.‘L—
i ::; city clay
= 2fels T

10 of2| X[S1 12 12
A . -] o -]
15 . [ -]
. E o : °
: L] -3
A o)%lo

. olele
| 2efe XS] 9 22
... ’ o e [ ]

: 0]%o
L - T, stiff SANDY CL@.Y, trace._gra-'
i 20 / s| o9 29 . vel, medium plasticity,
TEs =S | dark brown
.o__.i.. -

. Stopped auger at 19%"
e Stopped sampler at 21°
% .1 23 -
=

30 - .
2 !
&
" ray GROUND WATER SANPLE TYPE
" DEPTH HOUR DATE A = Auger cuttings, B - Block s;mpla . H
. none $ ~ 2°° O.D. 1.38°° 1.0, tube sample. -
U =3 0.D. 242" 1D, tube 3amgpla.

T = 3" O.0. thin-wclled Shelby tube. .

—— e
.



- . .

| Iﬁ PROJECT.LSO Acre FEvanoration Pdnds " LOG GF TEST EORING MO._7

B4 JoBNO.E79-1033 DATE_2/27/79 o . . T
| . r RIG.TYPE CME-75
g{% - :SE = | 52 . | sorinG TYPE____. 6%" Hollow Stem Auger

AR " Sl I P glerE 25 | 85 | =2 | suRFACEELEV.____KR7S5+
R - I T T I 23 381 5s | 32| patum MSI._—
L = S5z = [S(S|sE5 S| &6 | 2% F :
‘é S 1882 &5 gl5|2s3] 24 35| 55 REMARKS - VISUAL CLASSIFICATION
. 0 ' : : :

| 7 slightly SANDY CLAY, medium

Eﬂ //// ST 5% CH | moist : plasticity, ‘dark brown

| 41_& .' | very firm . o
- ° - T? - B
dgﬂ.ﬂ[,s olels Sy 12 | - . , . slightly SILTY SAND, predomi-
: o]2lo moist nantly fine, very low
' olef2 . plasticity, brown
{Ef olole SM_| medium dense
| o]®lo i
10 elle NS 12 [ - | 10-
. 1 . : c : .
1E et
1. - olal® 15 dr SILTY SAND, predomi-
ég} 15 ::g \13 3 1. : SM 7 | nantly fine, angular,
i ol 1e i loose nonplastic to low plas:
77 ticity, brown
ﬁ / ’ - o Vvery moist SANDY CLAY, medium pla:
) 20 /Cé S 9 moderately thltff brown :

] Tirm

- Stopped auger at 19%°
- Stopped sampler at 21°'

= C
i,

25

i

30

"
b B

e S T

7|

(

i

Py GROUND WATER  SAMPLE TYPE

%3 DEFTH HOUR DATE A = Auger cuftings. 8 — Block sample

{ none | - 5 — 2" 0.D. 1.38'° I.D. tube scmple. - -
i U = 3" 0.D. 2.42' 1.0, tube semple. &_ B otmin 2 Yotion s alatavt sove o e euss
i h g 2 AN hle seallad Chalbes solhin Fy -~



>

i[}! ‘prosECT 150 £cre Fvaporarion Ponds
; L]

JOBNO.E79-1033 DATE_2/28/79

'LOG OF TEST BORING HO._g |

T =3 N0 thinewalled Shalav tuba,

Lo . 5 RIG TYPE CHME-75
- [-—gs - . - H E’ « 55 . | BORING TYPE 6%'" Hollow Stem Aupger
; S B cel - g -:g; 2: | &3 =% | surFaceELEV. 16875+
1 ( c | 8355 FLERS L B8] sz | 32 ] oatumc MSL
v = ES3 2 |55 £S5 88 | 36 | 23
TL ' Sl E52| S5 lslalas5) &3 | 38 | 38 REMARKS VISUAL CLASSIFICATION
i 0 T . . o .
L - .
11 . 2 /; slightly SANDY CLAY, medium
A e £l moist plasticity, brown
i °lefs moderately . ' )
A of*le KA firm
4 ? offie AN sl 15 - s
i 1 2lels. dry .SILTY SAND, predomi-
1. o[ e : : . | nantly fine, nonplastic
L ofof2 __SM | medium dense | to low plasticity,
N 10 ol°le =4 ) light brown
[ of|o RIS 13 .
3 E! . °laf® -
hatl ocls
: ! ) | | :;L o
{E: 15 //, GBI fmo—TEC 5 very moist SILTY CLAY, medium plas
B . ticity, brown :
[ soft to -
Eﬁ / very soft
' 7 S
| ] 20 % ) 35
iTE: -
Eﬂ 25 é S| 14 31
, Stopped auger at 24%'
! ' Stopped sampler at 26°'
| ' 30
. i ! X
.g’ .
i
} . .
g
li
4
| ; .
(s
8
ey, L GROUND WATER . SAMPLE TYPE
'u - OEPTH HOUR DATE A = Auger cumtings. B ~ Block somple 7d
o none § —2°° 0.D. 1.33° 1.D. tube sample. —_
i U = 3 0.D. 2.42°° 1D, rube sompla. :
i



[j PROJECT 150 Acre FEvanaration Ponds LOG OF TEST BORING NO. - 9
JoB NO.E79-1033 DATE_2/28/79 : B . :
' s RIG TYPE CME-75 - -
) e = - (X -
G - - g < | &2 . | sorinG TYPE 6%" Hollow Stem Auge
~1 & a5 £l2cs| 25 | 85 | 5= | SurFace ELEV. h875% .
A G I S X N - Jdntiine ) s 2s 5= | DATUM MSIL,
s g e | €3z 2, [E]E| 385 83 29 | 2% .
lj S N RO R B B Sl B T R T REMARKS VISUAL CLASSIFICATION ‘
‘ 0 7 :
/A Jsi 13 14 | CL moderately SILTY CLAY, medium plas-
[g %5 firm - -ticity, dark brown
°aoa°o A g 14 [ -
7% medium dense | SILTY SAND, some clay, -
{ 5 %/l 7 SC to loose predominantly fine,
: I o S 24 nonplastic to low plas-
) 0ol - ticity, light brown
[g. L
' '._' 7/ - : soft to SILTY CLAY, medium
10 / S| 6 1% moderately plasticity, brown
X ' % CL
15 % S Ay )
I % 13 30 ‘
i T . ,
E ol ]° = SM loose SILTY SAND, predomi-
e 25 MRS E Z3 - nantly fine, angular,
- nonplastic to low plas-
E ticity, browm
o Stopped. auger at 24%'
- 30 Stopped sampler zt 26'
(5]
£
e I GROUND WATER SAMPLE TYPE
"E ’ DEPTH noun DATE A = Auger cultings. B ~ Block l;mplo
. none § -2 0.0, 1.38" LD, tube sample. -
' U= 3" 0., 2.42° LD, tube sample.
T = 3" O.D. thin-walled Skelby tube.




.

-+ 'PROJECT.LSO Acre Fyaporation Ponds " Loc e RING RO,
{_: J08 NO.E79-1033 DATE 2/28/79 - _ >G OF TEST F‘ONRG h. T
. . i RIG TYPE CME-75 '
3 . géé s | 22 ¢ | BORING TYPE 6% Hollow Stem Aucer
( . IL.. ;E . _ * E :é-g T::é "3-5 :.;’i SURFACE ELEY, 68804—
: N £ {8385 3 el 28] B £ = DATUM ' MS1, T
BB HEEIE I
| LE S |SSe | 635 |8ls]|e== | 83 | 22 | SO REMARKS ©© . VISUAL CLASSIFICATION
‘ 5 ——
b‘g - /% SN moist to dry [ SILTY CLAY, low plas-
ticity, light brown
. — /J 5|14 moderately g E
I3 /1;7 firm
3 5 / S| 12
S /
7
10 /
-7 : /C‘ :
H | B % S| 15
J ; . %
L e 7/ -
1 ‘g* / - moist : SANDY CLAY, medium-hig!
o S / plasticity, dark brown
/ . moderately ) ' .
= 25 . / —] o7 firm to firm
E % s| 16
g | =%
: CIME
- olole B4 . )
2 30 ofcle S 3 ¥no recovery) very wmoist SILTY SAND, predomi-
g elofe | . . ) nantly fine, angular,
_ o[l SsM | very loose nonplastic, brown
: i 10 to loose )
-] ° -] -
JE 135 lef®
E . b (] ° A s 6 >
te Stopped auger at 34%'
. g . 0 Stopped sampler at '*6'
- 40— : ' : _ .
L
5_4'
A : _
ey L GROUND WATER SAMPLE TYPE :
: S DEPTH HOUR CATE - A = Auger cuftings, B — Block sample H
. . none S -2 0.D. 1.33" L.D. tvbe sompla. -
U - 3" 0.0. 2.42° 1.D. tube sample. X 4 P E—ry— ‘"".w"“ e
T~ 3% 0.0. thin-walled Shelby tube, 1 =14




C

C

3

- '. <. . ’ . "
&1 proJECT_ 150 Acre Evaporation Ponds LOG OF TEST CORING &
e (G LRy BT ThE = - 7 PEERIRE HoL

ot . _s RIG TYPE a4 -
F.{ - i = |22 . | BORING TYPE 63" Hollow Stem Auger
: ﬁf'_ T sl22 8] 25 | 85 | 55 | surraceELev.___.6882% .
(Ve 8353 L5 E%e ) E5.| 33 | 32 | oamw ML
R IS TN P I Bl I e T .
[_g A lése] &5 lalsl253] 35 | 22 | 3G REMARKS : YISUAL CLASSIFICATION
T IND q 192 - : - . . .
olefs A moist to dry SILTY SAND, ‘predomi-
@ oo LISY nantly fine, angular,
) ofolo XIS 12 medium dense | nonplastic, light brown
5 of2le X157 38 ot
L o2 dry . SILTY SAND, predomi-
< o[°]a. SM . nantly fine, low plas-
r{, :: . .loose ticity, light brown
d‘ ol to . *
[~} o N
10 IME g . dry SILTY SAND, predomi-
% olels . .nantly fine, angular,
14 of’le loose to nonplastic, light btrown
. olo|8 medium dense ' ..
. Q
S o [}
[ﬁ 15 of2le DRIST IZ
. o fa
. : o : o SM
ﬁ'z o : °
L% ofefe A5 17
ﬂ‘." sl fe
-} o o .
55 °lof® on—] moist . SILTY SAND, predomi-
A 25 o|%lo S| 16 sc_| . nantly fine, trace clay,
alole = nedium dense | low plastici b
2lelo . : , plasticity, brown
. el '
% o : °
- 1 eifle k=
. 305 {AIST 15 | |_sM ) _
L E moist SILTY SAND, predcmi-
: : nantly f£ine, angular,
i medium dense | nonplastic to very, low
E 35 : plasticity, brown
' Stopped auger at 29%’
g : Stopped sampler at 31'
' 40
E
~
ny — ~*  GROUND WATER SAMPLE TYPE .
X, . DEPTH HOUR OATE A = Avger cultings. B .~ Block somple }
none $ = 2°° 0.0. 1.33"° 1.D. tube 10mple. -
U = 3 0.D. 2.42 1D, tube sample, N LY R TR TR TR S
T - 3 O.D. thin-walled Shelby tuta.  ° 1 A-1T

|




f J08 NO..E79-1033 DATE. 2/28/79 .
o . 3 RIG TYPE CME-75
.1 _ . 8 g s | 3z . | BORING TYPE 6%" Hollow Stem Aucer
R & | -5 g8 25 | 8 §=: SURFACE ELEV. 6RR0+
i v = | 238 3 ol S ez 22 1 paTuM ) MST,
N/ :1;{ | 252 2 [af8]sE8| 48 (.28 | 3=
_B s 35_‘5 55 S k: 283 | 24 33 =3 REMARKS YISUAL CLASSIFICATION
: 0 ’s X .
- 71 XIsl s slightly SANDY CLAY, medium pla
[ / CL_| moist ticity, dark brown
! - _‘S q .
// ’ . soft to mod-
:g s 7/ Y erately firm
ad Sl 20 Q
e & : / . dry .SILTY CLAY, medium pla
by ticity, light brown
: ﬁ / moderately - .
e 7 : firm to firm
N / S| 10 : -
3 / —
ﬁ 15 % S| LU
.- : / 1 cL.
. M / 7 .
- 20 / JS| & .
-4 25 / P EIE
P olaf? slightly SILTY SAND, predomi-
g ol®le moist to nantly fine, angular,-
i : elal° (5 very moist nonplastic to very low
o 30 olele s{ 7 plasticity, browa
g “ol°lo sy} medium dense
' ° of° to very loose
1 Q .
' - ololo
j B | % sels X5
g Stopped auger at 34%'
| = Stopped sampler at 36'
40 :
.ﬁ :
‘\T/__ :
I G . GROUND WATER ' SAMPLE TYPE
,. g DEPTH HOUR DATE A-Aug;lcuﬂingn. B - Block sample NITH
! none S = 2" 0.D. 1.38" LD, tube sample. —
| . U =3 0.D. 2.42°* 1.D. tube sample. — CmileSivie T e
! —_— T = 3" 0.0. thin-walled Shelby tube, A._1 8 -
!

[0

>

" PROJECTL50 Acre Evaporztion Ponds

"LOG OF TEST CORING NO._71'

F
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"PROJECT 150 Acre Evaporation Ponds 1OG OF TEST BORING NO._13

JosN0.E79-3033 pATE_2/28/79 - .
: L 5 RIG TYPE CME-75
) 3_55 < | iz . | BoRmG TYPE 6%" Hollow Stem Auger
£l sse 22| 25 | 85 | 3% | SURFACEELEV. 6883+
= 1835 2 |L]Nl e Es | 13 | 35 | oatuM MSL
£ (552 ] 5. |§(E] 23] 25 (29 | = -
SlESs g3 |55y ess &2 | 28 | 55 REMARKS VISUAL CLASSIFICATION
0 7 I .
/ sl 18 moist SILTY CLAY, medium
//, CL firm plasticity, dark brown
o|ofo — dry SILTY SAND, predomi-
5 olef® X513 : nantly fine, angular,
T= . o%lo - — medium dense | nonplastic, light brown
ola|® SM— to very loose .
ol |
10 ol RIs=
of°ls
ey — -
dry SILTY CLAY, low plas-
/ CL ticity, dark brown
15 % S| 25 - firm . i
::: . - dry, becoming| SILTY SAND, predomi- !
20 RN S| 19 very moist nantly. fine, angular,
olel? above the nonplastic, light brown
olals = water table‘ note: some clay strati-~
) el = : medium dense | freation
5 of-|e sl 15
of |o
—] of5lo
of*]a
e ° [-]
olole K_7
30 olels NS 18
NNE )
°l.I° ;
= of2fe |
°lei2 S| 110
35 14
' ) Auger refused at 34'
Sampler refused at 35'
40
i
DEP;ROU::U‘:ATERDATE ’ A SAMPLE' TYFE : |
- Augar cuttings. - Black sample
33| € pm| 2/438 :-;"ao.o. 1280 I.D.Blub-eum!;lu. 4 -
U = 3' 0.D. 2.42" I.D. tube sampla. \ et 3 0 rave
T = 3 0.D. thin-walled Shaiby tube, - B T A_10
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beel, i
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C

Thy

Q'

e

Lol

oyt -
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i ree e nes

Y
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g

Yl

T,

[N

'.PROJE'CT_DD Acre Exzporation Pands - } LOG OF TEST BOE"NG O __J_
JosN0.E79-1033 paTe_3/1/79

(
kAL

) s RIG TYPE ___ar-75
- . gg < | 2z . | BORING TYPE 6%" Hollow Stem Anger
R 828 25 | &5 | =2 | surFaceelev.___ 6285+
= | 235 NP ESe ] B ) sz | 28 1 patum MST___
= | £33 2 [E|5|325 ] 82 | 26 | 2%
2 55‘5 g_’i‘ HEEE S 33 1 352 REMARKS VISUAL CLASSIFICATION
0 o ° 0- °
oele Sp 17 slightly SILTY. SAND, predomi-
—— ofgfo moist to dry | nantly fine, angular,
lele 15 S+13 : : nonplastic to low plas
s N medium dense | ticity, light brown
‘ o°s NS 15 ] - '
o|%fo ~ SM
o o o . .
o|°ls
(-] ° : z
10 elole IAIS] 15
oo
(-] o -]
-] e
M =) o -]
15 71K s
S| 7 slightly SILTY CLAY, low plas-.
moist ticity,. dark greenn.sh—
| yy brown .
/ s soft -
7
25 — very moist .| SILTY CLAY, medium to
' /Z‘ Sl 16 - . high plasticity, brown
firm ' T
/ cH
AL
—_—"_——d'g' CI . ¥ .
30 e e il i SHALE, very weathered,
e— moderately fractured,
—] thinly bedded, soft £o
—] ) . moderately hard, brown
35 ————>4-8134h
Stopped auger at 34%’
'Sampler refused at 35
40 '
_ GROUND WATER SAMPLE TYPE
SEPTH HOUR DATE A - Augn cumngs. B - Block somple iTH
3415_' 2:40 3/ i . 5 =27 0.D. 1.28" L.D, tube sample. -
pm U = 3" 0.D. 2.42" 1D, tube samsle. P B cmmmhatitlinniaes
T - 3" 0.D. thin-wolled Shelby tube. H A.2N0
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f’éOJECT: 150 Acre -F'vsmjx-;:ri on Ponds -

>

LOG OF TCEST DORING MNO.__15

JoBNO.E79-1033 pATE.3/1/79 .
; ) K RIG TYPE CME-75
_ =3 g P iz . | BorinG TYPE 6%" Hollow Stem Auger
&l assl 28| 25 | 83 | 32 | surraceELEV.____ARBLYE
= | 835 3 Jnlase ] B | sz | L2 | patum ___MST,
= [ £3: = |S{=]sEs| 88 | 26 | 2% :
SlEs8] 85 |5|5|885 &5 | 3 ;5 . REMARKS VISUAL CLASSIFICATION
v TP sl 12 e :
ofote A" "moist to dry | SILTY SAND, predomi-
olole T2 ] nantly fine, angular,
_ ol°le wedium dense | nonplastic to low plas-
: of%fs : ticity, light brown
5 °l.|° [X7ST 16 :
L o|%le | note: some thin lenses

. ool of medium plasticity
lelS SM clay
. : o
e - 0 L3 an .

10 . < ° Q J e b :
L] L -
2o
o|°ls
£ ° -4
15 ) :0 : i 5d 2'\ . - - . .

. NG - dry, becoming| SILTY SAND, predomi-
ofel? very moist nantly medium, angular,
o|2lo nonplastic, light brown
olels loose to interbedded with numer-

20 elofe KA i medium dense ous -lgnses of medium
L olel2 AN SI 5 SM plastic -clay"
. -3 ° [ . 1 Wj._th_ .
: o : CL_J -
o ‘o : -] T
o -]
25 o|°le PO Y16 (mo—Tecovery)
ofele. ‘ |
© ° -4
-] ° o
o e o
R ] : [-] <
30 ofeo L8] 10 .
-] ° o
[-] ° -]
o o o :
o 0 o { -
35 IR~
-] .
o : o S 6 :
s Stopped auger at 34%'
Stopped sampler at 36'
40 .o ..
‘GROUND WATER SAMPLE TYPE
- DEPTH HOUR SaTE A = Auger cuftings, B — Block somple iTH
- none S = 2" 0.D. 1.38"° 1.D. tube sample, -_—
U - 3" 0.0. 2.42° 1.0, tube scmple. Tor SIIRITEIRITMINIIE TAT
. T = 2 0.D. thin-wclled Shelby tube. A_21



A’

_ E;! "PROJECT.150 Acre Evaporation Ponds LOG OF TEST BORING RO. ]
"% JoBNO.E79-1033 DATE_3/1/79. ,
: ) s RIG TYPE __CME-75
E:] - - 5% < | &z . | poring vype____ 6%" Hollow Stem Auger
. (E._ R P 21251 25 | 85 | 2 | surFaceELEV.___ BR824
T <32t % mLERS ) TE L ez | 32 ) patum MST, T
N~ ol = [ £3:2] = [E[af s 82 | 26 | 2%
. SlEss] 28 lslkl2s3) 33| =25 | 358 REMARKS VISUAL CLASSIFICATICN
0 =M LD .
rm of fe medium dense | SILTY SAND, predomi-
i Jele = . nantly fine, angular,
o|%[ 5128 4 noriplastic to low pla:
v ol°]e SM— ticity, light brown
1§ 3: -] L] -
{ﬂ 5 Wftle DXIST 10 6 '
. et ol o
9 * Q
. [} @ a
13 o |
AR 777 , -
R 10 / ST 13 ) loose to. SILTY CLAY, medium pls
m medium dense | ticity, dark brown,
>=h interbedded with numer
; . / ous stratifications of
s : silty sand :
[‘ﬁ 15 v :
R / S8 20
ey / CL
E % With
: SM
‘. 20 / S| 81 - | 12
. /
o 7
i - 23 RIS 5 22
: .
[g Stopped auger at 24%'
Stopped sampler at 26°'
. 30 :
. £ ’
:E 35 ,
' s
L |-
H .
[g |
D .
: E GROUND WATER SAMPLE TYPE '
! DEPTH HouR DATE A ~ Auger cuttings, B - Block sample TH
: ‘1l none 5 ~-2°°0.D. 1.28" LD, tube sampla. —
b U = 3" 0.D, 2.42°" LD, tube 30mpla. * s Gotaia o TeCitm o aLeieotrant  IL Fate
i T - 3" 0.D. thin-wmclled Shalby tute. i L a-79
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L . Page 1 of 2
PROJECT 150 Acre Ewanaraticn Ponds LOG GF TEST BOGRING WNO._17 .
.JOBNO.E79-1033 DATE_3/2/79 oo

) 5 RIG TYPE CME-75
- s gg = | 52 . | BORING TYPE 6%" Hollow Stem Auger
|- 2128|235 | &< | 53 | surFacEELev.__ 6881+
s [225] 2 [ 0n]3%%] Fl | sz | 22 | pavum MSL
= |S535 = “|%] 32| ae 28 23
S |8s2] 83 ,5, S(28351 23 | 28 | 58 REMARKS | VISUAL CLASSIFICATION
0 7 ' : |
//// slightly SILTY CLAY, low to
T moist to medium plasticity,
/ very moist dark brown
] / :moderately"
v - % S 1.2 23 T Firm
/'U
(10 % sl 7
7.
YA
/:cfc moist CLAYEY SAND, predomi-
15 % sl 7 . nantly fine, low plas-
19%/% 3 loose ticity, brown
0,
3 Q‘\ '
ol Cwer SILTY SAND, predomi-
20 ofle s . . _ nantly fine, nonplas-
- olo|® o | loose tic, brown
°; ° . . . R
25 : / - : o moist to SILTY CLAY, medium plas-
/ sl 6 very moist ticity, dark brown
/:' soft to firm
30 /&—7 :
%- s|_15
%‘; CIL_
"5 -
’ % 5131
/
/r;' -
40 % Alsl 23
%, .
45 ééé?‘ S| 15
/1~ e | _
GROUND WATE SAMPLE TYPE
- DEPTH HOUR DATE A = Auger cuttings. B — Block sample H
. | none 5 = 2" 0.0. 1.38” 1., tube sample, -

U~ 3 0.D. 2.42°° I.D, tube somple.
T = 3' 0.0. thin-walled Sheiby tuba., H ’ LA-73
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- .

ration Ponds

{'j‘]' 'PROJE.CT 150 Acre Evapo
JoB NO.E79-1033 DATE_3/2/79

Page 2 of 2

LCG OF TEST BORING HO._31_

{ g i

e —-

DEPTH

HOUR |

DATE

‘] none

A « Auger cuttings,

$ -2 0.D0.1.33™" 1D,
U -3 0.0, 2.42" 1D,

B - Block somple
tube sample.,
tube sample,

T - 3** Q.D. thin-walled Shelbv tube,

[
H
— ) 5 RIG TYPE CME-75 :
E: - 5% E = Eg . BORING TYPE 6.1/2" Hollow Stem Auger
, I I gl=s] 23] &5 | 3% | SURFACE ELEV. 6881+ S
A \\ R RN Jdn e 3 23 2= | DATUM MST
ﬁj = | £33 2 |s|s|32s| 83| 26 | 2% - :
Al S &S] 25 |ElE|2s31 82| 32 ] 38 REMARKS VISUAL CLASSIFICATICN
5 50 { '
- ;?7 S| 24 ' becomes orange-brown
. . f ./
{§'A : *es - bery wet SAND, some clay, pre-
2 .1 55 .o S| 52 S ) dominantly medium,
. R ) SP very dense angular, nonplastic to
‘s - low plasticity, brown
: ‘ with orange strezks
- IS N . SHALE, moderately -to
1rs 50 Als| 33 very weathered, thinly
‘[g. bedded, soft to moder-
S -ately hard, tan to gra:
: —
‘Eg - .
. 70— — S!50/11 (nolrecovery}] ‘
S , : :
. ,'Lli . P '
/. 7 . J .
iy 75 ——— 155070} (uo[{Tecovexy
- ] ‘ :
=t —
,EE§ ——i
: —— 151100/0"
= | %
B Stopped auger at 80'
o Sampler refused at 80'
E 85
1 '
& !
; .
- 90
3
|
-
!
Lo !
=
H ' _ ~
i GROUND WATER SAMPLE TYPE
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FROJECT 150 Acre 'F'va'on-rat‘mn Ponds . LCG OF TEST'BOR!NG o1
JOos NO.E79-1033 DATE 3/2/79 - )
RIG TYPE___ CME-75

N - ‘§§ . | BosrING TYPE 6%'" Hollow Stem Auger
Sl e & —::_E_ > 55_’ == | SURFACE ELEV. 6881+
= | 8sE| 1 ER%e | F2 | ez | 22 | paTum MST,
= |32 2 2|3 32f] 82| &5 | 237
SlEss] &35 (&8585 831 28 ) 38 REMARKS VISUAL CLASSIFICATION

O L@ ° 9 . .

: of°le - . S| slightly - .SILTY SAND, some clay,
olae o SC moist predominantly fine,
ol2fa: . angular, nonplastlc
°[o]° loose brown

5 77

. 3 St—13 slightly SILTY CLAY, medium pla:
- / CL moilst ticity, brown -
// moderately
10— ofsls Bs—3 firm -
-] [-] . . g

: M ; dry to SILTY SAND, some clay,
ofete very moist predominantly fine,
ollo SM= angular, nonplas tic,
°ls|® SC loose - brown

15 Q o L
0 e ° S 7
o|°fe
(-] ° a

t O : o ’
-} e L}
e ° /-
20 ] elole IAIST 7
Stopped auger at 19%' -
Stopped sampler at 21'
25 g

30

35

] GROUND WATER ' SAMPLE TYPE'

BEPTH HOUR DATE ' A = Auger cuttings. B ~ 2lock somple ' TH
nane S =2 0.D. 1.38"" 1D, tube somple. —

U -~ 3" C.D. 2.42" 1D, tute sompla,

" T =100 thinewnllad Shalby tube.
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