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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:

Geologic Units:
Cultural material:

Comments:

0230420E

TRENCH 1

3900247N

Core of T4 surface on the right bank meander south of 41PT186
Unit E resting unconformably upon a thin, truncated remnant of Unit D.

observed.

Broad ash bed between 7-10 cm, presumably clearance related; no other material

Near channel overbank facies with multiple weakly developed buried soils.

Zone

Horizon

Depth (cm)

Description

1

Cc

0-7

Brown (7.5YR 4/3, m) loam, loose, weak fine subangular blocky structure,
abrupt wavy boundary, violently effervescent; Unit E.

2

C

7-10

White (10YR 8/2, m) silt loam, loose, single grain, abrupt discontinuous
boundary, violently effervescent, Ash, thin but extensive bed of ash,
probably result of land clearance activity, with an oxidized rim beneath it in
a few places.

10-28

Yellowish brown (10YR 5/4, m) silt loam, very friable, moderate medium
subangular blocky structure, abrupt smooth boundary, violently
effervescent, few granules throughout; Unit E.

Ab

28-50

Dark gray to dark grayish brown (10YR 4/1 to 4/2, m) loam, friable,
moderate medium subangular blocky structure, gradual smooth boundary,
violently effervescent, few bits of charcoal scattered throughout, buried soil;
Unit E.

AC

50-81

Dark grayish brown (7.5YR 4/2, m) loam, firm, weak coarse prismatic
structure, abrupt smooth boundary, violently effervescent; Unit E.

81-90

Brown-yellowish brown (10YR 5/3.5, m) slightly gravelly to gravelly loamy
sand, loose, single grain, abrupt smooth boundary, violently effervescent,
approximately 40% coarse fragments which are mostly sub-rounded
caliche smaller than 1 cm in diameter, largest clast observed was 3 cm
long; Unit E.

90-98

Yellowish brown (10YR 5/4, m) loam, hard, massive, clear to abrupt
smooth boundary, violently effervescent, <1% coarse fragments; Unit E.

98-102

Brown (7.5YR 5/4, m) sand to loamy sand, slightly hard, weak medium
subangular blocky structure, abrupt smooth boundary, violently
effervescent, many (~50%) dark colored very dark gray to dark gray (10YR
3/1 to 4/1) worm casts, few granules throughout, original bed was a fairly
clean sand prior to being run through by worms which resulted in a finer
texture overall; Unit E.

2Ab

102-118

Dark gray (10YR 4/1, m) loam, hard, weak coarse subangular blocky
structure, abrupt smooth boundary, violently effervescent, few (1-2%)
coarse fragments.

10

2C

118-128

Brown (7.5YR 5/4, m) slightly gravelly loamy sand, slightly hard, massive,
abrupt smooth boundary, violently effervescent, ~10-15% coarse
fragments, numerous granules impart a speckled appearance; Unit E.

11

3Ab

128-145

Brown (7.5YR 5/4, m) loamy sand to sandy loam, hard, weak medium
subangular blocky structure, abrupt smooth boundary, violently
effervescent; Unit E.

12

3C

145-150

Brown (7.5YR 5/4, m) slightly gravelly loamy sand, slightly hard to loose,
massive to weak very coarse subangular blocky structure, abrupt smooth
boundary, violently effervescent, 5-15% coarse fragments; Unit E.

13

3C

150-167

Brown (7.5YR 5/3, m) sandy loam, hard, weak very coarse subangular
blocky structure, abrupt smooth boundary, violently effervescent; Unit E.

14

3C

167-176

Brown (10YR 5/3, m) gravelly loamy sand, loose, single grain, abrupt
smooth boundary, violently effervescent, 40-50% coarse fragments; Unit E.

15

3C

176-196

Brown (7.5YR 4/3, m) loamy fine sand, very friable, weak very coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent; Unit E.
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Appendix A
Backhoe Trench Descriptions

Zone

Horizon

Depth (cm)

Description

16

3C

196-198

Brown (7.5YR 5/4, m) loamy sand, slightly hard, massive, abrupt smooth
boundary, violently effervescent; Unit E.

17

3C

198-203

Brown (7.5YR 5/4, m) slightly gravelly to gravelly sand, loose, single grain,
abrupt smooth boundary, violently effervescent, 15-30% coarse fragments;
Unit E.

18

3C

203-225

Brown (7.5YR 5/3, m) loamy sand, slightly hard, weak medium subangular
blocky structure, abrupt smooth boundary, violently effervescent; Unit E.

19

3C

225-231

Brown (7.5YR 5/4, m) sandy loam, slightly hard, massive, abrupt smooth
boundary, violently effervescent, 5% coarse fragments, few calcium
carbonate filaments; Unit E.

20

3C

231-250

Brown (7.5YR 5/4, m) loamy sand, friable, weak medium subangular
blocky structure, abrupt smooth boundary, violently effervescent, few (1-
3%) calcium carbonate filaments; Unit E.

21

3C

250-260

Brown (7.5YR 5/3, m) loam, hard, moderate to strong medium subangular
blocky structure, abrupt smooth boundary, violently effervescent; Unit E.

22

3C

260-268

Brown (7.5YR 5/3, m) loamy sand, slightly hard, massive, abrupt smooth
boundary, violently effervescent; Unit E.

23

3C

268-280

Pale brown (10YR 6/3, m) slightly gravelly sandy loam, very friable to
loose, single grain, abrupt smooth boundary, violently effervescent; Unit E.

24

3C

280-308

Pale brown (10YR 6/3, m) sand, loamy sand and very fine sandy gravel,
loose to very friable, single grain to massive, abrupt smooth boundary,
violently effervescent, zone comprises several thin beds; Unit E.

25

4Ck

308-320

Brown (7.5YR 5/3, m) loam to silt loam, firm, moderate medium subangular
blocky structure, abrupt smooth boundary, violently effervescent, few to
common (5-7%) calcium carbonate filaments, a bulk sediment sample of
this zone collected from 310-313 cm yielded an age of 2180 * 40 years
B.P. (Beta-328307);Unit D.

26

4C

320-330

Brown (7.5YR 4/4, m) very gravelly sand, loose, single grain, violently
effervescent, 60-70% coarse fragments, mostly fine gravel, common strong
brown 7.5YR 5/8 stains on gravel surfaces; few manganese stains on
gravels as well; Unit D.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:

Geologic Units:

Cultural material:

Comments:

0230459E

TRENCH 2

3900214N

Rear of T4 surface on a slightly elevated (~1 m) bench
Middle and/or Late Holocene Colluvium

None observed

Numerous discontinuous gravelly lenses

Zone

Horizon

Depth (cm)

Description

1

A

0-60

Very dark grayish brown (10YR 3/2, m) sandy loam, very friable, weak
coarse subangular blocky structure, diffuse smooth boundary, violently
effervescent, many krotovina, few gravels throughout (matrix supported),
3-5% coarse fragments; Qc.

AC

60-120

Brown (7.5YR 5/3, m) slightly gravelly loamy sand to sandy loam, friable,
massive, clear smooth boundary, violently effervescent, 5-7% coarse
fragments, matrix supported; Qc.

3a

120-320

Brown (7.5YR 5/4, m) sandy loam, friable, weak coarse subangular
blocky structure, clear smooth boundary, violently effervescent, few
calcium carbonate filaments, 7-15% coarse fragments, matrix supported;
Qc.

3b

120-320

Light brown (7.5YR 6/3, m) slightly gravelly loamy sand, loose, single
grain, abrupt smooth boundary, violently effervescent, zone comprises
numerous slightly westward dipping discontinuous beds of angular to
subrounded caliche fragments.

>320

Massive indurated caliche, Ogallala Formation. Top of this deposit has
been eroded and slopes to toward the valley axis.
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Appendix A
Backhoe Trench Descriptions

Location:

Geologic Units:

Cultural material:

Comments:

0230399E

TRENCH 3

3900278N

Core of T4 surface on the right bank meander south of 41PT186

Unit B overlain by a thin veneer of Unit E.

An extensive scatter of FBR, a single Alibates flake and a few bone fragments between
0.8 and 2.2 m below the surface in the rubified Early or Middle Holocene alluvium.

This trench exposes a near channel overbank to medial overbank facies of the early-
Middle Holocene alluvium. The A horizon is extensively bioturbated, and because it is
considerably sandier, it may actually be a thin veneer of the Late Holocene alluvium.

Zone

Horizon

Depth (cm)

Description

A

0-80

Brown (7.5YR 5/4, m) sandy loam, very friable, weak coarse subangular
blocky structure, gradual smooth boundary, violently effervescent, many
krotovina; Unit E.

Bw

80-160

Brown (7.5YR 4/4, m) loam, firm, strong coarse prismatic structure,
gradual smooth boundary, violently effervescent, common krotovina, few
scattered FCR and bone fragments throughout; Unit B.

3a

Bk

160-230

Brown (7.5YR 5/4, m) loamy sand, very friable, massive, abrupt smooth
boundary, violently effervescent, few (1-3%) calcium carbonate
filaments, zone comprises four distinct sandy beds that pinch out to the
west, within 2 m of the east trench end; basal sand bed has a small
amount of gravel; Unit B.

3b

Bk

160-230

Brown (7.5YR 5/4.5, m) loam, friable, strong coarse subangular blocky
structure, abrupt smooth boundary, violently effervescent, common (5-
7%) calcium carbonate filaments, possibly a few calcium carbonate
coats on ped faces, numerous FCR and few scattered bone fragments
throughout; Unit B.

230-265

Brown (7.5YR 4/4, m) loamy sand to sandy loam, very friable, massive,
abrupt smooth boundary, violently effervescent, few (1%) calcium
carbonate filaments, appears to be at least 3 different beds but they
were difficult to clearly discern, so described as a single zone; Unit B.

265-280

Brown (7.5YR 4/4,m) loamy sand, very friable, massive, violently
effervescent; Unit B.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:

Geologic Units:

Cultural material:

Comments:

TRENCH 4

0230361E 3900323N

Trench was placed on the Ty surface, which in this location lies about 1.5 m above the
channel floor.

Recent (modern) alluvium, resting unconformably upon Unit E , which in turn rests
unconformably upon an Unit D.

A rusted can was observed within the recent alluvium in the top 30 cm.

The recent alluvium was a thin veneer in most of the trench but in the northernmost 20
cm of this trench this unit dove to a depth of more than 1.2 m and probably upwards of 2
m just to the north of the trench. Numerous samples were collected from the older
channel plug at depth.

Zone

Horizon

Depth (cm) Description

AC

0-16 Brown (10YR 4/3, m) loamy sand, very friable to loose, weak medium
subangular blocky structure, abrupt broken boundary, violently
effervescent, many krotovina have left only fragments of original beds;
modern.

16-23 Light yellowish brown (10YR 6/4, m) sand, loose, single grain, abrupt-
broken boundary, violently effervescent, laminated in places, but most in
this profile has been disturbed by rodents; modern.

23-47 Yellowish brown (10YR 5/4, m) sand to loamy sand, loose, single grain,
abrupt smooth boundary, violently effervescent, <1% coarse fragments;
modern.

47-60 Dark grayish brown-brown (10YR 4/2.5, m) slightly gravelly to gravelly
sandy loam to loamy sand, slightly hard, weak medium subangular
blocky structure, abrupt smooth boundary, violently effervescent, crudely
laminated in places, 15-30% coarse fragments; Unit E.

AC

60-66 Very dark grayish brown-dark grayish brown (10YR 3.5/2, m) loamy sand
to sandy loam, slightly hard, weak medium to coarse subangular blocky
structure, abrupt smooth boundary, violently effervescent, looks to be
very locally re-deposited zone 7 material, <3% coarse fragments; Unit E.

66-70 Brown (10YR 4/3, m) loamy sand, slightly hard, weak fine subangular
blocky to massive structure, abrupt smooth boundary, violently
effervescent, hints of bedding in places, 1-3% coarse fragments; Unit E.

3Ab

70-102 Dark brown-brown (10YR 3.5/3, m) sandy loam, slightly hard, moderate
coarse subangular blocky structure, clear smooth boundary, violently
effervescent, small fragments of charcoal are present in upper half of this
zone; Unit E.

3C

102-121 Yellowish brown (10YR 5/4, m) slightly gravelly to gravelly sandy loam to
loamy sand, loose, single grain, abrupt smooth boundary, violently
effervescent, hints of bedding in places, 15-30% coarse fragments; Unit
E

4Ck1

121-145 Yellowish brown (10YR 5/4, m) sandy loam, friable, moderate very
coarse subangular blocky structure, abrupt smooth boundary, violently
effervescent, 15-20% calcium carbonate filaments; Unit E.

10

4Ck2

145-177 Gray (10YR 5/1, m) gravelly silty clay, friable, moderate coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent, 30-40% coarse fragments (<2cm subrounded caliche,
matrix supported), common (5-7%) calcium carbonate filaments, few
brown (7.5YR 5/4) medium distinct mottles; Unit E.

11

4Ck3

177-198 Pale brown (10YR 6/3, m) sand and slightly gravelly sand, slightly hard,
massive, abrupt smooth boundary, violently effervescent, <15% coarse
fragments, few (1-3%) calcium carbonate filaments, few brown (7.5YR
5/4) medium distinct mottles, several distinct alternating coarse and fine
laminated thin beds, some appear contorted, possibly due to trampling;
Unit D.
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Appendix A
Backhoe Trench Descriptions

Zone

Horizon

Depth (cm)

Description

12

4Ckg1

198-234

Dark grayish brown (10YR 4/2, m) silty clay loam, firm, strong coarse
angular blocky structure, abrupt smooth boundary, violently effervescent,
common (5-7%) calcium carbonate filaments on ped faces, common fine
distinct red (2.5YR 6/6) mottles and along bedding planes; Unit D.

13

4Ckg2

234-258

Very dark grayish brown to dark grayish brown (10YR 3/2 to 4/2, m)
slightly gravelly silty clay, firm, strong coarse angular blocky structure,
abrupt smooth boundary, violently effervescent, few fine faint (7.5YR 4/4)
thread-like mottles, 15-20% coarse fragments (rounded caliche matrix
supported), common (5-7%) calcium carbonate filaments on ped faces;
Unit D.

14

4C

258-277

Yellowish brown (10YR 5/4, m) sand to loamy sand, friable, massive,
abrupt wavy boundary, prominently laminated, few very dark gray (10YR
3/1) clay laminae the upper of which has a continuous <1 mm carbonate
coat (travertine?), and a few other carbonate partings on bedding planes
were present throughout this bed; Unit D.

15

4C

277-322

Dark grayish brown (10YR 4/2, m) loam to slightly gravelly loam, friable,
moderate medium subangular blocky structure, abrupt smooth boundary,
violently effervescent, few (1-3%) calcium carbonate filaments, zone
comprises sever interbedded alternating coarse and fine beds, coarser
beds have 15-25% coarse fragments, common medium faint olive yellow
(2.5Y 6/8) irregular and thread-like mottles; Unit D.

16

4Cg

322-340

Brown (10YR 5/3, m) loam to slightly gravelly loam, very friable,
moderate medium subangular blocky structure, abrupt smooth boundary,
violently effervescent, few (1-3%) calcium carbonate filaments, common
fine faint yellow (10YR 7/6) thread-like mottles; Unit D.

17

4Cgqg

340-350

Sandy gravel (hard to determine color), loose, single grain, abrupt
smooth boundary, >80% coarse fragments, violently effervescent,
common strong brown to dark reddish brown (7.5YR 5/8 to 5YR 3/4) iron
stains on gravel surfaces; Unit D.

18

4C

350-360

(7.5YR 4/2, m) sandy clay, firm, strong medium subangular blocky
structure, abrupt smooth boundary, few fine faint brownish yellow (10YR
6/8) thread-like mottles; Unit D.

19

4Cgqg

310-360

Very dark gray (2.5Y 3/1, m) clay, firm, strong coarse angular blocky
structure, violently effervescent, 5-10% coarse fragments, common open
cylindrical molds of reeds throughout, common sand coats on ped faces,
common coarse prominent yellowish red (5YR 5/8) irregular shaped
mottles on ped faces; Unit D.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:

Geologic

Units:

Cultural material:

Comments:

0230-420E

TRENCH 5

3900314N

This trench was placed upon the T4, surface immediately south of the site, which is
centered upon then T4, surface.

Unit E is 3 m deep here and appears to rest upon Unit D.

One prominent prehistoric occupation surface on the top of a buried soil (zone 7) which
appears to have extremely well define activity areas as we uncovered an ash dump (a
positive relief feature) and a thin bed of butchered bone, spatially offset from each other.
Exquisite buried occupation surface.

Zone

Horizon

Depth (cm)

Description

1

A

0-32

Brown (10YR 4/3, m) sandy loam, very friable, weak fine subangular
blocky structure, clear smooth boundary, violently effervescent; Unit E.

2

c

32-52

Dark yellowish brown (10YR 4/4, m) sandy loam, very friable, massive,
abrupt smooth boundary, violently effervescent, few to no (0-3%) coarse
fragments, with one diffuse gravel scatter at ~40 cm which becomes
more prominent to northeast in this trench; Unit E.

52-57

Brown (10YR 4/3, m) slightly gravelly to gravelly loamy sand, loose,
single grain, abrupt smooth boundary, violently effervescent, 15-40%
coarse fragments which are mostly fine subrounded caliche clasts
reworked from the Ogallala Fm., this zone becomes more gravelly away
from the cutbank; Unit E.

57-70

Brown (10YR 4/3, m) loam to a sandy loam, very friable, massive, abrupt
smooth boundary, violently effervescent; Unit E.

70-75

Dark grayish brown to brown 10YR 4/2-4/3, m) loamy sand, very friable,
weak medium to fine subangular blocky structure, abrupt smooth
boundary, violently effervescent, becomes slightly gravelly to northeast
away from the cutbank/channel; Unit E.

75-77

Ash dump. White (N8/0, m) silt, loose to very friable, massive, abrupt
smooth boundary, violently effervescent, contains a few rounded
aggregates of burned earth (7.5YR 6/6), clearly a positive relief dump of
ash, a piece of charcoal from this ash was radiocarbon dated and
yielded an age of 230 * 40 years B.P. (Beta-235482), and a piece of
butchered bison bone from the same stratigraphic position on the
opposite side of the trench yielded an age of 210 * 40 years B.P. (Beta-
238317).

2Ab

77-112

Dark brown-brown (10YR 3.5/3, m) sandy loam, friable, moderate
medium subangular blocky structure, abrupt broken boundary, violently
effervescent, boundary with zone 8 disturbed by worm bioturbation, there
is a prominent Protohistoric occupation on top of this zone; Unit E.

2C

112-118

Light yellowish brown (10YR 6/4, m) sand to sandy loam, very friable to
loose, massive, abrupt broken boundary, violently effervescent, this was
a discrete bed of clean sand but it has been seriously altered by worm
bioturbation; Unit E.

3Ab

118-149

Brown-dark grayish brown (10YR 4/2.5, m) loam, very friable, weak to
moderate coarse subangular blocky structure, abrupt broken boundary,
violently effervescent, incipient A-horizon; Unit E.

10

3C

149-152

(10YR 6/4, m) sand, loose, single grain, abrupt broken boundary,
violently effervescent, clean sand severely altered by worm bioturbation;
Unit E.

11

3C

152-158

Brown (7.5YR 4/3, m) loam, very friable, massive, abrupt broken
boundary, violently effervescent; Unit E.

QTRC
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Appendix A
Backhoe Trench Descriptions

Zone

Horizon

Depth (cm)

Description

12

3C

158-162

Light yellowish brown (10YR 6/4, m) sand to loam sand, loose to very
friable, single grain to weak fine subangular blocky structure, abrupt
broken boundary, violently effervescent, a relatively clean sand severely
altered by worm bioturbation; Unit E.

13

3C

162-210

Brown (7.5YR 4/3, m) sandy loam, very friable, weak very coarse
subangular blocky structure to massive, abrupt smooth boundary,
violently effervescent, hints off thin beds/lamination throughout; Unit E.

14

3C

210-213

Light yellowish brown (10YR 6/4, m) loamy sand to sand, loose to very
friable, single grained to massive, abrupt discontinuous boundary,
violently effervescent; Unit E.

15

3C

213-233

Brown (10YR 4/3, m) loam, very friable, weak coarse subangular blocky
structure, abrupt smooth boundary, violently effervescent; Unit E.

16

4ACk

233-245

Very dark grayish brown (10YR 3/2, m) silty clay loam, friable, strong fine
to medium subangular blocky structure, abrupt smooth boundary,
violently effervescent, few (1-3%) calcium carbonate filaments, this bed
dips and thickens to the west, where it exhibits some hints of internal
bedding. Dark color of this bed may be detrital rather than pedogenic;
Unit D.

17

4C

245-255

Pale brown (10YR 6/3, m) loamy sand, very friable, massive, abrupt
smooth boundary, violently effervescent; Unit D.

18

5ACk

255-264

Very dark grayish brown (10YR 3/2, m) silty clay loam, friable, strong
medium angular blocky structure, abrupt wavy boundary, few (1-3%)
coarse fragments, violently effervescent, few (3%) calcium carbonate
filaments; Unit D.

19

6Bkg

264-300+

Gray (5Y 5/1, m) slightly gravelly loam to sandy clay loam, very friable,
violently effervescent, many (25%) calcium carbonate filaments, few fine
coarse distinct olive (5Y 5/6) mottles; Unit D.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:

Geologic Units:

Cultural material:

Comments:

0230417E

TRENCH 6

3900341N

This trench is located on the T4 surface, south of the corral adjacent to the T1 scarp
overlooking the floodplain.

A thin drape of Unit E (?) resting upon Unit B.

A small number of items were observed in the top 30 cm, but this part of the deposit is
extensively bioturbated.

None.

Zone

Horizon

Depth (cm)

Description

1

Ap

0-7

Brown (10YR 4/3, m) sandy loam to loamy sand, very friable to loose,
weak fine subangular blocky structure to single grain, abrupt smooth
boundary, violently effervescent, <1% coarse fragments, appears to be
recent rodent spoil, but possibly a veneer of recent alluvium; Unit E.

7-65

Very dark grayish brown (10YR 3/2, m) loam to sandy loam, firm, strong
very coarse prismatic, gradual smooth boundary, violently effervescent,
few coarse fragments (1%) most of which are granule to fine gravel sized
clasts, notably slightly concentrated in the bottom 10 cm of the zone.
This may be, at least partially, a thin drape of late Holocene alluvium;
Unit E.

Bw

65-92

Brown (7.5YR 4/4, m) loam to silty clay loam, firm, strong coarse
prismatic structure parting to medium subangular blocky structure,
gradual smooth boundary, violently effervescent, common (5%) calcium
carbonate filaments, few (3-5%) coarse fragments throughout, which are
primarily 3-5 mm granules of reworked caliche, but a few looked like in
situ pedogenic nodules; Unit B.

Bk

92-140

Brown (7.5YR 4/4, m) loam to silt loam, firm, strong medium to coarse
subangular blocky structure, clear smooth boundary, violently

effervescent, few (5%) coarse fragments in the lower 5 cm of the zone,
common (7-15%) prominent white calcium carbonate filaments; Unit B.

2Ab?

140-157

Brown (7.5YR 4/2.5, m) silty clay, friable, strong coarse prismatic
structure, clear smooth boundary, violently effervescent, few (1-3%)
calcium carbonate filaments, possibly a very weak A horizon. A bulk
sample was collected for radiocarbon dating from the top of this zone
and it yielded an age of 8280 * 50 years B.P. (Beta-235483); Unit B.

2Bk

157-198

Brown (7.5YR 4/4, m) silt loam to silty clay loam, friable, moderate
medium subangular blocky structure, clear smooth boundary, violently
effervescent, common (3-5%) calcium carbonate filaments; Unit B.

3Ab?

198-216

Dark brown-brown (7.5YR 4/2.5, m) silt loam, friable, moderate medium
subangular blocky structure, diffuse smooth boundary, violently
effervescent, possibly a very weakly developed A-horizon; Unit B.

3Bk

216-320

Brown (7.5YR 4/3, m) silty clay loam, firm, moderate to strong columnar
structure, violently effervescent, common (3-5%) calcium carbonate
filaments, and a few 5-10 mm irregular shaped diffuse edged calcium
carbonate nodules, a bulk sample collected from 264-269 cm within this
zone was radiocarbon dated and yielded an age of 9610 * 50 years B.P.
(Beta-235484); Unit B.
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Appendix A
Backhoe Trench Descriptions

TRENCH 7

Location: 0230409E 3900381N

Trench was located on the north side of the T4, surface adjacent to the cutbank, which

was slightly lower than the core of the T4 surface.
Geologic Units: Thin veneer of Unit E resting upon Unit B.
Cultural material:  None observed.
Comments: None.

Zone

Horizon

Depth (cm)

Description

1

A

0-30

Very dark grayish brown (10YR 3/2, m) sandy loam, very friable, weak
coarse subangular blocky structure, clear smooth boundary, violently
effervescent, possibly a thin veneer of Unit E.

AB

30-60

Dark brown (7.5YR 3/3, m) silty clay loam, friable, strong medium tom
coarse prismatic structure, gradual smooth boundary, violently
effervescent, few coarse fragments (1-3%), most of which are granules
of reworked caliche throughout; Unit B.

Bk

60-135

Brown (7.5YR 4/4, m) silty clay, firm, strong medium to coarse prismatic
structure, diffuse smooth boundary, violently effervescent, rare (<1%) 1-
3 mm calcium carbonate nodules, common (3-5%) calcium carbonate
filaments; Unit B.

Bk

135-190

Brown (7.5YR 4/4, m) silt loam to silty clay loam, very friable, moderate
medium subangular blocky structure, clear smooth boundary, violently
effervescent, common (5-7%) prominent white calcium carbonate
filaments; Unit B.

Ab?

190-203

Brown (7.5YR 4/3, m) loam to silt loam, very friable, weak medium
subangular blocky structure, violently effervescent, few (3%) calcium
carbonate filaments, appears to be a very weakly developed A horizon;
Unit B.

Bk

203-252

Brown (7.5YR 5/4, m) loam, very friable, weak to moderate medium
subangular blocky structure, clear smooth boundary, few to common (3-
5%) calcium carbonate filaments; Unit B.

252-270

Strong brown (7.5YR 5/6, m) sandy loam, very friable, weak coarse
subangular blocky structure, violently effervescent, few cobbles at the
top of this zone; Unit B.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:

Geologic

Units:

Cultural material:
Comments:

0230361E

TRENCH 8

3900347N

This trench was placed across the T+ surface along the west side of site 41PT185 (?).

Unit E resting unconformably upon Unit D.

At least one prehistoric occupation surface is present in the trench.

Both of the units present have significant dips and lateral facies changes in the length of
the trench, mostly from north to south across the floodplain; look like lateral accretion

beds.

Zone

Horizon

Depth (cm)

Description

A

0-37

Dark grayish brown (10YR 4/2, m) sandy loam, friable, weak very coarse
subangular blocky structure, clear smooth boundary, violently
effervescent, few (1-3%) coarse fragments throughout, extensively
bioturbated; Unit E.

37-61

Brown-dark yellowish brown (10YR4/3.5, m) loamy sand, very friable,
moderate fine to medium subangular blocky structure, abrupt smooth
boundary, violently effervescent, few (<3%) coarse fragments,
extensively bioturbated; Unit E.

2Ab

61-95

Dark grayish brown-brown (10YR 4/2.5, m) sandy loam, slightly hard,
moderate medium to coarse subangular blocky structure, clear smooth
boundary, violently effervescent, few (1%) calcium carbonate filaments,
few (1-3%) coarse fragments; Unit E.

2C

95-105

Brown (10YR 5/3, m) slightly gravelly to gravelly loam, hard, weak
coarse subangular blocky structure, abrupt smooth boundary, violently
effervescent, common (15-30% coarse fragments, mostly clast
supported, this is a discontinuous bed which dips to the north and west;
Unit E.

2C

105-117

Brown (10YR 5/3, m) loamy sand, firm, weak coarse subangular blocky
structure, abrupt smooth boundary, violently effervescent; Unit E.

2C

117-128

Brown (10YR 5/3, m) loamy sand to (10YR 6/3, m) sand, very friable,
weak to moderate coarse subangular blocky structure, abrupt smooth
boundary, violently effervescent, multiple thin laminated beds,
extensively worm bioturbated; Unit E.

3Akb

128-153

Very dark grayish brown to dark grayish brown(10YR 3/2 to 4/2, m)
sandy clay, very firm, strong medium prismatic structure, clear smooth
boundary, violently effervescent, common (5-7%) calcium carbonate
filaments, few (1-5%) coarse fragments; Unit D.

3Akgb

153-175

Very dark gray-dark gray (10YR 3.5/1, m) sandy clay loam, firm to very
firm, strong medium subangular blocky structure, abrupt smooth
boundary, violently effervescent, many (15%) calcium carbonate
filaments, few fine fine (2.5Y 5/6) mottles; Unit D.

3C

175-189

Yellowish brown (10YR 5/4, m) clayey gravel, firm, massive, abrupt
smooth boundary, violently effervescent, 60-80% coarse fragments,
prominent laterally discontinuous gravel bed; Unit D.

10

4Ab

189-198

Very dark gray (10YR 3/1, m) sandy clay, firm, strong fine prismatic
structure, abrupt smooth boundary, few (1%) calcium carbonate
filaments, 5-10% coarse fragments mostly matrix supported; Unit D.

11

4C

198-203

Brown (10YR 4/3, m) slightly gravelly sandy clay, hard, weak medium
subangular blocky structure, abrupt smooth boundary, violently
effervescent, 15-25% coarse fragments mostly matrix supported; Unit D.

12

5Ab

203-205

Very dark grayish brown (10YR 3/2, m) slightly gravelly clay, very hard,
strong medium to coarse angular blocky structure, abrupt smooth
boundary, violently effervescent, 5% matrix supported coarse fragments;
Unit D.
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Appendix A
Backhoe Trench Descriptions

Location:

Geologic Units:
Cultural material:

Comments:

TRENCH 9

Trench runs east-west from the western edge of the Corral, down the axis of a
meander of West Amarillo Creek, stopping just before the bike trail.

Unit E, draping Units D, C and B.

Extensive amounts of cultural material in thee Unit E veneer (which is very
bioturbated), and small amounts of material in Unit C.

A very complex trench. No depths are listed as the descriptions refer to a long

wall drawing.

Zone

Horizon

Depth (cm)

Description

A

Very dark grayish brown (10YR 3/2, m) loam to sandy loam, firm,
weak very coarse prismatic structure in a few places, but mostly
massive (owing to bioturbation), clear smooth boundary, violently
effervescent, few coarse fragments (1%) most of which are granule
to fine gravel sized clasts, a piece of bison bone recovered from
the base of this unit where it drapes Unit C yielded an age of 600 *
40 years B.P. (Beta-237020) and a sample of bulk soil collected
from approximately the same position yielded an age of 2040 + 40
years B.P. (Beta-235495) which is more likely close to the age of
the immediately underlying Unit C; Unit E

2ACb

Dark gray to very dark gray (10YR 3.5/1, m) sandy clay loam, firm
to very firm, strong medium subangular blocky structure, abrupt
smooth boundary, violently effervescent, many (15%) calcium
carbonate filaments, few fine (2.5Y 5/6) mottles; Unit D.

3Ck

Brown (10YR 5/3) loam (marl?), friable, weak medium subangular
blocky structure, gradual smooth boundary, violently effervescent,
abundant diffuse calcium carbonate, many (15-25%) calcium
carbonate filaments, <1% coarse fragments; Unit C.

4Akb

Dark grayish brown (10YR 4/2) loam, friable, moderate to strong
subangular blocky structure, clear smooth boundary, violently
effervescent, many (10-15%) calcium carbonate filaments,
abundant diffuse calcium carbonate, few fine faint light brownish
gray (10YR 6/2) redox depletions, weak A horizon, a bulk sample
of which collected from the top of the zone yielded an age of 2150
* 40 years B.P. (Beta-235486) and a piece of charcoal collected
from this zone was radiocarbon dated and yielded an age of 2490 *
40 years B.P. (Beta-237021); Unit C.

4C

Brown (7.5YR 5/4) loam, friable, weak to moderate very coarse
subangular blocky structure, gradual smooth boundary, violently
effervescent, many (7-15%) calcium carbonate filaments; Unit C

4C

Gravelly sandy loam, loose, single grain, violently effervescent, 60-
90% coarse fragments; Unit C

5Ab

Dark brown (7.5YR 3/3, m) silty clay loam, friable, strong medium
tom coarse prismatic structure, gradual smooth boundary, violently
effervescent, few coarse fragments (1-3%), most of which are
granules of reworked caliche throughout; Unit B.

5Bk

Brown (7.5YR 4/4, m) silty clay, firm, strong medium to coarse
prismatic structure, diffuse smooth boundary, violently effervescent,
rare (<1%) 1-3 mm calcium carbonate nodules, common (3-5%)
calcium carbonate filaments; Unit B.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:

Geologic Units:

Cultural material:

Comments:

0230410E

TRENCH 10

3900486N

Trench was placed on the T4, surface on the downstream side of the meander.

A thin veneer of Unit E over a northward thickening wedge of Unit D.

A hearth was discovered at a depth of 105-110 cm in the late Holocene clayey alluvium.
Both of the alluvial units in this trench dip and thicken to the north, and a rubified alluvial
fill was exposed on the floor of the trench.

Zone Horizon

Depth (cm)

Description

1 A1

0-14

Dark brown (7.5R 3/2, m) sandy loam, very friable, weak medium
subangular blocky structure, clear smooth boundary, violently
effervescent; Unit E.

2 A2

14-32

Brown-dark brown (7.5YR 3.5/2, m) loamy sand to sandy loam, friable,
moderate medium subangular blocky structure, clear smooth boundary,
violently effervescent; Unit E.

32-56

Brown (7.5YR 5/4, m) sandy loam, friable, moderate fine subangular
blocky structure, abrupt smooth boundary, violently effervescent; Unit E.

4 2Ab

56-80

Very dark grayish brown (10YR 3/2, m) silty clay to sandy clay loam,
firm, strong medium subangular blocky structure, gradual smooth
boundary, violently effervescent, few to common (3-5%) calcium
carbonate filaments, 1-3 % matrix supported coarse fragments; Unit D.

80-154

Very dark gray (10YR 3/1, m) silty clay loam, friable, strong medium to
very fine subangular blocky structure, abrupt discontinuous boundary,
violently effervescent, common (7%) calcium carbonate filaments, few
(1-3%) matrix supported coarse fragments; Unit D.

6 3Ab

154-155

Very dark grayish brown to very dark gray (10YR 3/1 to 3/2, m) slightly
gravelly silty clay, friable, massive, abrupt discontinuous boundary,
violently effervescent, few to common (3-5%) calcium carbonate
filaments, 15-45% coarse fragments often clast supported, discontinuous
gravelly bed; Unit D.

7 3AC

156-180

Very dark grayish brown (10YR 3/2, m) clay to silty clay, friable, strong
coarse prismatic parting to strong fine subangular blocky structure,
abrupt smooth boundary, violently effervescent, common (5-7%) calcium
carbonate filaments; Unit D.

8 3Ab

>180

Brown (7.5YR 4/4, m) silt loam, friable, strong medium to fine subangular
blocky structure, many (7-15%) calcium carbonate filaments, few (1%) 1-
5 mm calcium carbonate nodules, common fine faint 10YR 5/6 mottles;
Unit D.
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Appendix A
Backhoe Trench Descriptions

Location:

Geologic

Units:

Cultural material:
Comments:

0230549E

TRENCH 11

3900092N

Trench placed on colluvial slope at the edge of the alluvial valley just above a cutbank
that exposes a buried soil which appears to be a Late Pleistocene alluvial fill (Unit A).
Terrace appears to be the T, surface which lies about 6-7 m above the channel of West

Amarillo Creek.

Holocene colluvium over Unit A, over Ogallala Formation.

None observed

Prominent well-developed soil formed in the Late Pleistocene deposit, the top of which

Zone

Horizon

Depth (cm)

Description

1

A

0-20

Dark grayish brown (10YR 4/2, m) loamy sand, friable to very friable,
weak medium subangular blocky structure, clear smooth boundary,
violently effervescent, 10% coarse fragments scattered throughout the
zone; Qc.

Bk

20-50

Brown (7.5YR 4/2.5, m) sandy loam, friable, moderate fine to medium
subangular blocky structure, violently effervescent, , common to many
(56-15%) calcium carbonate filaments, 3-5% coarse fragments scattered
throughout the zone; Qc.

2Akb

50-90

Very dark grayish brown (10YR 3/2, m) sandy loam, friable, strong
medium subangular blocky structure, gradual smooth boundary, weakly
to moderately effervescent, many (7-15%) calcium carbonate filaments,
5% coarse fragments throughout; Unit A.

2Btkb

90-120

Brown (7.5YR 4/3, m) loam to sandy clay, friable, strong very coarse
prismatic structure, diffuse smooth boundary, violently effervescent,
many (7-15%)calcium carbonate filaments, many (50-90%) continuous
prominent white calcium carbonate coats on ped faces, 5-10% coarse
fragments throughout zone, more colluvial component to this zone than
zone 5; Unit A.

2Btkb2

120-153

Brown (7.5YR 4/3, m) loam to sandy clay, friable, strong very coarse
prismatic structure, gradual smooth boundary, violently effervescent,
many (7-15%)calcium carbonate filaments, many (50-90%) continuous
prominent white calcium carbonate coats on ped faces; Unit A.

3Akb

153-180

Very dark grayish brown (10YR 3/2, m) sandy loam, friable, strong
medium to coarse prismatic structure, gradual smooth boundary,
violently effervescent, common (5-7%) calcium carbonate filaments,
many (25-90%) prominent white calcium carbonate coats on ped faces,
base of zone has been blurred by krotovina, a bulk soil sample collected
from the top of this zone yielded an age of 10,730 * 70 years B.P. (Beta-
238309); Unit A.

4Bk

180-260

Light yellowish brown (10YR 6/4, m) slightly gravelly loamy sand, very
friable, strong very coarse prismatic structure, gradual smooth boundary,
strongly effervescent, 10-20% coarse fragments scatted throughout;
Ogallala Formation.

4Bk

260-290

Pink (7.5YR 7/4, m) sand, loose to very friable, single grain, violently
effervescent, common (5-7%) calcium carbonate filaments, few fine (1-
2mm) distinct 7.5YR 5/8 thread-like mottles; Ogallala Formation?.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:

Geologic Units:

Cultural material:

Comments:

0230469E

TRENCH 12

3900503N

Located adjacent to cutbank on outside of meander on the T4 surface.
Thin veneers of late Holocene alluvium (Units C, D and/or E; 0-60 cm) resting upon Unit

B (60-260+ cm).

Cultural material was observed widely scattered in the top 1.2 m, and a hearth was
observed eroding from the cutbank immediately north of the trench.

Zones 1-6 increase in thickness from south to north in this trench, going from 62 cm at
south end to 130 at the north end.

Zone

Horizon

Depth (cm)

Description

A

0-41

Very dark grayish brown (10YR 3/2, m) loamy sand to sandy loam, very
friable, weak medium subangular blocky structure, gradual smooth
boundary, violently effervescent, 1-5% coarse fragments, most of which
are fine gravels widely dispersed in the matrix; Late Holocene.

41-84

Very dark grayish brown (10YR 3/2, m) sandy loam, very friable, weak
coarse subangular blocky structure, gradual smooth boundary, few
(<1%) coarse fragments, a small number of bone and FCR were found
scattered in this zone; late Holocene.

2Bw

84-104

Brown (7.5YR 5/4 to 4/4, m) silt loam, very friable, weak coarse prismatic
structure, clear smooth boundary, violently effervescent, few (1-3%)
calcium carbonate filaments; Unit B.

2Bk

104-115

Brown (7.5YR 4/4, m) loam, firm, moderate to strong fine prismatic
structure, clear smooth boundary, violently effervescent, common (5-7%)
medium (2-5 mm) distinct white irregular shaped calcium carbonate
nodules; Unit B.

3Akb

115-139

Brown (7.5YR 4/4, m) silt loam, firm, moderate medium subangular
blocky structure, diffuse smooth boundary, violently effervescent,
common (5-7%) medium (2-5 mm) distinct white irregular shaped
calcium carbonate nodules; Unit B.

3Bkb1

139-186

Brown (7.5YR 5/4, m) loam to sandy loam, friable, moderate coarse
prismatic parting to moderate medium to coarse subangular blocky
structure, diffuse smooth boundary, violently effervescent, common (7-
10%) medium (2-5 mm) distinct white irregular shaped calcium
carbonate nodules; Unit B.

3Bkb2

186-230

Brown-light brown (7.5YR 5.5/4, m) sandy loam, friable, weak to
moderate coarse prismatic structure, clear smooth boundary, violently
effervescent, common (7-10%) medium (2-5 mm) distinct white irregular
shaped calcium carbonate nodules; Unit B.

3C

230-250

Light brown (10YR 6/4, m) coarse sand, very friable to loose, single
grained, abrupt smooth boundary, abrupt smooth boundary, violently
effervescent, 5-10% coarse fragments; Unit B.

3Cgqg

250-260+

Light brown (7.5YR 6/4, m) medium sand, loose to very friable, single
grain, violently effervescent, common medium distinct 7.5YR 5/8
cylindrical mottles; Unit B.
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Appendix A
Backhoe Trench Descriptions

Location:

Geologic Units:

Cultural material:

Comments:

TRENCH 13

0230509E 3900009N

Trench was located close to leading edge of the T4, surface.

Unit E resting upon Unit D, which in turn rests on Unit B at the base of the trench.

A few scraps of bone were observed in the backdirt but none was observed in the
trench.

Top half of this trench was extensively disturbed by rodents; a few large boulders were
observed in the lower half of the trench in association with gravel beds.

Zone

Horizon

Depth (cm) Description

A

0-10 Dark grayish brown (10YR 4/3, m) sandy loam, very friable, weak
medium subangular blocky structure, clear smooth boundary, violently
effervescent; Unit E.

10-40 Dark grayish brown (10YR 4/3 to 4/2, m) sandy loam, friable, moderate
coarse subangular blocky structure, diffuse smooth boundary, violently
effervescent., few (1-3%) coarse fragments throughout, extensively
bioturbated; Unit E.

40-160 Dark grayish brown (10YR 4/2, m) loamy sand, very friable to loose,
weak coarse subangular blocky structure to single grain, diffuse smooth
boundary, violently effervescent, few (1-3%) coarse fragments, common
krotovina; Unit E.

160-190 Yellowish brown (10YR 5/4, m) loam to silt loam, very friable, moderate
fine subangular blocky structure, abrupt smooth boundary, violently
effervescent. Few (1-3%) calcium carbonate filaments; Unit E.

190-200 Dark grayish brown (10YR 4/2, m) gravelly loamy sand, very friable to
loose, single grain, abrupt smooth boundary, violently effervescent, 50-
60% coarse fragments, a few isolated boulders were observed
associated with this otherwise thin gravelly bed away from the measured
section; Unit E.

2Ab

200-215 Very dark grayish brown (10YR 3/2, m) loam to silt loam, friable,
moderate fine prismatic structure, abrupt smooth boundary, violently
effervescent, few (1-3%) calcium carbonate filaments; Unit D.

2AC

215-220 Very dark grayish brown (10YR 3/2, m) gravelly silt loam, friable,
massive, abrupt smooth boundary, violently effervescent; Unit D.

2Ab

220-270 Very dark grayish brown (10YR 3/2, m) silt loam, friable, moderate fine
prismatic structure parting to moderate fine subangular blocky structure,
gradual smooth boundary, violently effervescent; Unit D.

3Bw

270-290+ Strong brown (7.5YR 4/6, m) loamy sand, very friable, massive, violently
effervescent, few 1-3% calcium carbonate filaments; Unit B.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:

Geologic Units:

0230525E

TRENCH 14

3900000N

Trench was placed on the T4, surface at rear of the floodplain.
Holocene colluvium resting upon a buried soil formed within what is suspected to be

Unit B.

Cultural material:  None observed.

Comments: None.

Zone | Horizon Depth (cm) Description

1 A 0-33 Dark brown (7.5YR 3/2, m) loamy sand, very friable, weak medium
subangular blocky structure, very friable, clear smooth boundary,
violently effervescent, few (1-2%) coarse fragments; Qc.

2 A 33-70 Dark brown (7.5YR 3/2, m) slightly gravelly sandy loam, friable, weak
coarse subangular blocky structure, gradual smooth boundary, violently
effervescent, common (7-10%) coarse fragments; Qc.

3 Bw 70-230 Brown (7.5Y 4/3, m) sandy loam, very friable, weak coarse prismatic
structure, clear smooth boundary, violently effervescent, few (1%)
calcium carbonate filaments, common (7-10%) coarse fragments
scattered throughout; Qc.

4 2Akb 230-250 Brown (10YR 4/3, m) silt loam, friable, moderate to strong coarse
prismatic structure, violently effervescent, common (3-5%) calcium
carbonate filaments; Unit B.
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

Comments:

TRENCH 15

0230488E 3900091N

Units E, D and B.
None observed.

Trench was placed across the To-T4 scarp and encountered considerable stratigraphic
complexity (see long wall drawing). No depths are listed here as the description is not

from a vertical co

lumn.

Zone

Horizon

Depth (cm)

Description

A

Brown (7.5YR 4/3) sandy loam, very friable, weak medium subangular
blocky structure, abrupt smooth boundary, violently effervescent.

C

Gravelly loamy sand (hard to determine color), loose, single grain, abrupt
discontinuous boundary, violently effervescent, 40-60% coarse
fragments.

Ab

Brown (7.5YR 4/2) loam to sandy loam, friable, moderate fine prismatic
structure, abrupt smooth boundary, violently effervescent, few (1-3%)
coarse fragments.

Very gravelly fine sand (hard to determine color), loose, single grain,
abrupt smooth boundary, violently effervescent, 80% coarse fragments,
mostly 1-4 mm reworked caliche nodules.

Akb

Very dark gray (10YR 3/1) silt loam, friable, strong medium prismatic
structure, diffuse smooth boundary, violently effervescent, 5-7% calcium
carbonate filaments, few thin discontinuous calcium carbonate coats on
ped faces, few (1-3%) coarse fragments.

Akb

Dark brown (7.5YR 3/2) silt loam to silty clay loam, hard, strong very
coarse prismatic structure, diffuse smooth boundary, violently
effervescent, 1% calcium carbonate filaments, few (1-5%) coarse
fragments.

Bw

Brown (7.5YR 5/4) silt loam, friable, moderate coarse prismatic structure,
clear smooth boundary, violently effervescent, few (1-3%) coarse
fragments scattered throughout.

7a

Ab

Brown (7.5YR 4/3) silty clay, extremely hard, strong fine prismatic
structure, gradual smooth boundary, violently effervescent.

7b

Bk

Brown (7.5YR 4/4) silt loam, friable, strong extremely coarse prismatic
structure, abrupt smooth boundary, 5-7% calcium carbonate filaments,
common faint discontinuous calcium carbonate coats on ped faces.

Ab

Very dark grayish brown (10YR 3/2) to dark brown (7.5YR 3/2) sandy
clay, friable strong fine columnar structure, abrupt smooth boundary,
violently effervescent, 15-20% granules throughout zone.

White (~10YR8/1) very gravelly sand, loose, single grain, abrupt smooth
boundary, violently effervescent, ~60% coarse fragments, laminated with
graded beds.

10

Akb

Brown (7.5YR 4/3) sandy loam, friable, weak very coarse prismatic
structure, gradual smooth boundary, violently effervescent, 1-3% calcium
carbonate filaments, few faint white discontinuous calcium carbonate
coats on ped faces.

11

Brown (7.5YR 4/3) loamy sand, loose, single grain, abrupt smooth
boundary, violently effervescent.

12

Brownish yellow (10YR 6/6) sandy gravel to gravelly loamy sand, loose,
single grain, abrupt wavy boundary, violently effervescent, 40-80%
coarse fragments.

13

Brown (7.5YR 5/4) loamy sand, very friable to loose, single grain, abrupt
smooth boundary, violently effervescent, laminated.

14

White (~10YR 8/1) sand, loose, single grain, violently effervescent,
laminated.
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Bureau of Land Management

Location:
Geologic

Units:

Cultural material:

Comments:

TRENCH 16

0230488E 3900091N

Unit B with a drape of younger sandy sediment (Unit E?)

Two burned rocks were observed with ashy soil and charcoal flecks around 2.8-2.9 m
below surface.

Zone

Horizon

Depth (cm) Description

1

A

0-40 Very dark grayish brown (10YR 3/2) sandy loam, friable, moderate
coarse subangular blocky structure, gradual smooth boundary, violently
effervescent, few (1-2%) coarse fragments.

2Bw

40-78 Brown (7.5YR 5/4) sandy loam, friable, weak to moderate medium
subangular blocky structure, gradual smooth boundary, violently
effervescent, few (1%) calcium carbonate filaments, few (1-2%) coarse
fragments.

3Ab

78-130 Brown (7.5YR 4/3) sandy loam to loam, friable, weak coarse subangular
blocky structure, gradual smooth boundary, violently effervescent, few
(1-3%) coarse fragments, a very faint and weakly developed A horizon.

3Bk

130-240 Brown (7.5YR 4/4) loam, friable, weak to moderate medium prismatic
structure parting to strong fine angular blocky structure, clear smooth
boundary, violently effervescent, 5-7% calcium carbonate filaments, few
faint discontinuous calcium carbonate coats on ped faces, few (1-3%)
coarse fragments.

3Bk

240-253 Strong brown (7.5YR 4/6) loam, friable, weak to moderate medium
prismatic structure parting to moderate to strong fine angular blocky
structure, clear smooth boundary, violently effervescent, 5% calcium
carbonate filaments, few faint discontinuous calcium carbonate coats on
ped faces, few (3-5%) coarse fragments.

4Akb

253-300 Brown (7.5YR 4/4) loam to silt loam, friable, moderate medium
subangular blocky structure, violently effervescent, few (3%) calcium
carbonate filaments, possibly a week A horizon, two burned rocks were
found between 280-290 cm, and this zone also contained flecks of
charcoal and had an ashy feel in places.
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

Comments:

0230437E

TRENCH 17A

3900678N

Thin veneer of late Holocene sediment resting upon Unit B

Two levels of burned rock appear to be present in this trench, one around 35 cm below
surface, and another around 52-60 cm.

This trench is situated immediately west of the pavilion, adjacent to the point where the
hike and bike trail crosses over the terrace scarp down to the channel of West Amarillo
Creek. It was situated here on the basis of a shallowly buried hearth cropping out in the
cutbank exposure.

Zone

Horizon

Depth (cm)

Description

A

0-65

Very dark gray to very dark grayish brown (10YR 3/1 to 10YR 3/2) sandy
loam to loam, massive to moderate medium subangular blocky structure,
gradual to abrupt smooth boundary, violently effervescent, violently
effervescent, two levels of burned rock were observed in this zone, one
at about 35 cm, which was same as the hearth exposed on cutbank, and
another around 52-60 cm.

2AB

65-72

Brown (7.5YR 5/4) slightly gravelly to gravelly loam, friable, massive to
weak coarse subangular blocky structure, abrupt smooth boundary,
violently effervescent, 14-40% coarse fragments, mostly fine (1-3 mm)
gravels and granules.

2Bw

72-107

Strong brown (7.5YR 5/6) to brown (7.5YR 5/4) sandy clay loam, firm,
strong coarse prismatic structure parting to strong coarse subangular
blocky structure, abrupt smooth boundary, violently effervescent.

3Ab

107-174

Brown (7.5YR 4/3) loam to silt loam, very friable, moderate medium
prismatic structure, clear smooth boundary, violently effervescent.

3Bk

174-224

Brown (7.5YR 4.5/4) sandy loam, firm, weak coarse subangular blocky
structure, abrupt smooth boundary, violently effervescent, few (5%)
calcium carbonate filaments).

3C

205-210

Brown (7.5YR 5/4) gravelly sand, very friable to loose, single grain,
abrupt discontinuous boundary, violently effervescent, 50-60% coarse
fragments, discontinuous gravel bed.

3C

224-240

Brown (7.5YR 5/4) very gravelly silt loam, friable, massive, abrupt
smooth boundary, violently effervescent, many (70%) coarse fragments,
mostly 1-2 cm subrounded reworked caliche fragments.

4Ab

240-265

Brown (7.5YR 4/4) silt loam, very friable, weak coarse prismatic
structure, clear smooth boundary, violently effervescent, few (1%)
calcium carbonate filaments, few (1%) coarse fragments.

4Bk

265-310+

Brown (7.5YR 5/4) loam to silt loam, very friable, weak coarse prismatic
structure, violently effervescent, many (15%) calcium carbonate
filaments, few (2%) coarse fragments.
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Bureau of Land Management

Location:
Geologic

Units:

Cultural material:

Comments:

0230483E

TRENCH 17B

3900031N

Thin veneer of late Holocene alluvium (Unit E?) over Unit B.

Possible cultural deposit was observed around 259 cm in zone 7, consisting of ashy
soil, and charcoal.

Zone

Horizon

Depth (cm)

Description

1

A

0-45

Very dark grayish brown (10YR 3/2) loam, friable, strong coarse
subangular blocky structure, gradual smooth boundary, violently
effervescent, common krotovina.

2Bw

45-82

Brown (7.5YR 5/4) loam to sandy loam, very friable, weak very coarse
prismatic structure, abrupt smooth boundary, violently effervescent, few
krotovina.

3Ab

82-120

Brown (7.5YR 4/3) loam to silt loam, friable, moderate to strong coarse
subangular blocky structure, diffuse smooth boundary, violently
effervescent, few thin discontinuous coats of calcium carbonate on ped
faces, few (5-10%) coarse fragments.

3AB

120-170

Brown (7.5YR 4/3) loamy sand to sandy loam, very friable, weak medium
to coarse subangular blocky structure, gradual smooth boundary,
violently effervescent, few thin discontinuous coats of calcium carbonate
on ped faces.

3C

170-216

Brown (7.5YR 5/4) loamy sand, very friable, weak coarse prismatic
structure, abrupt smooth boundary, violently effervescent, a thin,
discontinuous gravel stringer was present around 195-200 cm.

3C

216-255

Brown (7.5YR 4/4) slightly gravelly loam, very friable, massive, abrupt
smooth boundary, abrupt smooth boundary, violently effervescent, few
(1-3%) calcium carbonate filaments, 10-20% coarse fragments, few thin
discontinuous gravel stringers.

4Ab

255-280*

Brown (7.5YR 5/4) loam to silt loam, very friable, weak to moderate
medium prismatic structure parting to weak medium subangular blocky
structure, violently effervescent, 5-7% calcium carbonate filaments,
several charcoal fragments were observed, and soil has an ashy feel.
No cultural objects were observed, although an anthrogenic component
is suspected here.
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

Comments:

0230428E

TRENCH 18

3900666N

Unit E overlying Unit C

a scatter of burned rock was observed at the interface of the two deposits, and was
thought in the field to be in Unit C, but radiocarbon dating of material from the cultural
deposit clearly indicates that this material is in Unit E (430 * 40 years B.P., Beta-

238318)

Depths are not listed as the descriptions relate to a long wall drawing.

Zone

Horizon

Depth (cm)

Description

1

A1

Very dark brown (10YR 2/2) loam, very friable, weak fine to medium
subangular blocky structure, clear smooth boundary, violently
effervescent, contains a discontinuous thin bed (to a scatter) of coal
fragments within the top 20 cm, excluding coal this zone has < 2%
coarse fragments.

A2

Dark brown (10YR 3/3) loam, very friable, massive, clear to gradual
smooth boundary, violently effervescent, violently effervescent, < 2%
coarse fragments, significantly bioturbated.

Brown (10YR 4/3) loamy sand, loose to very friable, massive, abrupt
smooth boundary, violently effervescent, several large krotovina.

Brown (7.5YR 4/4) slightly gravelly loam, very friable, weak fine
subangular blocky structure, abrupt smooth boundary, violently
effervescent, 15-25% coarse fragments, this is a colluvial bed at rear of
the Unit E deposit, adjacent to Unit B.

2Ab

Very dark gray to very dark grayish brown (10YR 3/1 to 10YR 3/2) loam
to silt loam, very friable, moderate fine to medium prismatic structure,
clear smooth boundary, violently effervescent, few (1%) calcium
carbonate filaments.

2C

Brown (10YR 4.5/4) loam, friable to very friable, weak coarse subangular
blocky structure, abrupt broken boundary, violently effervescent, many
large krotovina.

2C

Brown (7.5YR 4/3) slightly gravelly loam to silt loam, friable, weak to
moderate coarse subangular blocky structure, abrupt smooth boundary,
violently effervescent, few (1-2%) calcium carbonate filaments, this is a
colluvial bed that, like zone 4, is situated at the rear of the Ty surface,
and pinches out a short distance from the Unit B exposure at the east
end of this trench.

2C

Black (N 2/0) loamy sand, very friable, massive to weak fine subangular
blocky structure, clear smooth boundary, violently effervescent, broad
gently concave burned zone that extends almost entire length of the Unit
E exposure in this trench (more than 6 m).

3Bk1

Yellowish brown (10YR 5/4) to brown (7.5YR 5/4) loam to silt loam, very
friable, weak to moderate medium to coarse subangular blocky structure,
abrupt smooth boundary, violently effervescent, truncated Unit B, hints of
bedding in places, common 0.5 cm faint light olive brown (2.5Y 5/6)
mottles, abundant diffuse calcium carbonate, many (10-15%) calcium
carbonate filaments, marl, with a few burned rocks situated within 10 cm
of the interface; a radiocarbon date from this cultural material yielded an
age of 430 * 40 years B.P., Beta-238318, suggesting that the cultural
material was deposited on the eroded top of Unit C, and has been
integrated into it by pedoturbation.

10

3Bk2

Brown (7.5YR 5/4) to strong brown (7.5YR 4/6) slightly gravelly silt loam,
friable, moderate medium subangular blocky structure, violently
effervescent, common (5-7%) calcium carbonate filaments; this deposit,
which is unit B, was not described in detail here as Trench 17ais only a
few meters away.
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Bureau of Land Management

Location:
Geologic Units:

Cultural material:

Comments:

TRENCH 19

0230467E 3900711N

Thin veneer of Unit E on top of Unit D

Two apparent occupations, one around 118 cm and another slightly deeper, around
130-134 cm.

Most of this is a cumulic soil, formed from fine grained alluvium.

Zone

Horizon

Depth (cm) Description

1

A

0-56 Very dark gray to very dark grayish brown (10YR 3/1.5) sandy loam, very
friable, weak medium subangular blocky structure, clear smooth
boundary, violently effervescent; Unit E.

2Ab

56-82 Very dark grayish brown (10YR 3/2) loam, friable, moderate medium
coarse prismatic structure, clear smooth boundary, violently
effervescent; Unit E.

2AC

82-105 Dark brown (10YR 3/3) loamy sand, very friable, weak medium
subangular blocky structure, abrupt smooth boundary, violently
effervescent; Unit E.

3Ab

105-135 Very dark grayish brown (10YR 3/2) slightly gravelly to gravelly loam,
friable, moderate fine prismatic structure, abrupt smooth boundary,
violently effervescent, 5-20% coarse fragments, two prehistoric
occupations appear to be present in this zone, one at ~118 cm and a
second around 130-134 cm, a bulk sediment sample collected near the
top of this zone at 125-127 cm was radiocarbon dated and yielded an
age of 1390 * 40 years B.P. (Beta-237026) ; Unit D.

4Ab

135-150 Very dark gray (10YR 3/1) loam to silt loam, friable, moderate to strong
coarse prismatic structure, abrupt smooth boundary, violently
effervescent; Unit D.

4Ab

150-174 Very dark grayish brown (10YR 3/2) slightly gravelly to gravelly loam,
firm, moderate to strong medium prismatic structure, abrupt smooth
boundary, violently effervescent, common (3-5%) calcium carbonate
filaments, 15-30% coarse fragments; Unit D.

4Ab

174-260 Very dark grayish brown (10YR 3/2) silty clay loam, friable, strong fine
subangular blocky structure, violently effervescent, 1-5% coarse
fragments, common (3-5%) calcium carbonate filaments; Unit D.
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic

Units:

Cultural material:

Commen

ts:

TRENCH 20

0230488E 3900719N
Unit E resting on top of Unit D
None within the recorded section, but there were several bones observed within this

long trench.

Zone

Horizon

Depth (cm)

Description

1

Cc

0-10

Very pale brown (10YR 7/4) loamy sand, loose, single grain, abrupt
smooth boundary, violently effervescent, approximately 10% coarse
fragments, introduced fill derived from Pleistocene or older alluvium.

2Ab

10-25

Dark brown (10YR 3/3) sandy loam, very friable, weak medium
subangular blocky structure, gradual smooth boundary, violently
effervescent, <3% coarse fragments; Unit E.

3Ab

Between
zones 2 and 4

Very dark grayish brown (10YR 3/2) to brown (10YR 4/2) sandy loam,
friable, weak to moderate subangular blocky structure, abrupt smooth
boundary, violently effervescent, <3% coarse fragments, zone pinches
out within the trench, being thickest at northwest end closest to the
stream channel; Unit E.

3AC

25-60

Very dark grayish brown (10YR 3/2) sandy loam, very friable, massive,
clear smooth boundary, violently effervescent; Unit E.

4Ab

60-85

Very dark gray to very dark grayish brown (10YR 3/1 to 10YR 3/2) loam,
friable, moderate to strong coarse subangular blocky structure, clear
smooth boundary, violently effervescent; Unit E.

4AC

85-105

Dark brown (10YR 3/3) loam, friable, moderate coarse subangular
blocky structure, abrupt smooth boundary, violently effervescent, <2%
coarse fragments; Unit E.

5Ab1

105-160

Very dark grayish brown (10YR 3/2) silty clay loam, firm, moderate to
strong coarse prismatic structure, gradual smooth boundary, violently
effervescent, few (1-3%) calcium carbonate filaments, 3-5% coarse
fragments; Unit D.

5Ab2

160-215

Very dark grayish brown (10YR 3/2) silty clay loam, firm, strong coarse
prismatic structure, clear smooth boundary, violently effervescent, many
(5-10%) calcium carbonate filaments, few (1%) coarse fragments, a bulk
sediment sample collected from 180 cm within this trench yielded an age
of 1210 % 40 years B.P. (Beta-237022); Unit D.

5Ab3

215-270

Very dark grayish brown (10YR 3/2) silty clay loam, firm, strong coarse
prismatic structure parting to strong fine angular blocky structure,
violently effervescent, few to common (1-5%) calcium carbonate
filaments, 3% coarse fragments, a bulk sediment sample collected from
240 cm within this trench yielded an age of 1840 + 40 years B.P.
(Beta237023) ; Unit D.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:
Geologic

Units:

Cultural material:
Comments:

0230450E

TRENCH 21

3900629N

Unit B resting upon Unit A.

None observed.

Two radiocarbon dates were obtained from this trench, one, a bulk sediment sample
from 145-148 cm (zone 5), which yielded an age of 10,590 * 40 years B.P. (Beta-
238320) which appears to date the early phase of Unit B deposition in a floodplain
facies. The second age was also obtained from a bulk sample within the A horizon at
271-274 cm (zone 7) and yielded an age of 10,850 * 50 years B.P. (Beta-238319)
which is a maximum age for the deposition of Unit A.

Zone

Horizon

Depth (cm)

Description

A

0-30

Very dark brown (10YR 2/2) sandy loam, very friable, massive to weak
fine subangular blocky structure, abrupt smooth boundary, violently
effervescent; Unit E?

2Bt

30-60

Brown (7.5YR 4/3) clay, firm to very firm, strong coarse prismatic
structure, clear smooth boundary, strongly effervescent, few (1-5%)
coarse fragments; Unit B.

2Btk1

60-90

Brown (7.5YR 4/3) clay, very firm, strong coarse prismatic structure,
gradual smooth boundary, strongly effervescent, common to many (5-
7%) calcium carbonate filaments, few (3%) irregular shaped white 7-12
mm calcium carbonate nodules; Unit B.

2Btk2

90-120

Brown (7.5YR 4/3 to 4/2) silty clay, firm, strong fine angular blocky
structure, diffuse smooth boundary, violently effervescent, many (10-
15%) calcium carbonate filaments, common (5-7%) irregular shaped
white 7-12 mm calcium carbonate nodules; Unit B.

2Bk

120-185

Brown (7.5YR 4/3) silt loam, friable, moderate fine subangular blocky
structure, abrupt smooth boundary, violently effervescent, many (15-
20%) calcium carbonate filaments; Unit B.

3Akb1

185-230

Dark brown (7.5YR 3/2) silt loam, friable, moderate to strong medium to
coarse prismatic structure, clear smooth boundary, violently
effervescent, few (2%) calcium carbonate filaments (although dry sample
may exhibit more), 3% coarse fragments, mostly fine gravel sized
fragments of reworked Ogallala caliche, few thin black manganese coats
lining pores; Unit A.

3Akb2

230-270

Very dark brown (10YR 2/2) silty clay, friable, moderate to strong
medium to fine prismatic structure, violently effervescent, many (15%)
calcium carbonate filaments, few thin black manganese coats lining
pores; Unit A.
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Appendix A
Backhoe Trench Descriptions

Location:

Geologic Units:
Cultural material:
Comments:

0230407E

TRENCH 22

3900614N

Unit E resting upon Unit D.
Few scattered burned rock were observed between 45 and 55 cm.
Upper 1.2 m appeared to be extensively pedoturbated.

Zone

Horizon

Depth (cm)

Description

1

A

0-28

Very dark grayish brown (10YR 3/2) sandy loam, very friable, massive,
clear smooth boundary, violently effervescent, 1% coarse fragments;
Unit E.

AC

28-65

Dark grayish brown (10YR 4/2) sandy loam, very friable, weak medium
to fine subangular blocky structure, clear smooth boundary, violently
effervescent, <3% coarse fragments, few large krotovina, few burned
rocks scattered between 45 and 55 cm; Unit E.

2Ab

65-90

Very dark grayish brown (10YR 3/2) sandy loam, very friable, moderate
medium prismatic structure, abrupt to clear smooth boundary, violently
effervescent, <3% coarse fragments, common large krotovina, few
burned rocks scattered between 45 and 55 cm; Unit E.

2AC

90-115

Brown (10YR 4/3) loam, very friable, weak to moderate prismatic
structure, clear smooth boundary, violently effervescent, <3% coarse
fragments, common large krotovina; Unit E.

3Ab

115-155

Dark grayish brown (10YR 4/2) sandy loam, friable, massive, abrupt
smooth boundary, violently effervescent, 5-15 % coarse fragments; Unit
D

3C

155-170

Dark grayish brown (10YR 4/2) gravelly sandy loam, friable, massive to
single grain (depending upon moisture), abrupt smooth boundary,
violently effervescent, 30-70% coarse fragments; Unit D.

4AC

170-190

Brown (10YR 5/3) loam, friable, massive, abrupt wavy boundary,
violently effervescent, ~5% coarse fragments; Unit D.

4C

190-215

White to brown (10YR 8/1 to 10YR 5/3) very gravelly loamy sand, loose
to very friable, single grain, abrupt smooth boundary, violently
effervescent, ~70% coarse fragments; Unit D.

4C

215-227

Very dark gray (10YR 3/1) silty clay and light yellowish brown (10YR 6/4)
sand interlaminated, friable to loose, massive, abrupt smooth boundary,
violently effervescent, 1-3% coarse fragments, mostly in sands; Unit D.

10

5Agb

227-285

Black (10YR 2/1) clay, firm, strong very coarse prismatic structure,
abrupt smooth boundary, violently effervescent, numerous fine (1-3mm)
gravels throughout (~3% coarse fragments), few to common aquatic
snails and bivalves; Unit D.

11

5Cg

285-300

Dark gray-very dark gray (10YR 3.5/1) loam to sandy clay, friable,
moderate medium prismatic structure, violently effervescent, few (3%)
fine gravel sized fragments of reworked caliche throughout; Unit D.
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Bureau of Land Management

Location:
Geologic Units:

Cultural material:

Comments:

0230563E

TRENCH 23

3901216N

Unit E (?) resting upon Unit B.

Two zones of cultural material were apparent in the trench, one around 39-42 cm, and a
second between 75 and 77 cm.

This trench is within the confines of Site 41PT185, Locus B.

Zone

Horizon

Depth (cm)

Description

1

A

0-30

Very dark grayish brown (10YR 3/2) to dark brown (7.5YR 3/2) sandy
loam, very friable, weak fine to medium subangular blocky structure,
diffuse smooth boundary, violently effervescent; Unit E?

AC

30-55

Brown (7.5YR 4/3) loamy sand to sandy loam, very friable, weak medium
subangular blocky structure to massive, abrupt smooth to wavy
boundary, violently effervescent, few scattered burned rocks between 39
and 42 cm; Unit E?

2Ab

55-100

Dark grayish brown to very dark grayish brown (10YR 3.5/2) silty clay
loam, very firm, strong extremely coarse prismatic structure, gradual
smooth boundary, violently effervescent, 1-3% coarse fragments, few
scattered burned rocks between 75 and 77 cm; Unit B.

2Bw

100-170

Brown (7.5YR 5/4) loam, friable, moderate medium prismatic structure,
clear smooth boundary, violently effervescent, 3-5% coarse fragments;
Unit B.

3Ab

170-200

Brown (7.5YR 4/3) loam to silt loam, friable, moderate medium
subangular blocky structure, violently effervescent, 3-5% coarse
fragments, very weak a horizon; Unit B.
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

Comments:

0230600E

TRENCH 24

3901219N

Unit E (?) resting upon Unit B, which in turn rests upon an unidentified deposit, possibly
Unit A, or an older, yet unidentified deposit.

None observed.

This trench is within the confines of Site 41PT185, Locus B. Zone 8, 9 and 11 are the
very margin of a channel deposit that was present east of this trench, which was
inferred from dramatic litho logical changes from one trench wall to the other.

Zone

Horizon

Depth (cm)

Description

A

0-37

Very dark grayish brown (10YR 3/2) sandy loam, very friable, weak fine
to medium subangular blocky structure, clear smooth boundary, violently
effervescent; Unit E?

AC1

37-60

Very dark grayish brown (10YR 3/2) sandy loam, friable, weak coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent; Unit E?

AC2

60-92

Brown (10YR 4/3) loam, friable, moderate medium to coarse subangular
blocky structure, diffuse smooth boundary, violently effervescent, Unit B.

AC3

92-115

Brown (7.5YR 4/3 to 5/3) loam, friable, weak coarse subangular blocky
structure, abrupt smooth boundary, violently effervescent, 1% coarse
fragments; Unit B?

2Akb

115-148

Brown (7.5YR 4/3) clay to silty clay, firm, strong coarse prismatic
structure, gradual smooth boundary, violently effervescent, common
medium prominent white irregular shaped calcium carbonate nodules,
common faint thin clay films on ped faces; former Btk horizon over
printed with an A horizon; Unit A or older deposit.

2Bk

148-180

Light yellowish brown (10YR 6/4) loam, friable, strong coarse prismatic
structure, gradual smooth boundary, violently effervescent, abundant
diffuse calcium carbonate, common (20%) 0.5-1 cm diameter prominent
white, irregular calcium carbonate nodules; Unit A or older deposit.

2Bkg

180-230

Brown (7.5YR 5/4) loam, friable, moderate medium subangular blocky
structure, gradual smooth boundary, violently effervescent, 5-10%
calcium carbonate filaments, common faint gray (2.5Y 6/1) redox
depletions; Unit A or older deposit.

2Bkg

230-265

Light yellowish brown (10YR 6/4) loam, very friable, moderate medium
subangular blocky structure, abrupt smooth boundary, violently
effervescent, common (5-7%) calcium carbonate filaments, common faint
gray (2.5Y 6/1) redox depletions; Unit A or older deposit.

2C

265-270

Light gray (2.5Y 7/2) sand, loose, single grain, abrupt smooth boundary,
violently effervescent; Unit A or older deposit.

10

2Ckg

270-280

Light olive brown-light yellowish brown (2.5Y 5.5/3) loamy sand, very
friable, massive to weak coarse subangular blocky structure, abrupt
smooth boundary, violently effervescent, few (1-5%) calcium carbonate
filaments, few fine faint gray (2.5Y 7/2) redox depletions; Unit A or older
deposit.

11

2C

280-300

Light gray (2.5Y 7/2) sand, loose, single grain, violently effervescent, few
coarse prominent black (N 2/0) manganese haloes (hypocoats) around
pores and channels, few coarse brownish yellow (10YR 6/8) cylindrical
mottles which are lined by manganese hypocoats.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:
Geologic Units:
Cultural material:

Comments:

0230566E
Unit E.

TRENCH 25

3901163N

A burned rock and a bone were recovered from zone 9, but they appeared to be very

isolated.

This deposit is on the leading edge of the Ty surface, and exposes a deposit that
appears to be entirely Unit E, as there are no significant breaks in the column. The
channel deposit represented by the lowest 3 zones was a channel that was offset from
the modern channel by about 20-30 m, which suggests the channel location has shifted
slightly throughout the period of Unit E deposition.

Zone

Horizon

Depth (cm)

Description

A

0-40

Very dark grayish brown (10YR 3/2) sandy loam, very friable, weak
medium subangular blocky structure to massive, clear smooth
boundary, violently effervescent, 5% coarse fragments; Unit E.

AC

40-55

Brown (10YR 4/3) sandy loam, loose to very friable, single grain to
weak coarse subangular blocky structure, clear smooth boundary,
violently effervescent, 5% coarse fragments; Unit E.

55-65

Brown (10YR 4/3) gravelly sand, loose, single grain, abrupt
discontinuous boundary, violently effervescent, 20-40% coarse
fragments, appears to be one (but possibly two) flood deposits; Unit E.

2Ab

65-90

Very dark grayish brown (10YR 3/2) loam to sandy clay, friable,
moderate medium prismatic structure, clear smooth boundary, violently
effervescent, 7-20% coarse fragments; Unit E.

2C

90-122

Brown (10YR 4/3) loamy sand, very friable, massive, clear smooth
boundary, violently effervescent, <10% coarse fragments; Unit E.

2C

122-145

Brown (10YR 4/3) sandy loam to slightly gravelly sandy loam, loose to
very friable, weak coarse subangular blocky structure, clear smooth
boundary, violently effervescent, 5-25% coarse fragments; Unit E.

2C

145-172

Yellowish brown (10YR 5/4) loam, friable, weak very coarse
subangular blocky structure, clear smooth boundary, violently
effervescent, few (1%) calcium carbonate filaments, <5% coarse
fragments; Unit E.

2C

172-200

Yellowish brown (10YR 5/4) sandy loam to loam, friable, weak coarse
subangular blocky structure, clear smooth boundary, violently
effervescent, few (1%) calcium carbonate filaments, 5-20% coarse
fragments; Unit E.

2C

200-240

Brown (10YR 5/3) sandy loam, friable, massive, abrupt smooth
boundary, violently effervescent, common (3-5%) calcium carbonate
filaments, <1% coarse fragments; Unit E.

10a

2C

240-270

Grayish brown (10YR 5/2) sandy loam, very friable, massive, abrupt
smooth boundary, violently effervescent, few (1-3%) calcium carbonate
filaments, interbedded with zone 10b; Unit E.

10b

2C

240-270

Pale brown (10YR 6/3) loamy sand to sand, very friable, massive,
abrupt smooth boundary, violently effervescent, few (1-3%) calcium
carbonate filaments, entire suite of deposits (10a and 10b) dip slightly
away from (to the west of) the then active channel, which was located
immediately east of this trench; Unit E.

11

2C

270-290

White (10YR 8/1) sandy gravel, loose, single grain, violently
effervescent, >90% coarse fragments most of which are reworked
caliche with a small amount (~20%) reworked Triassic mud balls and
sandstone fragments.
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic

Units:

Cultural material:
Comments:

TRENCH 26

0230550E 3901127N

A drape of Unit E resting upon Unit D.

None obvious.

Depths are not listed owing to major lateral variation within the trench. Refer to the long
wall drawing for the relative location of each zone. There is a sloping unconformity in
the middle of this trench that is mantled with large rocks (boulders) which derive from
the Triassic sandstone outcrop on the other side of the channel. It is hard to envision
how these rocks got here without human assistance, but no evidence of cultural
material was apparent within this deposit despite very slow excavation. At the very
least this exposure suggests that there was some complexity to the deposition of Unit D.

Zone

Horizon

Depth (cm) Description

A

-- Black (10YR 2/1) sandy loam, very friable, moderate medium
subangular blocky structure, clear smooth boundary, violently
effervescent, <3% calcium carbonate filaments; Unit E.

AC

-- Very dark grayish brown (10YR 3/2) slightly gravelly sandy loam, very
friable to loose, weak coarse subangular blocky structure, clear
smooth boundary, violently effervescent, 5-15% coarse fragments;
Unit E.

-- Very dark grayish brown (10YR 3/2) to brown (10YR 4/3) slightly
gravelly loam, loose, single grain, abrupt smooth boundary, violently
effervescent, 30-40% coarse fragments; Unit E.

AC

-- Brown (10YR 4/3) loam, friable, moderate coarse subangular blocky
structure, abrupt smooth boundary, violently effervescent, few (1%)
calcium carbonate filaments, <1% coarse fragments; Unit E.

2Ab

-- Very dark gray(10YR 3/1) silty clay, friable, strong very coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent, few (1%) calcium carbonate filaments, few (1-7%)
coarse fragments mostly fine gravel and granules throughout, few
fine red mudballs of reworked Triassic muds, few fine faint reddish
brown (5Y 5/4) mottles, aquatic invertebrates (snails and bivalves)
throughout; Unit D.

3C

-- Dark reddish brown (5YE 3/4) and pale olive (5Y 6/1) flaggy rubble,
loose, structureless, abrupt smooth boundary, zone consists of large
20-50+ cm diameter slabs of Triassic sandstone, mudstone and
Ogallala caliche that armor an inclined unconformity within the Unit D
deposit. This looks anthrogenic but we could find no cultural material
associated with it.

4Ab1

-- Dark grayish brown (10YR 4/2) silty clay, friable, moderate coarse
subangular blocky structure, clear smooth boundary, violently
effervescent, common to many (7-10%) calcium carbonate filaments,
few aquatic mollusks throughout; Unit D.

4Ab2

- Very dark gray (10YR 3/1) silty clay, friable, strong coarse subangular
blocky parting to strong fine subangular blocky structure, violently
effervescent, common (7%) calcium carbonate filaments, few aquatic
mollusks throughout; Unit D.
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Location:
Geologic Units:

Cultural material:

Comments:

0230584E

TRENCH 27

3901129N

Unit E resting unconformably upon Unit B, which sits upon a truncated remnant of a
much older deposit, possibly Unit A.

A scatter of burned rock was observed within zone 2 at a depth of approximately 70 cm,
and a radiocarbon date obtained from this material yielded an age of 2640 * 40 years
B.P. (Beta-238312). A bone fragment recovered from 145 cm within zone 6 yielded an
age of 2940 * 40 years B.P. (Beta-238313) but this conflicts with other, stratigraphically
consistent ages from this deposit (which is Early Holocene) and therefore this second
age is considered erroneous and is rejected as accurate for the age of this deposit.

Zone

Horizon

Depth (cm)

Description

1

A

0-55

Very dark grayish brown (10YR 3/2) sandy loam, very friable, weak
medium subangular blocky structure, clear smooth boundary,
violently effervescent, many krotovina, <1% coarse fragments; Unit
E

AB

55-75

Dark brown (10YR 3/3/) loam, friable, moderate very coarse
subangular blocky structure, clear smooth boundary, violently
effervescent, 1% coarse fragments, few pieces of scattered burned
rock were observed within this zone, and vestiges of a possible
hearth was observed out of context on the bench within this trench, a
radiocarbon sample from this occupation debris yielded an age of
2640 * 40 years B.P. (Beta-238312); Unit E.

2Bw

75-95

Brown (7.5YR 4/4) loam, friable to firm, strong coarse prismatic
structure, clear smooth boundary, violently effervescent, few (1-3%)
calcium carbonate filaments, few very faint discontinuous white
calcium carbonate coats on ped faces; Unit B.

3Akb

95-117

Brown (7.5YR 4/3) silty clay loam, friable to firm, strong medium
prismatic structure, gradual smooth boundary, violently effervescent,
common to many (5-7%) calcium carbonate filaments, possibly a few
very small incipient calcium carbonate nodules, Unit B.

3Bk

117-144

Brown (7.5YR 5/4) loam to silty clay loam, firm, strong coarse to
medium subangular blocky structure, clear smooth boundary,
violently effervescent, common to many (5-7%) calcium carbonate
filaments, few to common (3-5%) 5-7 mm diameter irregular shaped
white calcium carbonate nodules, Unit B.

4Akb

144-160

Brown (7.5YR 4/3) loam, friable, moderate medium subangular
blocky structure, clear smooth boundary, violently effervescent, few
(3%) calcium carbonate filaments, faint A horizon; Unit B. A bone
fragment recovered from 145 cm within zone 6 yielded an age of
2940 * 40 years B.P. (Beta-238313).

4ACkb

160-185

Brown (7.5YR 4/3) loam, friable, moderate medium subangular
blocky structure, gradual smooth boundary, violently effervescent,
few (3%) calcium carbonate filaments; Unit B.

4Bk

185-210

Brown (7.5YR 4/4) sandy loam, very friable, moderate to strong
coarse subangular blocky structure, clear smooth boundary, violently
effervescent, common to many (5-7%) calcium carbonate filaments;
Unit B.

4Bk

210-260

Light brown (7.5YR 6/4) loamy sand, very friable, moderate medium
subangular blocky structure, violently effervescent, many (7-15%)
calcium carbonate filaments, common (5-7%) large (1-1.5 cm)
irregular shaped white calcium carbonate nodules, abundant diffuse
calcium carbonate; Unit A?.
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

Comments:

0230566E

TRENCH 28

3901142N

Unit E, although it is possible the bottom 3 zones of this trench may be Unit C, based
upon the yellow mottling that was observed in only a few places in the valley, most
notably in Trench 40 within the base of Unit C.

Bones that occur in zone

Sands at the base of this trench are part of a channel that begins to crop out within the
trench about 2 m east of the place this vertical profile was described.

Zone

Horizon

Depth (cm)

Description

A1

0-23

Black (10YR 2/1) sandy loam, very friable, massive, abrupt smooth
boundary, violently effervescent, 3-5% coarse fragments, many
krotovina; Unit E.

A2

23-32

Very dark grayish brown (10YR 3/2) sandy loam, loose, single grin,
abrupt smooth boundary, violently effervescent, several bison bone
fragments were observed within this zone; bed gradually thickens
towards the modern channel (to the west), 7-15% coarse fragments; Unit
E

2Ab

32-60

Very dark brown (10YR 2/2) sandy loam, very friable, weak coarse
subangular blocky structure, clear smooth boundary, violently
effervescent, 3-5% coarse fragments, numerous krotovina; Unit E.

2AC

60-110

Very dark grayish brown (10YR 3/2) clay loam, friable, moderate coarse
subangular blocky structure, clear smooth boundary, violently
effervescent, few (2-3%) calcium carbonate filaments, 7-10% coarse
fragments most of which are dispersed throughout but there is one fairly
clear stringer around 80 cm; Unit E.

2AC

110-125

Very dark grayish brown (10YR 3/2) slightly gravelly sandy clay, friable,
moderate very coarse prismatic structure, abrupt smooth boundary,
violently effervescent, common (3-5%) calcium carbonate filaments, 20-
30% coarse fragments most of which are reworked caliche nodules but
there are a few green sandstone slabs; Unit E.

2ACg

125-155

Brown (10YR 4/3) sandy clay loam to clay, friable, moderate coarse
subangular blocky structure, diffuse smooth boundary, violently
effervescent, few to common (3-5%) calcium carbonate filaments, few
medium faint brownish yellow(10YR 6/6) mottles; Unit E.

2Cg

155-190

Yellowish brown (10YR 5/6) loam to sandy clay loam, friable, moderate
coarse subangular blocky structure, diffuse smooth boundary, violently
effervescent, few (3%) calcium carbonate filaments, <1 % coarse
fragments, zone looks yellow in the field; Unit E or Unit C.

3ACg

190-215

Very dark grayish brown-dark grayish brown (10YR 3.5/2) loam, friable,
moderate to strong coarse subangular blocky structure, clear smooth
boundary, violently effervescent, 7-15% coarse fragments, common
medium distinct gray to light brownish gray (2.5Y 6/1 to 6/2) redox
depletions; Unit E or Unit C.

3Cg

215-240

Light gray (2.5Y 7/2) loamy sand, very friable, weak to moderate coarse
subangular blocky structure, violently effervescent, few fine faint
yellowish brown (10YR 5/8) mottles lining pores; Unit E or Unit C.
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Location:

Geologic Units:
Cultural material:

Comments:

0230546E
Unit E

TRENCH 29

3901158N

One possible occupation around 45 cm which contained numerous bison bones. No
clear cultural material observed.

Like Trench 25, the lowest deposits in this trench respect a channel situated east of the
modern channel, just east of this trench, which suggests that the position of the channel
of West Amarillo Creek has shifted slightly during the period of Unit E deposition.

Zone

Horizon

Depth (cm)

Description

A

0-35

Very dark gray (10YR 3/1) loam, very friable, moderate coarse to fine
subangular blocky structure, clear smooth boundary, violently
effervescent, 5% coarse fragments; Unit E

35-58

Brown (10YR 4/3) sandy loam, very friable, weak coarse subangular
blocky structure, abrupt smooth boundary, violently effervescent, 5-15%
coarse fragments; Unit E.

50-54

Brown (10YR 4/3) gravelly loamy sand, very friable to loose, single grain,
abrupt discontinuous boundary, violently effervescent, 40-70% coarse
fragments, comprises one clear thin gravelly bed which pinches out
within the trench and clearly originated from the modern channel, but
there is at least one other, more diffuse gravelly bed within zone 2; Unit
E

2Ab

58-77

Very dark grayish brown (10YR 3/2) loam to sandy clay loam, friable,
moderate very coarse prismatic structure, clear smooth boundary,
violently effervescent, 7-10% coarse fragments; Unit E.

2C

77-110

Brown (10YR 4/3) gravelly sandy loam, friable, massive, gradual smooth
boundary, violently effervescent, 45-60% coarse fragments; Unit E.

2C

110-148

Brown (10YR 4/3) slightly gravelly sandy loam, friable, massive, abrupt
smooth boundary, violently effervescent, 30% coarse fragments; Unit E.

2C

148-200

Brown (10YR 4/3) sandy loam, very friable, weak coarse subangular
blocky structure, abrupt smooth boundary, violently effervescent, few
(1%) calcium carbonate filaments, 5% coarse fragments, mostly <1 cm
in diameter and dispersed throughout zone; Unit E.

2C

200-270

Brown (10YR 5/3) sandy loam, very friable, massive to weak very coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent, 1-3% calcium carbonate filaments, zone 9 and 10 are
alternately bedded in this interval and represent near channel overbank
sediments; Unit E.

2C

200-270

Pale brown (10YR 6/3) sand to loamy sand, very friable, massive, abrupt
smooth boundary, violently effervescent, 1-3% calcium carbonate
filaments, zone 9 and 10 are alternately bedded in this interval; Unit E.
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

Comments:

0230572E

TRENCH 30

3901113N

Unit E resting upon Unit B.
Two apparent occupations within the sandy veneer on top of Unit B, one at 49-57 cm,
and a second between 70 and 73 cm.

Zone

Horizon

Depth (cm)

Description

1

A

0-60

Very dark gray (10YR 3/2) loam, friable to very friable, moderate medium
to fine subangular blocky structure, clear smooth boundary, violently
effervescent, 1-3% coarse fragments, one possible occupation around
49-59 cm represented by a few burned rock and debitage fragments;
Unit E.

AB

60-74

Dark brown (10YR 3/3) loam to sandy clay loam, friable, moderate
medium subangular blocky structure, clear smooth boundary, violently
effervescent, few (1-7%) calcium carbonate filaments which occur in
conspicuous small patches, 1-5% coarse fragments, scatter of burned
rock and debitage suggest the presence of an occupation around 70-73
cm; Unit E (but transitional to Unit B).

2Bw

74-101

Brown (7.5YR 4/4) sandy clay loam, friable, moderate to strong coarse
prismatic structure, abrupt smooth boundary, violently effervescent; Unit
B

3Ab

101-116

Brown (7.5YR 4/4 to 4/3) sandy clay, friable to firm, strong medium to
coarse prismatic structure, clear smooth boundary, violently
effervescent, appears visibly darker in field and may be a faint, weakly
developed A horizon; Unit B.

3Bk

116-140

Yellowish brown (7.5YR 5/4) sandy clay to sandy clay loam, firm, strong
coarse subangular blocky structure, abrupt smooth boundary, violently
effervescent, few to common (3-5%) calcium carbonate filaments, few
(1-3%) small to medium (3-7mm) irregular shaped white calcium
carbonate nodules; Unit B.

4Akb

140-170

Brown (7.5YR 4/3) loam to sandy clay loam, friable, moderate coarse
subangular blocky structure, gradual smooth boundary, violently
effervescent, common (5-7% calcium carbonate filaments, few (1-3%)
small to medium (3-7mm) irregular shaped white calcium carbonate
nodules in the top 10 cm of this zone; Unit B.

4Bk

170-190

Yellowish brown (7.5YR 5/4) loam, friable, weak coarse subangular
blocky structure, violently effervescent, 5% calcium carbonate filaments
and appears to have more diffuse carbonate; Unit B.

Location:
Geologic Units:

Cultural material:

Comments:

0230598E

TRENCH 31

3901167N

Unit E resting upon Unit B.
Numerous prehistoric artifacts were observed within the top 50 cm of this trench.
This trench was not described.
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Location:

Geologic Units:
Cultural material:

Comments:

0230571E

TRENCH 32

3901073N

Unit E resting unconformably upon Unit D.

A quartzite cobble and a sandstone slab were observed at the base of zone 2, but no
definite cultural material was observed.

Trench was placed into the Toa surface that forms the core of a tortuous meander in this

location.

Zone

Horizon

Depth (cm)

Description

A1

0-30

Black (10YR 2/1) sandy loam, very friable, weak coarse subangular
blocky structure, diffuse smooth boundary, violently effervescent, few
krotovina; Unit E.

A2

30-85

Very dark brown (10YR 2/2) loamy sand, very friable, massive, abrupt
smooth boundary, violently effervescent, extremely bioturbated, a
quartzite pebble and sandstone slab were observed near the base of
this zone around 82 cm and may be a prehistoric occupation surface;
Unit E.

2Ab1

85-135

Very dark gray (10YR 3/1) slightly gravelly silty clay, friable, moderate to
strong medium subangular blocky structure, clear smooth boundary,
violently effervescent, 5-15% coarse fragments, most of which were
matrix supported small reworked caliche fragments and mudballs of
reworked Triassic, generally 0.5-3 cm in diameter, a few aquatic snails
and bivalves throughout; Unit D.

2Ab2

135-165

Very dark grayish brown (10YR 3/2) silty clay, friable, moderate to strong
medium to coarse prismatic structure, clear smooth boundary, violently
effervescent, common (5-7%) calcium carbonate filaments, few (1%)
coarse fragments, few aquatic snails and bivalves; Unit D.

2Ab3

165-230

Very dark gray (10YR 3/1) slightly gravelly clay to silty clay, friable,
strong medium subangular blocky structure, violently effervescent, few to
common (3-5%) calcium carbonate filaments, 5-10% coarse fragments
throughout, most of which are fine gravel to granule size bits of reworked
Ogallala caliche, traces of charcoal. few aquatic snails and bivalves; Unit
D.
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

Comments:

0230546E

TRENCH 33

3901062N

Three different depositional units are present within this trench. The top 0.9 mis a
veneer of Unit E, which rests upon a 55 cm thick drape of Unit D, which in turns rest
unconformably upon a truncated core of Unit B.

Prehistoric cultural material was observed within Unit D, zone 3 and 4.

None.

Zone

Horizon

Depth (cm)

Description

1

A1

0-30

Black (10YR 2/1) to very dark brown (10YR 2/2) sandy loam, very friable,
weak coarse to medium subangular blocky structure, diffuse smooth
boundary, violently effervescent, numerous krotovina; Unit E.

A2

30-90

Very dark brown to very dark grayish brown (10YR 2.5/2) sandy loam to
loamy sand, very friable, weak to moderate medium subangular blocky
structure, clear smooth boundary, violently effervescent, numerous large
krotovina.

2Ab1

90-145

Very dark grayish brown (10YR 3/2) loam to silty clay loam, friable,
strong extremely coarse prismatic structure, clear smooth boundary,
violently effervescent, few (1-3%) calcium carbonate filaments, 1-3%
coarse fragments; Unit D.

3Akb

145-163

Brown (7.5YR 4/2) to dark brown (7.5YR 3/2) loam, firm, strong medium
prismatic structure, clear smooth boundary, violently effervescent, few
(1-3%) calcium carbonate filaments, 1% coarse fragments, a prehistoric
occupation was observed at the interface of this zone with zone 5 around
138 cm; Unit D or Unit B.

3Bk

163-194

Brown (7.5YR 5/4) loam, friable, strong extremely coarse prismatic
structure, clear smooth boundary, violently effervescent, common (3-5%)
calcium carbonate filaments, 1% coarse fragments, a burned rock was
observed at approximately 155 cm; Unit D.

4Akb

194-230

Brown (7.5YR 4/3) sandy clay loam, friable, strong medium to coarse
subangular blocky structure, violently effervescent, common (5-7%)
calcium carbonate filaments, 1% coarse fragments, appears to be a
weak A horizon; Unit B.
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Location:
Geologic Units:

Cultural material:

Comments:

TRENCH 34

0230552E 3901031 N

A thin drape of Units E/D on top of Unit B.

One prominent prehistoric occupation around 70 cm below surface.

This trench is one of the few places where a channel deposit associated with Unit B has
been observed. Many of the upper strata dip slightly to the east, toward the modern
stream channel.

Zone

Horizon

Depth (cm) | Description

A1

0-40 Very dark brown (10YR 2/2) sandy loam, very friable, weak to moderate
subangular blocky structure, diffuse smooth boundary, violently
effervescent; Unit E.

A2

40-70 Dark brown (10YR 3/2) loam to sandy loam, friable, moderate to strong
coarse subangular blocky structure, clear smooth boundary, violently
effervescent, numerous krotovina1-3% coarse fragments; Unit E.

2Bw

70-100 Brown (7.5YR 4/4) loam, very friable, moderate coarse subangular
blocky structure, abrupt irregular boundary, violently effervescent, 1-3%
coarse fragments, a prehistoric occupation is present at the very top of
this zone, and consists primarily of a burned rock scatter, although at
least three features were present within the wall of this trench; Unit B

2C

100-120 Brown (7.5YR 4/4)gravelly sandy loam, very friable, weak coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent, 40-60% coarse fragments, mostly 1-5mm gravels, few
slightly larges, all caliche; Unit B.

2C

120-160 White (~10YR 8/1) gravel, loose, single grain, abrupt smooth boundary,
violently effervescent, open framework gravel, fining upward, ranging
from 3-5 cm diameter clasts at base and grading upwards to mostly 1-3
mm diameter clasts at top, also contains a few reworked burned rock
and quartzite pebbles; Unit B.

2C

160-165 Strong brown (7.5YR 4/6) slightly gravelly to gravelly sand, very friable to
loose, moderate to strong coarse prismatic structure, abrupt smooth
boundary, violently effervescent, 30-70% coarse fragments, most of
which are 1-5mm reworked caliche nodules, common (5-7%) calcium
carbonate filaments; Unit B.

2C

165-185 Strong brown (7.5YR 4/6) slightly gravelly sand, very friable, weak
coarse prismatic structure, abrupt smooth boundary, violently
effervescent, ~30% coarse fragments mostly fine gravel sized reworked
caliche, common (5-7%) calcium carbonate filaments; Unit B

3Akb

185-200 Brown (7.5YR 4/3 to 4/2) sandy loam, friable, moderate to strong coarse
prismatic structure, violently effervescent, common (5-7%) calcium
carbonate filaments, weakly expressed A horizon; Unit B
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Appendix A
Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

TRENCH 35

TRENCH DATA LOST

TRENCH 36

0230567E 3900999N
Unit E inset into Unit D.
None observed.

Comments: This was the longest continuous section of Unit D observed during fieldwork, and was
more than 4 m thick, where beveled and overlain by Unit E. The trench also exposed a
continuous and superimposed suite of Unit D channel complexes which were sampled
by a series of monoliths. Depths are associated with two measured sections, one
through Unit E at east end of the trench, and a second through the thickest part of Unit
D, which starts at ~160 cmbs. A bison skeleton was observed within the deposits in
approximately the position of zones 18-21, although it was not present in the wall where
this measured section was made. The codes in the depth column below the depth for
zones 10 to 44 are the stratigraphic designations for those strata in the monoliths.

Zone | Horizon Depth (cm) Description

1 A 0-30 Very dark grayish brown (10YR 3/2, sandy loam, very friable to loose,
massive to weak medium to fine subangular blocky structure, gradual
smooth boundary, violently effervescent; Unit E.

2 AC 30-60 Dark brown to brown (10YR 3.5/3) loamy sand, very friable, weak very
coarse subangular blocky structure, clear smooth boundary, violently
effervescent, 1-3% coarse fragments; Unit E.

3 C 60-72 Yellowish brown (10YR 5/4) loamy sand, very friable, weak to moderate
fine subangular blocky structure, abrupt smooth boundary, violently
effervescent, 3-5% coarse fragments; Unit E.

4 2Ab 72-95 Very dark grayish brown (10YR 3/2) loam, very friable, weak to moderate
coarse subangular blocky structure, clear smooth boundary, violently
effervescent, few (1-3%) calcium carbonate filaments, 7-15% coarse
fragments, one prominent but discontinuous stringer of gravel near 75
cm; Unit E.

5 2C 95-117 Dark brown to brown (10YR 3.5/3) sandy loam, very friable, weak coarse
subangular blocky structure, clear smooth boundary, violently
effervescent, few (1-3%) calcium carbonate filaments, 5-7% coarse
fragments; Unit E.

6 2C 117-130 White (~10YR 8/1) to very pale brown (10YR 7/3) sandy gravel, loose,
single grain, abrupt discontinuous boundary, violently effervescent, 90%
coarse fragments; Unit E.

7 2Bk 130-180 Brown (10YR 4/3) loam to sandy loam, very friable, moderate coarse
subangular blocky structure, gradual smooth boundary, violently
effervescent, many (7%) calcium carbonate filaments, 5-7% coarse
fragments, two bison bones were observed around 145-150 cm; Unit E.

8 2Bk 180-220 Brown (10YR 4/3) loam, very friable, weak to moderate coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent, violently effervescent, 2-5% calcium carbonate filaments;
Unit E.

9 2Cgqg 220-270 Very pale brown (10YR 7/3) sand, loose, single grain, abrupt smooth
boundary, violently effervescent, prominently laminated; Unit E.

10 3C 160-167 Pale brown (10YR 6/3) sandy gravel, abrupt smooth boundary, violently

M6-1 effervescent; Unit D.
11 3C 167-192 Dark gray (10YR 4/1) silt loam to loam, clear smooth boundary, violently
M6-2 effervescent, 1-3% calcium carbonate filaments, few scattered gravels,
few aquatic snails; Unit D.
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Zone | Horizon Depth (cm) Description
12 3C 192-201 Pale brown (10YR 6/3) sandy loam, abrupt smooth boundary, violently
M6-3 effervescent, subtle horizontal laminations; Unit D.
13 3C 201-205 Very dark gray (10YR 3/1) silty clay, abrupt smooth boundary, violently
M6-4 effervescent; Unit D.
14 3C 205-209 Light gray (2.5Y 7/1) loam (marl?), abrupt wavy boundary, many tiny
M6-5 aquatic snails, possibly some diatomaceous laminae; Unit D.
15 3C 209-220 Dark gray (10YR 4/1) to very dark gray (10YR 3/1) loam to clay loam,
M6-6 abrupt smooth boundary, violently effervescent, common aquatic snails
M5-1 and mussels; Unit D.
16 3C 220-221 Pale brown (10YR 6/3) sand, abrupt smooth boundary, violently
M5-2 effervescent, laminated; Unit D.
17 3C 221-232 Very dark gray (10YR 3/1) clay, clear smooth boundary, violently
M5-3 effervescent, common charcoal fragments within this zone, one of which
(at 224 cm) was radiocarbon dated and yielded an age of 860+40 years
BP (Beta-239635); Unit D
18 3C 232-237 Gray (10YR 5/1) sandy loam, clear smooth boundary, violently
M5-4 effervescent; Unit D.
19 3C 237-288 Very dark gray (10YR 3/1) clay to clay loam, moderate to strong coarse
M5-5 subangular blocky structure, abrupt smooth boundary, common (5-7%)
M4-1 calcium carbonate filaments, numerous tiny (<1mm) snails, a piece of
charcoal from 277 cm was submitted for radiocarbon dating and yielded
an age of 750 * 40 years B.P. (Beta-239652); Unit D.
20 3C 288-294 Dark gray to gray (10YR 4/1 to 5/1) loam, massive, abrupt wavy
M4-2 boundary, violently effervescent, 1-3% coarse fragments, few
(reworked?) small clams; Unit D.
21 3C 294-302 Black to very dark gray (10YR 2/1 to 3/1) clay, strong medium to coarse
M4-3 angular blocky structure, abrupt smooth boundary, violently effervescent,
1% calcium carbonate filaments; Unit D.
22 3C 302-303 Gray (10YR 5/1) sand parting, abrupt smooth, violently effervescent,
M4-4 prominent break in clay bed; Unit D.
23 3C 303-319 Dark gray (10YR 4/1) clay loam, abrupt smooth boundary, violently
M4-5 effervescent; Unit D.
M3-1
24 3C 319-320 Light brownish gray (10YR 6/2) fine sand, abrupt smooth boundary,
M3-2 violently effervescent, prominent parting in thicker clay bed; Unit D.
25 3C 320-329 Very dark gray (10YR 3/1) clay, strong coarse angular blocky structure,
M3-3 abrupt smooth boundary, violently effervescent, massive clay with
prominent tendency to crack, a bulk sediment sample from this zone was
radiocarbon dated and yielded an age of 1430 * 40 years B.P. (Beta-
239651); Unit D
26 3C 329-330 Light brownish gray (10YR 6/2) fine sand, abrupt smooth boundary,
violently effervescent, prominent parting in thicker clay bed; Unit D.
27 3C 330-339 White (10YR 7/1) sandy gravel, abrupt smooth boundary, violently
M3-4 effervescent, gravels are mostly 0.5-3 mm; Unit D.
28 3C 339-350 Very dark gray (10YR 3/1) clay, strong coarse angular blocky structure,
M3-5 clear smooth boundary, violently effervescent, possibly laminated; Unit D
29 3Cg 350-360 Gray (10YR 5/1) sandy loam, abrupt smooth boundary, violently
M3-6 effervescent, common fine (1-3mm) distinct reddish yellow (7.5YR 6/6)
mottles around pores; Unit D
30 3Cgqg 360-408 Olive gray (5Y 5/2) sand, interdigitated with zone 31, part of a channel
z.12 column | body, very friable, abrupt smooth boundary, violently effervescent; Unit
D.
31 3Cg 360-408 Dark gray (5Y 4/1) sandy loam, very friable, abrupt smooth boundary,
z.13 column violently effervescent, occasional charcoal fragments, common aquatic
mollusks; Unit
32 3Cg 408-413 Light brownish gray (10YR 6/2), clear wavy boundary, violently
M2-1 effervescent, common fine (1-3mm) distinct reddish yellow (7.5YR 6/6)

mottles around pores; Unit D.
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Backhoe Trench Descriptions

Zone | Horizon Depth (cm) Description
33 3Cg 413-447 Light brownish gray (10YR 6/2) sand, abrupt irregular boundary, violently
M2-2a effervescent, intimately interbedded with zone 33, both of which exhibit
contorted bedding and appear disturbed; Unit D.
34 3Cg 413-447 Gray (10YR 5/1) loam to silty clay loam, clear smooth boundary, violently
M2-2b effervescent, common fine (1-3 mm) distinct reddish yellow (7.5YR 6/6)
mottles around pores, common small pieces of charcoal throughout; Unit
D.
35 3Cg 447-450 Dark gray (10YR 4/1) silty clay to clay, strong very fine subangular
M2-3 blocky structure, abrupt irregular boundary, violently effervescent,
appears to contain some wood fragments; Unit D.
36 3Cgqg 450-460 Light brownish gray (10YR 6/2) to pale brown (10YR 6/3) sand to sandy
M2-4 loam, clear smooth boundary, violently effervescent; Unit D.
M1-1
37 3Cg 460-472 Dark gray (10YR 4/1) loam, clear smooth boundary, violently
M1-2 effervescent; Unit D.
38 3Cgqg 472-484 Grayish brown (10YR 5/2) slightly gravelly sandy loam, abrupt smooth
M1-3 boundary, violently effervescent, bottom half of zone is laminated and
includes small bivalves; Unit D.
39 3Cgqg 484-486 Dark gray (10YR 4/1) clay, friable, abrupt smooth boundary, violently
M1-4 effervescent; Unit D.
40 3Cg 486-487 Light brownish gray (10YR 6/2) sand, loose, abrupt smooth boundary,
M1-5 violently effervescent; Unit D.
41 3Cgqg 487-490 Dark gray (10YR 4/1) silty clay, friable, abrupt smooth boundary,
M1-6 violently effervescent, horizontally laminated; Unit D.
42 3Cgqg 490-494 Light brownish gray (2.5Y 6/2) loam, weak fine platy structure, clear
M1-7 smooth boundary, violently effervescent, seems carbonate rich and
possibly is a marl, prominent horizontal laminations; Unit D.
43 3Cg 494-498 Dark gray (10YR 4/1) silty clay, friable, abrupt smooth boundary,
M1-8 violently effervescent, horizontally laminated, few white laminations
(either marl or diatomite), a bulk sediment sample collected from this
zone was submitted for radiocarbon dating but the results are not yet
available; Unit D.
44 3Cg 498-506 White (10YR 8/1) sand, loose, violently effervescent, few fine (1-3 mm)
M1-9 distinct reddish yellow (7.5YR 6/6) mottles around pores, Unit D
660 Technical Report No. 150832 T TRC




Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Location:
Geologic Units:

Cultural material:

Comments:

TRENCH 37

0230474E 3900957N

Holocene colluvium (Qc; undifferentiated) resting upon Unit B.

None observed.

Trench is located on a colluvial slope near the margin of the alluvial valley.

Zone

Horizon

Depth (cm) | Description

1

A

0-30 Brown (7.5YR 5/3) slightly gravelly to gravelly loam, very friable, weak
medium subangular blocky structure, clear smooth boundary, violently
effervescent, 15-35% coarse fragments which are mostly 1-3 cm
diameter reworked Ogallala caliche fragments, and a few (5-10%)
quartzite pebbles (composition is similar for all Qc deposits in this
trench); Qc.

30-67 Brown (7.5YR 5/4) slightly gravelly to gravelly loam, very friable, weak
medium subangular blocky structure, abrupt smooth boundary, violently
effervescent, few to common (1-5%) calcium carbonate filaments, 15-
35% coarse fragments; Qc

2Ab

67-72 Brown (7.5YR 4/3) slightly gravelly to gravelly loam, very friable, weak
medium subangular blocky structure, abrupt smooth boundary, violently
effervescent, few to common (1-5%) calcium carbonate filaments, 15-
35% coarse fragments; Qc

2C

72-110 Brown (7.5YR 5/4) slightly gravelly to gravelly loam, very friable, weak
medium subangular blocky structure, clear smooth boundary, violently
effervescent, few to common (1-5%) calcium carbonate filaments, 15-
35% coarse fragments; Qc

3Ab

110-118 Brown (7.5YR 4/3) slightly gravelly to gravelly loam, very friable, weak
medium subangular blocky structure, clear smooth boundary, violently
effervescent, few to common (1-5%) calcium carbonate filaments, 15-
35% coarse fragments; Qc.

3C

118-155 Brown (7.5YR 4/3) slightly gravelly to gravelly loam, very friable, weak
medium subangular blocky structure, gradual smooth boundary, violently
effervescent, few to common (1-5%) calcium carbonate filaments, 15-
35% coarse fragments; Qc.

4AC

155-190 Brown (7.5YR 4/2) slightly gravelly loam, very friable, weak coarse
subangular blocky structure, gradual smooth boundary, violently
effervescent, 7-25% coarse fragments; Qc/Unit B transition.

5Akb

190-240 Dark brown (7.5YR 3/2) sandy clay, very friable, moderate medium to
coarse subangular blocky structure, gradual smooth boundary, violently
effervescent, common (3-5%) calcium carbonate filaments, few thin
discontinuous coats of calcium carbonate on ped faces; Unit B.

5Bk

240-300+ Yellowish red (5YR 4.5/6) sandy clay loam, friable, moderate to strong
medium to coarse subangular blocky structure, violently effervescent,
common to many (5-7%) calcium carbonate filaments; Unit B.
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Backhoe Trench Descriptions

Location:

Geologic Units:
Cultural material:
Comments:

0230425E

TRENCH 38

3900964N

Pliocene Ogallala Formation resting unconformably upon the Triassic Trujillo Formation.

None.

Trench was excavated to examine the geologic context of the quartzite gravel that crops
out in mid-slope positions in various areas of the valley. The trench revealed that these
quartzite gravels are basal Ogallala Formation, and rest directly upon the Trujillo
Formation mudstones.

Zone

Horizon

Depth (cm)

Description

A

0-10

Yellowish brown (10YR 5/4) loamy sand, very friable, massive to weak
medium subangular blocky structure, clear smooth boundary, violently
effervescent; soil formed on Ogallala Formation.

Bk

10-70

Light reddish brown-reddish yellow (5YR 6/5) slightly gravelly to gravelly
loamy sand, loose, single grain, abrupt smooth boundary, violently
effervescent, common 0.5-2 cm irregular shaped calcium carbonate
nodules (possibly dissolving), 15-60% coarse fragments; this is the fill of
a karstic solution pit formed into the calcrete developed within the
Ogallala Formation.

K1

5-20

White (N 8/1) massive calcrete sandy gravel conglomerate, extremely
hard, massive structure, abrupt smooth boundary, violently effervescent,
>70% calcium carbonate; Ogallala Formation.

K2

20-70

White (N 8/1) massive calcrete sandy gravel conglomerate, extremely
hard, massive, abrupt wavy boundary, violently effervescent, 60-90%
coarse fragments, some of the gravel clasts appear to be imbricated
toward the southeast, gravel is mostly siliceous (quartzitic) well-rounded
and mostly 2-3 cm in diameter although a few are upwards of 15 cm;
Ogallala Formation.

K3

70-90

Very dark gray (N 3/0) massive calcrete, sandy fine gravel conglomerate,
extremely hard, weak very thin, platy structure in places, abrupt smooth
boundary, violently effervescent, nearly all gravels are completely coated
with manganese oxide, gravels are siliceous (like zone 4 and 6); Ogallala
Formation.

K4

90-135

White (N 8/1) massive calcrete sandy gravel conglomerate, extremely
hard, massive, abrupt wavy boundary, violently effervescent, 60-90%
coarse fragments, some of the gravel clasts appear to be imbricated
toward the southeast, gravel is mostly siliceous (quartzitic) well-rounded
and mostly 2-3 cm in diameter although a few are upwards of 15 cm,
very thin laminar calcrete in the top few mm of this zone; Ogallala
Formation.

K5

135-142

White (N 8/1) laminar calcrete, nearly completely calcium carbonate,
extremely hard, strong thin to very thin platy structure, abrupt wavy
boundary, violently effervescent; occurs at the interface between the
Ogallala and Trujillo Formations.

2Bkssg

142-240

Reddish brown (5YR 4/4) clay, extremely hard, strong extremely coarse
wedge structure parting to strong fine wedge structure, violently
effervescent, many thick (1-2 mm) continuous white coats of calcium
carbonate on ped faces in top 50 cm of zone, few coarse prominent light
greenish gray (5GY 7/1) mottles on ped faces, common prominent black
(N 2/0) coats on ped faces, few 0.5-1.5 cm calcium carbonate nodules in
the top 20 cm of this zone; Trujillo Formation.
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Location:
Geologic Units:

Cultural material:

Comments:

0230468E

TRENCH 39

3900900N

Unit E resting unconformably upon Unit D.

None observed.

none

Zone

Horizon

Depth (cm)

Description

1

AC

0-50

Brown (10YR 4/3) sandy loam, very friable, weak medium subangular
blocky structure, clear smooth boundary, violently effervescent, 3-5%
coarse fragments; Unit E.

2Ab

50-65

Very dark grayish brown (10YR 3/2) loam, very friable, moderate
medium subangular blocky structure, clear smooth boundary, violently
effervescent; Unit E.

2AC

65-135

Dark grayish brown (10YR 4/2) sandy loam, friable, weak to moderate
coarse subangular blocky structure, abrupt smooth boundary, violently
effervescent; Unit E.

3Ab

135-195

Dark gray (10YR 4/1) silty clay, friable, moderate fine to medium
subangular blocky structure, clear smooth boundary, violently
effervescent, 5% calcium carbonate filaments, 2-3% coarse fragments;
Unit D.

3AC

195-210

Brown (10YR 4/3) loam to sandy loam, friable, weak to moderate coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent, 1-3% calcium carbonate filaments, 1-3% coarse fragments;
Unit D.

4Ab

210-260

Black (10YR 2/1) to very dark gray (10YR 3/1) sandy clay, friable, strong
very coarse subangular blocky structure, violently effervescent, 1-2%
calcium carbonate filaments, hints of bedding, few faintly visible 1-2 cm
thick sandier beds; Unit D.
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Backhoe Trench Descriptions

Location:
Geologic

Units:

Cultural material:
Comments:

TRENCH 40

0230484E 3900851N

Thin drape of Unit E and possibly Unit D on top of Unit C

None observed

This is the most complete section of Unit C observed in the valley. Zones 5, 6, 7 and 8
appear to be freshwater marl, or at least have significantly elevated amounts of diffuse
calcium carbonate.

Zone

Horizon

Depth (cm) Description

A

0-40 Very dark grayish brown (10YR 3/2) sandy loam, very friable, weak
medium subangular block structure, clear smooth boundary, violently
effervescent; Unit E.

AC

40-85 Dark grayish brown (10YR 4/2) loamy sand, very friable, weak very
coarse subangular blocky structure, abrupt smooth boundary, violently
effervescent; Unit E.

2Ab

85-150 Very dark grayish brown (10YR 3/2) loam, friable, moderate medium
subangular blocky structure, diffuse smooth boundary, violently
effervescent, 3% calcium carbonate filaments; Unit D?

2AB

150-180 Very dark grayish brown-dark grayish brown (10YR 3.5/2) loam to silt
loam, friable, moderate medium subangular blocky structure, clear
smooth boundary, violently effervescent, few (1-3%) calcium carbonate
filaments, Unit D?

3Ck

180-210 Brown (10YR 5/3) loam (marl?), friable, weak medium subangular blocky
structure, gradual smooth boundary, violently effervescent, abundant
diffuse calcium carbonate, many (15-25%) calcium carbonate filaments,
<1% coarse fragments; Unit C.

4Ak

210-245 Dark grayish brown (10YR 4/2) loam, friable, moderate to strong
subangular blocky structure, clear smooth boundary, violently
effervescent, many (10-15%) calcium carbonate filaments, abundant
diffuse calcium carbonate, few fine faint light brownish gray (10YR 6/2)
redox depletions, weak A horizon, a bulk sample of which collected from
the top of the zone at 210-215 cm yielded an age of 2250 * 40 years
B.P. (Beta-238310); Unit C.

4Bk

245-280 Brown (7.5YR 5/4) loam, friable, weak to moderate very coarse
subangular blocky structure, gradual smooth boundary, violently
effervescent, many (15-25%) calcium carbonate filaments, abundant
diffuse calcium carbonate, few articulated bivalves; Unit C.

4Bk

280-330 Dark grayish brown (10YR 4/2) sandy loam to loam, friable, weak
medium subangular blocky structure, clear smooth boundary, violently
effervescent, many (7-10%) calcium carbonate filaments, 3-10% coarse
fragments, few articulated bivalves; Unit C.

4Cgqg

330-342 Brown (7.5YR 5/3) slightly gravelly loam, very friable, weak coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent, 30-50% coarse fragments most of which are fine gravel
size reworked caliche clasts, common medium to coarse light olive gray
(5Y 6/2) cylindrical redox depletions; Unit C.

10

4Cgqg

342-363 Yellowish brown (10YR 5/8) sandy loam, friable, weak very coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent, looks yellow in the field, few fine faint light brownish gray
(10YR 6/2) cylindrical redox depletions; Unit C.

11

4C

363-371 Brown (7.5YR 5/3) slightly gravelly loam, very friable, weak coarse
subangular blocky structure, abrupt smooth boundary, violently
effervescent, 30-50% coarse fragments most of which are fine gravel
size reworked caliche clasts; Unit C.
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Zone

Horizon

Depth (cm)

Description

12

4C

371-420

Brown (7.5YR 5/4) loam, friable, moderate to strong coarse subangular
blocky structure, clear smooth boundary, violently effervescent, few (1-
3%) calcium carbonate filaments, few fine faint light brownish gray
(10YR 6/2) cylindrical redox depletions; Unit C.

13

4C

420-445

Very pale brown (10YR 7/3) sand, loose, single grain, abrupt smooth
boundary, violently effervescent; Unit C.

14

5AC

445-458

Brown (10YR 5/3) sandy loam, friable, weak very coarse prismatic
structure, abrupt smooth boundary, violently effervescent, possibly a
weak A horizon, a bulk sample of which was radiocarbon dated and
yielded an age of 4330 * 40 years B.P. (Beta-238311); Unit C.

15

5C

458-470

Very pale brown (10YR 7/3) slightly gravelly sand, loose, single grain,
abrupt smooth boundary, violently effervescent, 20-40% coarse
fragments; Unit C.

16

6AC

470-480+

Brown (10YR 5/3) loam, very friable, weak coarse prismatic structure,
violently effervescent; Unit C.

Location:

Geologic Units:
Cultural material:
Comments:

0230482E

None observed.
Not described.

TRENCH 41

3900810N
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Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

Comments:

0230494E

TRENCH 42

3900771N

Thin veneer (0.5 m) of Unit E on top of Unit B

None observed.

This trench was excavated to the maximum reach of the backhoe in an attempt to reach
the base of Unit B, but this was unsuccessful, and the trench was terminated at 4.5 m.

Zone

Horizon

Depth (cm)

Description

1

A

0-44

Very dark grayish brown (10YR 3/2) sandy loam, very friable, weak
medium subangular blocky structure, abrupt smooth boundary, violently
effervescent, 3-5% coarse fragments; Unit E.

2Ab

44-85

Black (7.5YR 2.5/1) sandy clay to clay loam, very hard, strong very
coarse prismatic structure parting to strong coarse angular blocky
structure, clear smooth boundary, violently effervescent, 1-3% coarse
fragments; Unit B.

2Bw

85-110

Brown (7.5YR 4/3) clay, very hard, strong very coarse prismatic structure
parting to strong coarse angular blocky structure, gradual smooth
boundary, violently effervescent, 1-3% coarse fragments; Unit B.

2Bk

110-170

Brown (7.5YR 4/3) clay, very hard, strong very coarse prismatic structure
parting to strong coarse angular blocky structure, clear smooth
boundary, violently effervescent, few (1-3%) calcium carbonate
filaments; Unit B.

3Ab1

170-185

Dark brown (7.5YR 3/3) clay, firm, strong very coarse prismatic structure
parting to strong coarse angular blocky structure, clear smooth
boundary, violently effervescent, few (1-3%) calcium carbonate filaments
(quite coarse ones), 3-5% coarse fragments; Unit B.

3Ab2

185-200

Brown (7.5YR 4/4 to 4/3) silty clay, friable, moderate coarse prismatic
structure, clear smooth boundary, violently effervescent, common to
many (7-10%) calcium carbonate filaments, possibly a few small calcium
carbonate nodules but hard to tell owing to the gravel component, 5-20%
coarse fragments most of which were 1-5 mm in diameter; Unit B.

3Bk

200-280

Brown (7.5YR 4/4) loam to sandy clay, friable, weak to moderate
medium to coarse subangular blocky structure parting to weak to
moderate coarse prismatic structure, clear smooth boundary, violently
effervescent, common (5-7%) calcium carbonate filaments; Unit B.

4Ab

280-294

Strong brown (7.5YR 4/6) silty clay, firm, moderate medium subangular
blocky structure, clear smooth boundary, violently effervescent, common
(5-7%) calcium carbonate filaments, common faint white discontinuous
calcium carbonate coats on ped faces; Unit B.

4C

294-315

Strong brown (7.5YR 4/6) loam, very friable, moderate medium
subangular blocky structure, clear smooth boundary, violently
effervescent, common (3-5%) calcium carbonate filaments; Unit B.

10

4C

315-375

Brown (7.5YR 5/4 to 7.5YR 4/4) loam, friable, moderate medium
subangular blocky structure, clear smooth boundary, violently
effervescent, common (3-5%) calcium carbonate filaments, has a
mottled appearance, possible due to presence of small discontinuous
manganese coats on grains; Unit B.

11

4C

375-410

Brown-strong brown (7.5YR 5/5) sandy loam, very friable, weak to
moderate medium subangular blocky structure, clear smooth boundary,
violently effervescent, few (3%) calcium carbonate filaments; Unit B.

12

4C

410-450

Strong brown (7.5YR 5/6) sandy loam, very friable, weak medium
subangular blocky structure, violently effervescent, few (1-3%) calcium
carbonate filaments, few prominent black (N2/0) thick (3-5 mm)
hypocoats of manganese lining a few channels and pores; Unit B.
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Location:
Geologic Units:

Cultural material:

Comments:

TRENCH 43

0230502E 3900765N

Unit E

None observed

This appears to be all Unit E deposited in a near channel overbank setting.

Zone

Horizon

Depth (cm) | Description

1

A

0-34 Very dark grayish brown (10YR 3/2) sandy loam, very friable, weak
medium subangular blocky structure, abrupt wavy boundary, violently
effervescent, <10% coarse fragments; Unit E.

34-38 Yellowish brown (~10YR 5/4) gravelly sand, very friable, single grain,
abrupt wavy boundary, violently effervescent, 40-70% coarse fragments;
Unit E.

38-70 Brown (10YR 4/3) loamy sand, very friable, weak medium subangular
blocky structure, abrupt smooth boundary, violently effervescent, 1%
coarse fragments; Unit E.

2Ab

70-90 Very dark grayish brown (10YR 3/2) loam, very friable to friable,
moderate medium subangular blocky structure, clear smooth boundary,
violently effervescent, 5-10% coarse fragments; Unit E.

2C

90-120 Dark brown (10YR 3/2) slightly gravelly sandy loam, very friable, weak
medium subangular blocky structure, clear smooth boundary, violently
effervescent, 10-25% coarse fragments mostly 1-3 cm in diameter
scattered throughout; Unit E.

2C

120-130 Brown (10YR 4/3) slightly gravelly to gravelly sandy loam, very friable,
weak medium to coarse subangular blocky structure, abrupt smooth
boundary, violently effervescent, 30-60% coarse fragments; Unit E.

2C

130-142 Dark yellowish brown (10YR 4/4) loam to slightly gravelly loam, friable,
moderate medium subangular blocky structure; abrupt smooth boundary,
violently effervescent, few (1-3%) calcium carbonate filaments, 10-25%
coarse fragments; Unit E.

2C

142-175 Brown (10YR 4/3) loam, very friable, moderate medium subangular
blocky structure; abrupt smooth boundary, violently effervescent, few (1-
3%) calcium carbonate filaments, <1% coarse fragments; Unit E.

2C

175-180 Yellowish brown (~10YR 5/4) extremely gravelly sand, loose, single
grain, abrupt smooth boundary, violently effervescent, 60-90% coarse
fragments; Unit E.

10

2C

180-200 Yellowish brown (10YR 5/4) sand to loamy sand, loose to very friable,
single grain, abrupt smooth boundary, violently effervescent; Unit E.

11

2C

200-217 Brown (10YR 4/3) loam, very friable, weak to moderate medium
subangular blocky structure, abrupt smooth boundary, violently
effervescent, few (1-3%) calcium carbonate filaments; Unit E.

12

3Akb

217-235 Dark grayish brown (10YR 4/2) loam to sandy clay, very friable, weak to
moderate medium subangular blocky structure, clear smooth boundary,
violently effervescent, common (5%) calcium carbonate filaments; Unit
E

13

3C

235-245 Light yellowish brown (10YR 6/4) loamy sand, very friable, massive,
abrupt smooth boundary, violently effervescent; Unit E.

14

3C

245-250 Very pale brown (10YR 7/4) sand, loose, single grain, abrupt smooth
boundary, violently effervescent, <3% coarse fragments; Unit E.

15

3C

250-258 Brown (10YR 4/3) sandy loam, very friable, massive, abrupt smooth
boundary, violently effervescent; Unit E.

16

3C

258-280 Yellowish brown (10YR 5/4) loamy sand, very friable, massive, violently
effervescent; Unit E.
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Backhoe Trench Descriptions

Location:
Geologic Units:

Cultural material:

Comments:

0230471E

TRENCH 44

3899821N

Holocene colluvium (Qc) overlying Unit A, which in turn rests upon the Ogallala

Formation.
None observed

Trench was placed behind and upslope of one of two outcrop exposures of Unit A
observed on the Landis Property, and, unfortunately revealed the upslope end of this

deposit.

Zone

Horizon

Depth (cm)

Description

AC

0-30

Brown (10YR 4/3) slightly gravelly sandy loam, loose to very friable,
massive to weak medium subangular blocky structure, abrupt smooth
boundary, violently effervescent, 10-20% coarse fragments; Qc.

2Ab

30-50

Dark grayish brown (10YR 4/2) slightly gravelly sandy loam, very friable,
weak to moderate medium to coarse subangular blocky structure,
gradual smooth boundary, violently effervescent, 15% coarse fragments,
few worm casts; Qc.

2Bk

50-100

Yellowish brown (10YR 5/4) slightly gravelly sandy loam, very friable,
weak to moderate coarse subangular blocky structure, abrupt smooth
boundary, violently effervescent, 15% coarse fragments, few worm
casts; Qc.

3Akb1

35-80

Very dark brown (10YR 2/2) loam, very friable, moderate extremely
coarse prismatic structure, clear smooth boundary, strongly effervescent,
common (5-7%) calcium carbonate filaments, common thin patchy
calcium carbonate coats on ped faces; Unit A.

3Akb2

80-140

Black (10YR 2/1) loam, very friable, strong extremely coarse prismatic
structure, clear smooth boundary, strongly effervescent, many (7-15%)
calcium carbonate filaments, many thin prominent white calcium
carbonate coats on ped faces, 3% coarse fragments; Unit A.

4Bkm

140-150

White (10YR 8/1) sandstone, extremely firm, massive, gradual irregular
boundary, violently effervescent, petrocalcic horizon formed in sand;
Ogallala Formation.

4Bk

150-180

Light brown (7.5YR 6/4) sand, loose to very friable, massive, abrupt
irregular boundary, violently effervescent, common (5-7%) calcium
carbonate nodules, an unlithified section of the Ogallala Formation.
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Location:
Geologic Units:

Cultural material:

Comments:

TRENCH 45

0230478E 3900071N

Mostly Unit B

None observed.

This was a long trench excavated between two trenches on this surface that appeared
to contain possible cultural material around 2.5 m below the surface.

Zone Horizon

Depth (cm) Description

1 A

0-40 Very dark grayish brown (10YR 3/2) loam to sandy loam, very friable,
weak to moderate medium subangular blocky structure, clear smooth
boundary, violently effervescent, 1% coarse fragments; Unit E and/or
Unit B.

40-70 Brown (7.5YR 4/4) sandy loam, very friable, moderate medium
subangular blocky structure, abrupt smooth boundary, violently
effervescent, 1% coarse fragments; Unit B.

3 2Ab

70-160 Brown (7.5YR 4/3) loam to silt loam, friable, strong medium prismatic
structure, diffuse smooth boundary, violently effervescent, 1-3% coarse
fragments, few (1%) calcium carbonate filaments; Unit B.

4 2Bk

160-210 Brown (7.5YR 4/4) loam to silt loam, friable, moderate medium
subangular blocky structure, abrupt smooth boundary, violently
effervescent, common (5%) calcium carbonate filaments, few faint
discontinuous calcium carbonate coats on ped faces; Unit B.

5 2Bk3

210-300 Brown (7.5YR 4/4) loam to silty clay loam, friable, moderate to strong
fine prismatic structure parting to moderate medium subangular blocky
structure, abrupt smooth boundary, violently effervescent, common (5%)
calcium carbonate filaments, few faint discontinuous calcium carbonate
coats on ped faces, 5-20 % coarse fragments; Unit B.

300-320 Brown (7.5YR 4/4) silt loam, very friable, moderate medium subangular
blocky structure, clear smooth boundary, violently effervescent, few (1-
3%) calcium carbonate filaments, 1% coarse fragments; Unit B.

320-380 Strong brown (7.5YR 4.5/6) sandy loam, very friable, massive, violently
effervescent, few (1%) calcium carbonate filaments; Unit B.

Location:
Geologic Units:

Cultural material:

Comments:

TRENCH 46

Immediately east of BT 40, cutting across the creek channel.

Modern alluvium (Unit F)

A little glass was observed in one deposit. No prehistoric material was observed.
Only drew cross-section, did not describe in detail.
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Artifact Frequency Distribution

Site # 41PT185 Locus A

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+' for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with ™*'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

ebs Test Unit 7 Test Unit 8 Test Unit 9
L |c|s|ener[T[es| [L|B|c|s|en[Br|T|es| [L]B]c|s]cn|BR]Tes

0-10 | 1 3 3

10-20 3 2

2030 | 5 1 11

3040 |1 1 4

40-50 1 4 1 4 11

5060 | 1 1 3 11 4

60-70 11 1 1 7

70-80 27 4 123 2 3

80-90 9 1 #

roraL [gf2] | | [s] | [leofef | [ [us[ | |[efs] [ | [w]1]
Test Unit 10 Test Unit 11 Test Unit 12

cmbs

s |c|s|ener[T[es| [L]B|c|s[en[Br|T|es| [L]B]c|s|cn[Br] TGS

010 |2

1020 |2 1

2030 | 1 1

3040 |3 1 13

40-50 5 1 1

50-60

60-70 3 1

70-80

80-90 7

90-100 1

100-110

110-120 1

120-130 1 1

130-140

roral [afu| [ | [ [ Jafs[ | [of [ ] J[s[r[ [ ] [ ]]

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone
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Artifact Frequency Distribution

Site # 41PT185 Locus A

For each test pit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+' for items
present (per level notes) but not counted. Note counts which include a temporal diagnostic with™'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

Test Unit 13 Test Unit 14 Test Unit 15

cmbs
L|B|c|s|cn|Br|T]es| [L]B]c|s|cn[Br][T]as| [L]|B]c]s|cn|Br]|T]6s
0-10
10-20 3 1 11
20-30 1 7 31
30-40 1 3 1
40-50 6
5060 | 1 4 1
60-70 | 1 4 1 12
70-80 31 9
80-90 9 4 3
90-100 5 2 11
100-110 1 2 1 1
110-120
120-130
130-140
rorac 204 [ Jof [ [ Jefef T[T [ [ [ |[afu] [ | [w]4
b Test Unit 16 Test Unit 17
L|B|c|s|cn|Br|T[es| [L[B]c|s|cn|BR|T]6s
010 |10 19
1020 | 6 10 4 1
2030 |12 1 117 1
3040 |8 1 9 2 1 1
4050 | 6 10 5 1
5060 | 6 7 1 4 1
6070 |9 9 10 11 1
7080 |12 5 5 1
80-90 |1 1 1 2
90-100 | 2 1
toraL [72]18| | [1]es] | sl | | [3]2]
L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone

674 Technical Report No.150832 OV TRC




Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Artifact Frequency Distribution

Site # 41PT185 Locus C

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+ for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with ™*'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

cmbs

Test Unit 18

Test Unit 19

Test Unit 20

L[B|c[s|ch|BR[ TGS

L|B|c[s|cn|BR][ TGS

L|B|c[s]cn|BR| TGS

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

80-90

1

90-100

100-110

1

1 28
2.9 2 1
4 3

TOTAL

o] T T

| L[ Je] |

] | ] [w]3]

cmbs

Test Unit 21

Test Unit 22

Test Unit 23

L[B|c]s]|ch|BR] TGS

I—
v}

[c[s]cn|BrR] TGS

L]B]|c[s]cn|BrR]| TGS

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

80-90

90-100

100-110

110-120

—_
—_
*

D W N w o oo B
—

(S, BRI &) RN &) BRI

1 1 5
8 39
2 3 25

TOTAL

el [ L[]

o] [ [ [a0]s6]

sfe| | | Jeof |

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone

QO TRC Technical Report No. 150832

675




Appendix B
Artifact Distributions

Artifact Frequency Distribution

Site # 41PT185 Locus C

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+' for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with *'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

cmbs

Test Unit 24

Test Unit 25

Test Unit 26

L|B|c]s[cn|BR] TGS

L[B]c|s]ch|[BR] TGS

L[B]c|s]cnh[Br| TGS

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

80-90

1

o w N
o w | w
~
N

11 3

90-100

100-110

110-120

120-130

130-140

140-150

B NN NN

TOTAL

wla| | | [a]1]

sl [T 11

[ |

| [ ] ]

cmbs

Test Unit 27

Test Unit 28

Test Unit 29

L|B|c|s|cn|BR|[ TGS

L|B[c|s|ch|BR| TGS

L|B|c|s]|cn|BR][ TGS

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

80-90

90-100

1*

TOTAL

2a] | | |2]1]

2| | [ [ ] 4]

le] ||

HE

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone
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Artifact Frequency Distribution

Site # 41PT185 Locus C

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+' for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with ™. Note bottom of each unit with

a heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

cmbs

Test Unit 30

L|B|c|s[cn|[BR| TGS

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

1
0

80-90

90-100

TOTAL

efaf [ | [ef |

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone

QO TRC Technical Report No. 150832

677



Appendix B
Artifact Distributions

Artifact Frequency Distribution

Site # 41PT186

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+ for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with *'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

cmbs

Test Unit 2

Test Unit 3

Test Unit 4

L[B[c|s|cn|[Br| TGS

L[B]c|s|cn|[Br| TGS

L|B[c|s|cn][BrR| TGS

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

80-90

90-100

100-110

110-120

120-130

130-140

140-150

1

10 11

11 2 1

5 | 3 12 8

TOTAL

JEINE

o] [ [ [ []

2l | | |5]2]s

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone

678

Technical Report No.150832

QTRC




Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

Artifact Frequency Distribution

Site # 41PT186

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+ for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with ™'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

cmbs Test Unit 5 Test Unit 6 Test Unit 7
LB [c|s|cn|BR[T]Gs| [L]|B |[c|[s]cn|BR|[T]Gs| |L]B]|c|s]|cn][BR]| TGS
0-10 2 1 4 1
1020 |6 9 1 6 7 1
2030 |4 8 510 12 3
3040 |7 7 5 5 3 3
40-50 | 5 33 8 12 1 2 1
5060 | 4 14 9 32 1 5
6070 |1 6 1 31 1 2
7080 |1 8 2 4 32 2 3 4
80-90 | 1 6 26 1 6
90-100 | 1 3 4 1 5 19 1 13
100110 | 4 26 19
110-120 | 1 1 4
120-130 2
130-140
140-150 2 1
150-160 1 1
160-170 2 2
170-180 11
180-190 11 1
190-200 11 3
62[173] | [1]16]6]

Test Unit 6B
100-110 1 12 1
110-120 13 1
wom [ ] | o]e] | [x]=] T e[ =l [T 1]

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone
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Artifact Frequency Distribution

Site # 41PT186

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+ for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with *'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

Test Unit 7B Test Unit 8 Test Unit 9
ombs L|B|c|s|cn[Br|T]es| [L|B|c[s|ch|Br|T[Gs| |L]B [c|[s]|cn|BR|[T][GS
0-10
1020 8
20-30 8
30-40 21
40-50 13 1
50-60 13
60-70 110
70-80 18
80-90 31 3
90-100 | 3 1 29 1 1
100-110 | 1 17 1 24
110-120 | 1 4 11
120130 | 1 4 2
130-140 | 5
140-150 | 1 1
150-160 1 1
160-170 | 2 8
170-180 | 1 6
180-190 | 4
190200 | 3 1
rom ]2 1] T2 1| [x[w[ [ [x] [s] ] [ [ [ T
L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone
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Artifact Frequency Distribution

Site # 41PT245

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+' for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with *'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

cmbs

Test Unit 3

Test Unit 4

Test Unit5

L|B]c]s[cn|BR] TGS

L[B]c|s|cn][Br| TGS

L[B]c|s]cn[Br| TGS

0-10

10-20

20-30

30-40

40-50

4 6
8 6
6 1
2

50-60

60-70

70-80

80-90

90-100

100-110

110-120

120-130

130-140

140-150

150-160

160-170

170-180

*120-
140

39 3 (1

7 46 1 8 1

Test Unit 4B

17 4 17

TOTAL

o] Je| [1]z] |

EINEEIEIN

o] [ [ [ []

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone
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Artifact Frequency Distribution

Site # 41PT245

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+ for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with *'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

cmbs

Test Unit 6

Test Unit 7

Test Unit 8

L[B]c[s]|cn|BR][ TGS

L[B|c|s]cn[Br| TGS

L[B]c[s]|cn|BR][ TGS

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

80-90

90-100

100-110

110-120

120-130

130-140

140-150

16
28

w N NN

1
3

150-160

160-170

170-180

180-190

190-200

200-210

210-220

220-230

230-240

TOTAL

2jul | | Je]s)

JHENEINE

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone
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Artifact Frequency Distribution

Site # 41PT245

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+' for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with *'. Note bottom of each unit with a

heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

cmbs

Test Unit 9

Test Unit 9B

Test Unit 9C

L|B]c|s[cn|Br|T]6s

L|B|c|s|cn[er[T]6s

L|B|c|s|cn[er|[T]es

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

80-90

90-100

100-110

110-120

120-130

130-140

140-150

150-160

160-170

170-180

180-190

190-200

3 (4
5 20

TOTAL

sfwf1] J2]s] |

[1] | [ef=] |

| | [ [ufs] |

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone

QO TRC Technical Report No. 150832

683




Appendix B
Artifact Distributions

Artifact Frequency Distribution
Site # 41PT245

For each test unit, tabulate artifact frequency (from field catalog) by artifact class (columns) and depth (rows). Use '+ for artifacts
present (per level notes) but not counted. Note counts which include a temporal diagnostic with *'. Note bottom of each unit with a
heavy horizontal line at end of bottom level. Shade levels in each unit if a feature is present.

Test Unit 10 Test Unit 11

cmbs

L|B|C|S|Ch|BR|T|GS L|B|C|S|Ch|[BR|T]|GS
0-10 1 2 1
10-20 | 1
20-30 |1
3040 | 1
40-50 1
50-60 2
60-70 | 1
70-80 10
80-90 2
90-100 4
100-110
110-120
120-130 17
130-140 10
ora |8 Jeel 2] Ja] [ | | [a] [ [ [ [ ]

L = Lithic, B = Bone, C = Ceramic, S = Shell, Ch = Charcoal, BR = Burned Rock, T = Tool, GS = Ground Stone
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C.1 INTRODUCTION

The vast majority of the source provenance
for the 16 artifacts is from one of the sources
in the Jemez Mountains from northern New
Mexico.  One sample with very high
strontium does not match any known source
in North or Central America, and one
sample appears to be modern or perhaps 19"
century glass. The one piece of metal
“tinker cone” is indeed a copper alloy
dominated by copper and zinc.

C.2 ANALYSIS AND
INSTRUMENTATION

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

All analyses for this study were conducted
on a ThermoScientific Quant’X EDXRF
spectrometer, located in the Department of
Anthropology, University of California,
Berkeley. It is equipped with a
thermoelectrically Peltier cooled solid-state
Si(Li) X-ray detector, with a 50 kV, 50 W,
ultra-high-flux end window bremsstrahlung,
Rh target X-ray tube and a 76 um (3 mil)
beryllium (Be) window (air cooled), that
runs on a power supply operating 4-50
kVv/0.02-1.0 mA at 0.02 mA increments.
The spectrometer is equipped with a 200 1
min—1 Edwards vacuum pump, allowing for
the analysis of lower-atomic-weight
elements between sodium (Na) and titanium
(Ti). Data acquisition is accomplished with
a pulse processor and an analogue-to-digital

converter. Elemental composition is
identified with digital filter background
removal, least squares empirical peak
deconvolution, gross peak intensities and net
peak intensities above background.

The analysis for mid Zb condition elements
Ti through Nb, Pb, Th, the x-ray tube is
operated at 30 kV, using a 0.05 mm
(medium) Pd primary beam filter in an air
path at 200 seconds livetime to generate x-
ray intensity Ka-line data for elements
titanium (Ti), manganese (Mn), iron (as
Fe203T), cobalt (Co), nickel (Ni), copper,
(Cu), zinc, (Zn), gallium (Ga), rubidium
(RDb), strontium (Sr), yttrium (Y), zirconium
(Zr), niobium (Nb), lead (Pb), and thorium
(Th). Not all these elements are reported
since their values in many volcanic rocks are
very low. Trace element intensities were
converted to concentration estimates by
employing a least-squares calibration line
ratioed to the Compton scatter established
for each element from the analysis of
international rock standards certified by the
National Institute of Standards and
Technology (NIST), the U.S. Geological
Survey (USGS), Canadian Centre for
Mineral and Energy Technology, and the
Centre de Recherches Pétrographiques et
Géochimiques in France (Govindaraju
1994). Line fitting is linear (XML) for all
elements but Fe where a derivative fitting is
used to improve the fit for iron and thus for
all the other elements. When barium (Ba) is
analyzed in the High Zb condition, the Rh
tube is operated at 50 kV and 1.0 mA,
ratioed to the bremsstrahlung region (see
Davis et al. 1998). Further details
concerning the petrological choice of these
elements in Southwest obsidians are
available in Shackley (1988, 1990, 1992,
1995, 2005; also Mahood and Stimac 1991;
and Hughes and Smith 1993). Specific
standards used for the best fit regression
calibration for elements Ti through Nb, Pb,
Th, and Ba, include G-2 (basalt), AGV-2
(andesite), GSP-1 (granodiorite), SY-2
(syenite), BHVO-2 (hawaiite), STM-1
(syenite), QLO-1 (quartz latite), RGM-1
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(obsidian), W-2 (diabase), BIR-1 (basalt),
SDC-1 (mica schist), TLM-1 (tonalite),
SCO-1 (shale), all U.S. Geological Survey
standards, BR-1 (basalt) from the Centre de
Recherches Pétrographiques et
Géochimiques in France, and JR-1 and JR-2
(rhyolite) from the Geological Survey of
Japan (Govindaraju 1994).

The data from the WinTrace software were
translated directly into Excel for Windows
software for manipulation and on into SPSS
for Windows for statistical analyses when
necessary. In order to evaluate these
quantitative determinations, machine data
were compared to measurements of known
standards during each run. RGM-1 is
analyzed during each sample run for
obsidian artifacts to check machine
calibration.

Trace element data exhibited in Tables C-1
and C-2 and Figure C-1 are reported in parts
per million (ppm), a quantitative measure by
weight. Source nomenclature is from Baugh
and Nelson (1987, and unpublished),
Glascock et al. (1999), and Shackley (2005;
see also
http://www.swxrflab.net/swobsrcs.htm).

C.3 DISCUSSION

While the vast majority of obsidian used to
produce these artifacts was originally
procured from northern New Mexico
sources, one “unknown” (186-20.1) exhibits
chemistry more similar to a mafic or
intermediate volcanic rock (Table C-1). It
does not resemble any known source north
or south of the international border. The
analysis in 2009 does not change the mix of
obsidian source provenance in any
significant way.

The one piece of metal, called a “tinkler
cone” is definitely produced from a
copper/zinc alloy (Table C-2). The other
elements detected appear to be trace
elements that are likely part of the original

ore. With this analysis it is impossible to
determine whether where or when it was
produced. Copper-zinc  alloys are
commonly made today and presumably in
the 19th century.
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Appendix C

Obsidian Source Analysis

Table C-1. Elemental Concentrations for Archeological Rock Samples and RGM-1.
(Note: All Measurements in Parts Per Million [ppm].)

SITE/SAMPLE
NO. Ti Mn Fe Zn Rb Sr Y Zr Nb Ba Source
185/A-156-001-1 1100 498 11430 108 156 8 39 168 51 80 Valles Rhy
185/A-167-001-1 981 527 12043 98 175 9 47 183 57 61 Valles Rhy
185/C-221-001-1 1206 499 8772 114 147 9 19 75 43 38 El Rechuelos
185/C-221-001-2 984 470 7328 113 157 9 26 71 44 23 El Rechuelos
185/C-264-001 901 533 11214 96 196 7 64 180 98 8 Cerro Toledo Rhy
186-344-001-1 1111 451 10778 85 147 12 44 161 44 24 Valles Rhy
186-20.1 2327 1849 6990 95 50 789 45 108 3 1172 unknown
245-403-001 965 546 11057 133 190 5 62 170 87 7 Cerro Toledo Rhy
186-305-001-1 916 587 11492 103 208 6 59 177 93 7 Cerro Toledo Rhy
185/C-326-001-1 827 579 10561 151 229 5 68 185 97 0 Cerro Toledo Rhy
185/C-312-001-1 1053 530 9932 213 204 8 57 163 83 0 Cerro Toledo Rhy
185/C-310-001-1 872 452 9833 91 173 8 46 178 54 33 Valles Rhy
185/C-480-001-1 906 488 10671 127 186 10 48 171 55 24 Valles Rhy
185/C-480-001-2 983 406 9157 150 159 7 39 157 48 48 Valles Rhy
185/C-642-001-1 869 513 9975 162 215 6 64 180 92 0 Cerro Toledo Rhy
185/C-857-001-1 546 149 2895 46 1 9 2 16 1 19  modern glass?
RGM1-S4 1522 299 12871 36 147 107 25 219 7 835 standard
RGM1-S4 1506 399 14053 35 148 100 24 220 16 824 standard
Table C-2. Elemental Concentrations for the Metal Sample.
(Note: All Measurements in Parts Per Million [ppm].)
Site/Sample | Ti ([Mn| Fe Ni Cu Zn |Rb| Sr Zr |[Nb|Ba| Pb | Th
186-506-009-1|2757(145|48323|1065|2080315(140982| 15| 5 | 2 | 25 |118| 0 |9502|120
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Figure C-1. Y versus Nb Biplot of Archeological Data.

(Note: The one “unknown” sample removed.)
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D.1 INTRODUCTION

D.1.1 PROJECT GOAL

The goal of this study was to reconstruct
vegetative histories at 41PT185/C, 41PT186
and 41PT245 based on phytolith analysis
and at 41PT185/C based on palynology.
Differences in vegetation were then used to
reconstruct paleoenvironments. Other
biosilicates (diatoms, algal statospores, and
sponge spicules) were analyzed to glean as
much paleoenvironmental information as
possible.

D.1.2 PHYTOLITH FORMATION

Growing plants typically absorb water
containing dissolved silica through their
roots. Microscopic silica bodies are
subsequently produced by the precipitation
of hydrated silicon dioxide (SiO,nH,0)
within the plant's cells, cell walls, and
intercellular spaces. Silica bodies which
have characteristic shapes and sizes are
called opal phytoliths (Wilding and Drees
1971). The term phytolith is derived from
the Greek words phyton, meaning plant, and
lithos, meaning stone. Opal is the common
name for amorphous, hydrated silica
dioxide. Opaline bodies formed in plants
without specific shapes are simply plant
opal.

Phytoliths form in most plants and are
produced in a multitude of shapes and sizes.
Many phytolith types are specific to
particular groups of plants. A phytolith type
is considered "characteristic" if it is common
in one specific taxon but also produced in
very limited amounts in one or more other
taxa. A phytolith type is "diagnostic" if its
shape and/or size are specific to a particular
taxon. Fortunately, many phytoliths are
resistant to weathering and are preserved in
most soils for long periods of time. Because
phytoliths are formed primarily in the
vegetative parts of plants and are released on
soil surfaces when the plant decays, a large

proportion of the phytolith record represents
localized deposition (Piperno 1988).

D.1.3 PHYTOLITH STABILITY

The dissolution and stability of phytoliths in
soils and sediments is not fully understood.
Laboratory  experiments  demonstrate,
however, that the solubility of silica is a
function of temperature, particle size, pH,
and the presence of a disrupted surface
layer. Studies show that the solubility of
amorphous silica increases linearly with
temperature from 0°C. Particle size is
another factor affecting stability as opal
dissolution is greater with a decrease in size
(Wilding et al. 1977, 1979). Pease (1967)
experimentally determined that there
appears to be a slight increase in phytolith
solubility in the range of 5.0 to 8.5, an added
increase between pH 8.5 and pH 9.0, and a
large increase beginning at pH 9.0. Opal
stability is also a function of the presence of
certain metallic ions and sesquioxides. The
adsorption of Al and Fe ions onto the
surface of opal will decrease silica
dissolution due to the formation of relatively
insoluble silicate coatings. The presence of
sesquioxides may increase dissolution of
phytoliths due to the adsorption of
monosilicic acid (Wilding et al. 1977).

D.1.4 MORPHOLOGY AND TAXONOMY

Monocotyledons, particularly the Poaceae,
produce a wide variety of morphologically
distinctive phytolith forms.  The most
taxonomically useful types of grass
phytoliths are silicified short cells that range
in size from 10 to 35 pum long. Several
types of trapezoidal circular, rectangular,
and elliptical short cells are diagnostic of the
Pooideac (Brown 1984; Twiss 1987;
Bozarth 1992b), a grass subfamily adapted
to cool temperatures and high available soil
moisture (Twiss 1987).

Saddle-shaped bodies occur most commonly
in the Chloridoideaec (Brown 1984; Twiss
1987; Mulholland and Rapp 1992), a grass
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subfamily that flourishes in areas with warm
temperatures and low available soil
moisture.  Saddle-shaped phytoliths are
similar in appearance to double-edged battle
axes formed by two opposite convex edges
and two opposite concave edges. However,
a few saddle-shaped phytoliths have only
one concave side (Brown 1984).

Bilobate and cross-shaped phytoliths are
formed in the Panicoideac (Brown 1984;
Twiss 1987; Mulholland and Rapp 1992), a
grass subfamily that thrives in warm
temperatures and high available soil
moisture (Twiss 1987). Bilobates with
indented, concave, or pointed lobes are
formed only in the Panicoid subfamily.
Bilobates with raised lobes edges and round
or flat ends which are symmetrical in side
view are also formed only in the Panicoids
(Bozarth 1992b). Maize (Zea mays) cobs
produce another type of phytolith that is
diagnostic of the species (Bosarth 1993b).

Bilobate phytoliths with raised lobe edges
and round ends are also formed in three-awn
grasses (Aristida species), a genus in the
Chloridoid subfamily (Gould and Shaw
1968).  However, bilobates formed in
Aristida differ from Panicoid bilobates in
that the raised edges on the top (the longer
part) slope down at the ends. In addition,
they are asymmetrical in side view as the top
is more concave than the bottom (Bozarth
1992b). Needlegrass, a genus (Stipa) in the
Pooid subfamily (Gould and Shaw 1968),
also produces bilobates (Bozarth 1992b).
These bilobates differ from those produced
in Panicoids and Aristida by not having
raised lobe edges. Many have a small lobe
on one side in the middle. Unlike most
Pooids, Stipa species grow in dry areas
(Pohl 1968).

There are several other types of phytoliths in
addition to short cells produced in grass.
Long cells are relatively large (30 to 150 pm
long) elongate bodies with smooth or wavy
edges (Twiss 1987). Bulliform cells are
large keystone shaped-cells. Trichomes are

silicified prickly-hairs composed of two
parts, an outer sheath and an inner core. The
outer sheath dissolves soon after being
deposited on the soil, while the inner core
remains well preserved. Silicified tracheids
are also formed in grasses, albeit rarely.
Silicified stomata are taxonomically useful
at various levels, but are typically not well
preserved.

Grass floral bracts produce at least three
distinctive types of phytoliths not formed in
other parts of the plant. Dendriforms are
cylindrical rods of varying length with
protrusions or spines radiating from a central
core. Asteriforms consist of platy bodies
with peg like protrusions. Scutiform
phytoliths are saucer-shaped bodies that
have a unique, slanted apex (Piperno 1988).
Scutiforms appear to be diagnostic of
Pooideae, whereas dendriforms are formed
in most, if not all, native grasses. These
three types of phytoliths can be used to
identify areas/artifacts used to process native
grass seeds as they occur only rarely in
natural environments (Bozarth 1998a).

Non-grass monocots also produce numerous
taxonomically valuable phytoliths. Sedge
(Cyperus) produces distinctive phytoliths in
the form of cone shaped-bodies with round
wavy margins. These phytoliths occur both
singly and in multiples. Truncated cones
with multiple peaks and round wavy bases
are formed in bulrush (Scripus pallidus).
Both of these phytolith types appear to be
diagnostic of the genera that produce them
(Bozarth 1995). Sedge phytoliths with
angular and verrucate bases and knobby
apices may be restricted to inflorescences
(Ollendorf 1992).

Several types of phytoliths are formed in
woody dicotyledons (deciduous shrubs and
trees) and herbaceous dicotyledons (forbs
and weeds). The two most common types of
diagnostic dicot phytoliths are flat or cupped
polyhedrons with 5-8 sides and anticlinal
cells (Rovner 1971; Wilding and Drees
1971; Geis 1973; Wilding et al. 1977;
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Bozarth 1992a). Anticlinal cells have wavy,
undulating walls with the appearance of
jigsaw-puzzle pieces. Most of these
polyhedral and anticlinal phytoliths consist
only of silicified cell walls and are not well
preserved in sediment (Wilding and Drees
1974; Bozarth 1992a). Other phytolith types
formed only in dicots include branched
elements with spiral thickened rings and
honeycomb-shaped assemblages (Geis 1973;
Wilding and Drees 1973, 1974; Bozarth
1992a).

Several species of arboreal dicots produce
opal spheres that range in size from 1 to 50
pum (Wilding and Drees 1973, 1974). Opal
spheres are also produced in conifers (Klein
and Geis 1978), but are much smaller (3 to 8
um).  Opaque opal spheres have been
extracted from the A horizon of several
forested soils in Ohio demonstrating that
they are well-preserved (Wilding and Drees
1973, 1974). Wilding and Drees (1973) also
reported opaque bladed forms (which appear
to be opaque platelets), in white oak
(Quercus alba).  Similar particles were
observed in isolates from a soil formed
under deciduous forest.

Distinctive spinulose spheres are produced,
although only rarely, in the leaves of
chinkapin oak (Q. muehlenbergii), red oak
(Q. rubra) and red oak (Q. rubra), as well as
the endocarp of black walnut (Juglans
nigra). Spinulose spheres have been
identified with other deciduous tree
phytoliths in late-Pleistocene and Holocene
loessal sites in Nebraska (Bozarth 1998a,
1998b, 1998c, 2000, 2008).

Phytolith analysis of 14 dicots and one
cactus native to the Central Great Plains
shows that diagnostic phytoliths are only
rarely formed in edible fruits and nuts. Most
of the fruits and nuts studied were from trees
and shrubs, including shagbark hickory
(Carya ovata), hackberry (Celtis
occidentalis), persimmon (Diospyros
virginiana), black walnut (Juglans nigra),
sandhill plum (Prunus angustifolia), wild

plum (P. americana), choke cherry (P.
virginiana), currants (Ribes odoratum),
elderberry (Sambucus canadensis), white
oak (Quercus alba), and burr oak (Q.
macrocarpus).  Other reference species
include two forbs, devil's claw (Proboscidea
louisianica) and groundcherry (Physalis
virginiana), a wild grape (Vitis riparia), and
a cactus prickly pear (Opuntia macrorhiza).
Of these 15 species, diagnostic phytoliths
were formed only in hackberry fruits. These
phytoliths, produced in the fruit stone, are in
the form of platelets with irregular edges
and short echinate (spiny) sculpturing on
one side (Bozarth 1987b).

Subsequent to this study, four additional
samples from economic species were
analyzed: nuts and bracts from hazelnut
(Corylus americana), achenes from marsh
elder (/lva annua), and achenes with bracts
from Pennsylvania smartweed (Polygonum
pensylvanicum). No taxonomically useful
phytoliths were found. Furthermore,
previous unpublished studies indicate that
Palmer's pigweed (Amaranthus palmeri),
rough pigweed (4. retroflexus), and lamb's
quarters (Chenopodium album) do not
produce diagnostic phytoliths.

Other dicots produce phytoliths diagnostic at
various taxonomic levels. Opaque platelets
with systematic perforations and certain
types of segmented hairs are diagnostic of
Asteraceae (the Sunflower family). Flat
polyhedrons with 5-8 sides that are filled
with coarse verrucae (bumps) appear to be
unique to Ulmaceae (the Elm family)
(Bozarth 1985a, 1992a). Silicified, multi-
celled hair bases are formed in the disks of
common sunflower (Helianthus annuus) and
domesticated sunflowers (H. annuus var.
macrocarpa) (Bozarth 1986b).  Certain
types of stalked verrucate phytoliths are
specific to hackberry, mulberry (Morus),
false nettle (Boehmeria), or nettle (Urtica).
Elongate verrucate phytoliths with one or
both ends tapering to a point are unique to
clearweed  (Pilea) (Bozarth  1992a).
Phytoliths with deeply scalloped surfaces of
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contiguous concavities are diagnostic of
squash and wild buffalo gourd (Cucurbita
species) (Bozarth 1987a). Common beans
(Phaseolus vulgaris) also produce diagnostic
phytoliths (Bozarth 1990b).

Several types of phytoliths are produced in
the pine family (Pinaceae). Silicified,
irregularly-shaped, polyhedral cells are the
most common taxonomically useful
Pinaceae phytolith. This type of phytolith is
produced in red spruce (Picea rubens), black
spruce (P. mariana), white spruce (P.
glauca), Engelmann spruce (P.
engelmannii), and jack pine (Pinus
banksiana) (Norgren 1973; Klein and Geis
1978; Bozarth 1988, 1993a).  Blocky
polyhedra with smooth surfaces and at least
eight non-parallel sides are characteristic but
not diagnostic of Pinaceae, because they are
also  produced, although  relatively
infrequently, in grasses (Bozarth 1993a).

In contrast to smooth polyhedrons,
polyhedrons with bordered pit impressions
on the surface are unique to the Pinaceae.
This type of phytolith is abundant in pine
(Pinus), spruce (Picea), Douglas-fir
(Pseudotsuga menziesii), and less commonly
in larch (Larix), hemlock (7Tsuga), and fir
(Abies) (Klein and Geis 1978). Douglas-fir
needles produce distinctive, branched,
silicified particles (Brydon et al. 1963).
This same type of phytolith was also
reported in Douglas-fir by Garber (1966) as
irregular shapes with spiny processes and by
Norgren (1973) as amoeboid bodies with
tapering, conical protrusions. Thin plates
with wavy margins on all four sides are
formed in needles of white spruce and
appear to be unique to that species.
Phytoliths with spiny irregular bodies are
commonly formed in needles of jack pine
and appear to be diagnostic of that species
(Bozarth 1993a).

D.1.5 APPLIED PHYTOLITH RESEARCH IN
THE GREAT PLAINS

Phytoliths are largely a "decay in place"
fossil (Rovner 1975) and represent the
vegetation of a site at the time of deposition
(Piperno 1988). Opal phytoliths can be
isolated from buried sediment samples and
analyzed to reconstruct the
paleoenvironment for a particular area. This
has been successful on a number of
sediment types, including loessal sites in
Nebraska (Fredlund et al. 1985; Bozarth
1992b, 2008; Johnson 1993), Kansas
(Bozarth 1984a; Johnson and Bozarth 1996),
and Texas (Bozarth 1995), as well as
alluvium in Kansas (Bozarth 1986a, 1990a)
and Texas (Bozarth 1995). Regional fossil
phytoliths were first recognized by Twiss et
al. (1969) in buried soils in north-central
Kansas, but the paleoenvironments were not
reconstructed.

Phytolith analysis has also been used to
identify cultigens and other economic
species in prehistoric archaeological sites.
Phytolith analysis was first applied to Great
Plains paleoethnobotanical studies by
Bozarth (1984b) who identified sunflower-
like phytoliths in sediment samples collected
in features at Site 23DX3, a Central Plains
Tradition village in northeast Nebraska.
These silicified, multi-celled hair bases are
commonly formed in the disks of common
sunflower  (Helianthus  annuus)  and
domesticated sunflower (Helianthus annuus
var. macrocarpa (Bozarth 1986b).

Additional taxonomic classification
demonstrated that diagnostic phytoliths are
formed in the rinds of selected varieties of
squash (Cucurbita species) (Bozarth 1985b,
1986b, 1987a) and in the pods of common
beans (Phaseolus vulgaris) (Bozarth 1986b,
1990b). Squash phytoliths (scalloped
spheroids) were recovered at Site 23DX3
(described above)(Bozarth 1986b) and Site
3CT50, a Late Woodland site in northeast
Arkansas (Bozarth 1985b, 1987a). Bean
phytoliths (silicified hooked hairs) were
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identified in an isolate from Site 14MN328,
a Great Bend Aspect village located in
central Kansas (Bozarth 1989a, 1990b).

Mulholland (1986, 1987) reported two types
of phytoliths characteristic of maize, one in
chaff and the other in leaves and husks,
which could be used as indicators of maize
in archaeological sites in North Dakota.
Extensive taxonomic research by Bozarth
(1989a, 1989b, 1993b) demonstrated that
maize cobs produce diagnostic phytoliths.
Based on these studies, maize was identified
in two features at Site 14MN328 (described
above).

As previously reported, most archaeological
phytolith analyses reconstruct
paleoenvironments or plant subsistence
strategies. However, other types of studies
can be done with phytoliths. For example,
at the Hatcher Site (14DO19), a Plains
Village period habitation structure located in
northeastern Kansas, a study of phytoliths
from a daub concentration demonstrates that
Panicoids (tall-grasses) and Pooids (cool-
moist season grasses) were the most
common grasses used in construction at the
site (Bozarth 1987c). A phytolith analysis
of prehistoric bison tooth calculus and
impacta from sites in Kansas and Oklahoma
demonstrates that this type of study can be
used to reconstruct the diet of prehistoric
bison in the central Great Plains (Bozarth
1993c).

D.2 PREVIOUS WORK IN STUDY
AREA

Palynological results indicate climatic
change over time at [0 8 (isolated
occurrence of a fossilized bone and a
mammoth tooth) but the data were
problematic.  Paleobotanical analyses at
41PT185 and 41PT186 indicate vegetation
continuity but the results were again
problematic. No evidence of prehistoric
plant use was found (Gish 2000).

D.3 METHODOLOGY

D.3.1 DATA RECOVERY PHASE | (2007)

Phytoliths and other biosilicates (diatoms,
algal statospores, and sponge spicules) were
analyzed from 13 radiocarbon dated
sediment samples collected at 41PT185/C,
41PT186, and 41PT245. Pollen was also
analyzed from four dated samples from BT
36 at 41PT185/C (#M-1-1, #M-3-4, #M-5-9,
and #M-4-6). The 13 dated samples were
collected across the study area to gain an
understanding of the overall Holocene
environment in West Amarillo Creek.

D.3.2 DATA RECOVERY PHASE Il (2008)

Biosilicates and pollen were analyzed from
20 samples collected from a dated column in
BT 36 at 41PT185/C, the stratigraphy of
which is shown in Figure D-1. Biosilicates
were also analyzed from three samples
(#471-004-1a, #1129-004-1a, and #3801-
004-1a) collected from three cultural
features (Features 8, 18, and 10) at
archaeological site 41PTI185/C. The
phytolith classification system reported by
Fredlund (Fredlund and Tieszen 1994) was
utilized to determine if the prehistoric short
cell assemblages at 41PT185/C match any of
the modern analogs from various sites in
North America.

D.4 BIOSILICATES

Biosilicates were isolated from 2 to 5 gram
sediment samples using a procedure based
on heavy-liquid (zinc bromide) flotation and
centrifugation. This procedure consists of
five basic steps: 1) removal of carbonates
with dilute hydrochloric acid; 2) removal of
colloidal organics, clays, and very fine silts
by deflocculation with sodium
pyrophosphate, centrifugation, and
decantation through a 7-um filter; 3)
oxidation of sample to remove organics; 4)
heavy-liquid flotation of phytoliths from the
heavier clastic mineral fraction using zinc
bromide concentrated to a specific gravity of
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2.3; 5) washing and dehydration of
phytoliths with butanol; and 6) dry storage
in 1-dram glass vials.

Representative portions of the isolates were
mounted on microscope slides in immersion
oil under 22 x 40 mm cover glasses and
sealed with clear nail lacquer. A minimum
of 200 phytoliths were taxonomically
classified in each slide.  Phytoliths were
analyzed at a magnification of 625X with a
petrographic Zeiss microscope. Biosilicate
data were reported with 7G View. Phytolith
concentrations were calculated using an
indirect method reported by Piperno (1988).
A known number of exotic spores (in this
case Lycopodium) were added to each
sample after the oxidation stage. The
concentration of phytoliths (per gram) was
computed as follows:

Phytolith conc. = no. of phytoliths counted x
(total no. exotics added / no. exotics
counted) / sample wt.

Concentration permits an evaluation of the
phytolith production, preservation, and
sedimentation rate for a given sample
interval.

Phytoliths were classified according to a
convention that has been developed and
used in other reports and publications. An
extensive reference collection of plants
native to the Great Plains has been
developed in the palynology laboratory
through field collection, research plots,
solicited samples, and specimens supplied
by the University of Kansas Herbarium.
The phytolith reference collection consists
of phytoliths extracted from complete or
representative  aerial portions of the
following: 1) 25 species of 20 genera of 11
tribes of 6 subfamilies of the Poaceae
(grass); 2) 11 species of 4 genera of 4 non-
grass monocot families; 3) 65 species of 62
genera of 11 families of herbaceous dicots;
4) 20 species of 18 genera of 13 families of
woody (mostly arboreal) dicots; 5) 14
species of 7 genera of 5 families of

gymnosperms; and 6) 2 species of
Equisetum.

D.5 POLLEN

A number of pollen extraction procedures
exist, but heavy-liquid flotation and
centrifugation was selected because of the
vulnerability of pollen from the study area to
degradation by  chemical  digestion
techniques. The heavy-liquid flotation and
centrifugation procedure has been refined in
the University of Kansas Palynology
Laboratory and has proven to be highly
effective in the isolation of pollen from a
variety of sediment matrices.

Pollen was extracted from 3-50 gram
sediment samples, depending on the amount
available. This procedure is similar to that
for phytoliths and consists of six steps; 1)
introduction of "spike" spores; 2) removal of
carbonates with dilute hydrochloric acid; 3)
removal of colloidal organics, clays, and
very fine silts by deflocculation with sodium
pyrophosphate, centrifugation, and
decantation through a 7- m filter; 4) heavy-
liquid flotation of phytoliths from the
heavier clastic mineral fraction using zinc
bromide concentrated to a specific gravity of
1.95; 5) washing and dehydration of isolate
with butanol; and 6) storage in a 1-dram
glass vial with several times as much
silicone fluid (1000-centistoke viscosity) as
isolate. After thorough mixing, aliquots of
the mixture were mounted on two
microscope slides under 22 x 40 mm cover
glasses and sealed with paraffin.

A minimum of 200 pollen grains were
taxonomically classified in each slide with
adequate concentrations. Otherwise, one
complete slide was analyzed. Classification
of pollen was based largely on analysis of
the University of Kansas Palynology
Laboratory reference collection in addition
to standard reference keys (Kapp 1969;
Lewis et al. 1983; McAndrews et al. 1973;
Moore and Webb 1978).  Palynology is
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especially useful for identifying non-grass
plants, including forbs, shrubs, and trees.
Pollen data were reported with TG View.

Pollen concentration studies can be useful
for determining the amount of pollen that
may have been destroyed during the post-
depositional period of a deposit. Post-
depositional processes, such as pedogenesis,
mechanical destruction, chemical oxidation,
rapid changes in atmospheric-moisture
levels, high pH levels, and microbial
activity, may greatly reduce the amount of
pollen in a deposit. The pollen recovered
from archaeological site sediments represent
the sum total of the originally deposited
pollen minus the pollen lost to the various
processes of  deterioration. Pollen
concentrations from open air sites which do
not contain at least 1,000 pollen grains per
gram have undergone severe pollen loss
through post depositional alteration and may
not provide reliable information. Low
numbers of identified plant taxa and high
percentages of indeterminate grains also
suggest that the pollen data may be suspect
because of poor preservation (Bryant and
Hall 1993).

As mentioned above, "spike" tablets
containing  Lycopodium  spores  were
introduced into the soil/sediment sample
prior to the flotation in order to verify pollen
extractions and for quantitative evaluation of
microfossil concentrations. The pollen
concentration per gram was calculated as
follows: Pollen conc. = no. of pollen grains
counted x (total no. exotics added / no.
exotics counted) / sample wt.

D.6 MICROFOSILL DATA
PRESENTATION

D.6.1 DATA RECOVERY PHASE |

Interpretation of microfossil spectra is based
on sample chronology. Biosilicate
frequencies are shown in Table D-1 and
phytolith frequency data for short cells and
trees and shrubs in Table D-2. Pollen data

are presented in Table D-3. Pollen data
without vesiculate grains (pine and spruce)
are shown in Table D-4.

D.6.2 DATA RECOVERY PHASE Il

Figure D-2 consists of  biosilicate
frequencies and concentrations. Figure D-3
consists of total phytolith data and Figure D-
4 of only short cells data. A temperature
index (Pooids/Pooids +Chloridoids
+Panicoids) and an aridity index
(Chloridoids/Chloridoids + Panicoids +
Pooids) reported by Twiss (1987) and are
presented in Figure D-5. Pollen frequencies
and concentrations are presented in Figure
D-6. A separate pollen frequency table was
created, but without vesiculate grains (pine
and spruce) which can be blown long
distance from the source, to better
understand local vegetation (Figure D-7). A
diagram of pine pollen frequencies is
presented in Figure D-8. Tables D-5, D-6,
and D-7 consist of biosilicate, phytolith, and
short cell frequency data, respectively, for
the three archaeological samples.

D.7 RECONSTRUCTION OF
HOLOCENE ENVIRONMENT -
PHASE |

Biosilicates were well-preserved in all 13
dated samples from 41PT185/C, 41PT186,
and 41PT245. Pollen was also preserved in
four stratified samples from BT 36 at
41PT185/C. These samples were collected
across the study area to understand the
Holocene environment. Interpretation of
microfossil spectra is based on sample
chronology (Table D-1).

At 10,850 B.P. the study area was relatively
cold based on the highest frequency of
Pooids found in any of the samples. The
vegetation consisted of grassland with a
limited number of deciduous trees/shrubs as
revealed by the presence of 0.5 percent
spinulose spheres. = The high phytolith
concentration (498,839) is the result of
relatively stable surface at this time.
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At 9610 B.P. conditions were warmer based
on a decrease of Pooids and drier given a
decrease in Panicoids and an increase of
Chloridoids.  As in the first sample,
deciduous trees/shrubs were present based
on the low frequency (0.5 percent) of
spinulose spheres.

At 8280 B.P. the vegetation consisted of
many more deciduous shrubs/trees based on
a much higher frequency of spinulose
arboreal phytoliths (6.9 percent). The
relatively low phytolith concentration is
explained by the fact that arboreal species
produce very few phytoliths compared to
grasses. The predominance of Pooid
grasses, within the native grass component
of the overall assemblage, indicates that the
area had cooled almost to the temperature at
10,850 B.P. No evidence of an increase in
deciduous shrubs/trees for this time period
was found in studies by Bryant and
Holloway (1985) and Hall (1985).

At 4330 B.P. conditions were much warmer
based on a lower frequency of Pooids and
drier given a higher frequency of
Chloridoids. The vegetation was largely
grassland with far fewer deciduous
shrubs/trees given the low frequency of
spinulose spheres (0.5 percent). This
assemblage is very similar to that for 9610
B.P. except that it formed on a more rapidly
aggrading surface based on the lower
phytolith concentration (70,510 versus
241,182).

At 2250 B.P. vegetation consisted of
slightly more humid grassland based on an
increase in Panicoids. The surface was
much more stable given the much higher
phytolith concentration (204,280).
Deciduous shrubs/trees were present in low
numbers based on the same frequency of
spinulose spheres (0.5 percent).

At 1890 B.P. conditions were much warmer
and more arid based on an increase in
Chloridoids and a decrease in Pooids. No
more spinulose spheres were identified from

this time on but a low frequency of flat
polyhedral phytoliths (0.3 percent) indicates
that another type of woody dicot was
present. Pollen was well-preserved at this
level, but is difficult to interpret as it is the
lowest pollen sample in the column.
However, it is clear that pine (Pinus
ponderosa and P. edulis) pollen blew in
from some distance as pine phytoliths were
not found in any of the samples.

At 1840 B.P. cooler conditions are indicated
based on an increase in Pooids. There was
no evidence of trees or shrubs at this time.

At 1430 B.P. conditions were warmer and
drier based on an increase in Chloridoids
and a decrease in Pooids. This interpretation
is supported by the pollen data in that the
frequency of pine (Pinus edulis) increased
considerable at this level compared to the
1890 B.P. assemblage. The decrease in
willow (Salix) pollen from 4 to 0.4 percent
provides additional evidence of increasing
aridity. The surface was very stable at this
time given the very high phytolith
concentration (622,797).

At 1390 B.P. conditions may have cooled
based on a higher frequency of Pooids.
However, comparison to the previous
sample, which is from pond sediment, may
not be reliable. The 1390 B.P. assemblage
is very similar to assemblage dated to 1840
B.P. except that an increase in Chloridoids
and a decrease in Pooids show that
conditions were slightly warmer and drier.

At 860 B.P. the study area was warmer and
drier based on a lower frequency of Pooids
and a higher frequency of Chloridoids. A
decrease in frequency of algal statospores
and diatoms at this level compared to the
1430 B.P. sample provides additional
evidence of drier local conditions. An
increase in pine pollen, with P. edulis
remaining the dominant type, may reflect a
more arid regional environment when
compared to the 1430 B.P. sample. The
absence of oak (Quercus) and willow (Salix)
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pollen provide evidence of increasing local
aridity as well. However, the composition
of native grass in the study area was not
much different given the similarity of short
cell assemblages between this sample and
the one dated at 1430 B.P.

There is a clear increase in pollen aggregates
at this level. Aggregates that consist of over
six grains were found for sage (Artemisia),
low-spine Asteraceae and Brassicaceae.
These are especially interesting since
aggregates of six of more grains usually do
not occur naturally (Bohrer 1984). These
aggregates may have been ‘“created”, i.e.,
knocked off the inflorescences, by grazing
animals. This interpretation is supported by
the presence of a dung fungus spore
(Sporomiella) found only at this level.

At 750 B.P. vegetation and climate were
largely unchanged given the overall
similarity in the phytolith and pollen data
compared to the previous sample. However,
the surface was more stable based on the
higher phytolith and pollen concentrations.
The pollen aggregate data for high-spine
Asteraceae may indicate disturbance from
grazing as in the previous sample.

At 600 B.P. conditions were much cooler
based on a higher frequency of Pooids. The
phytolith concentration (180,700) shows that
the surface was aggrading relatively rapidly
at this time.

At 300 B.P. conditions were more arid
based on an increase in frequency of
Chloridoid grasses. It was also considerably
warmer given a lower percentage of Pooid
grasses compared to the previous sample.
The phytolith data from this sample are a
close match to those of a surface sample
collected at Lubbock, Texas (Fredlund and
Tieszen 1994).

In summary, analysis of phytoliths and
pollen show a dynamic vegetation history
and paleoenvironment for West Amarillo
Creek, Potter County, Texas from 10,850

B.P. until 300 B.P. The overall trend was
from relatively cool and humid savannas
with scattered deciduous trees/shrubs to
warmer and drier grasslands. The sample
dated to 8280 B.P. was especially interesting
in that the phytolith data show an
unexpected  increase  of  deciduous
trees/shrubs.

D.8 PALEOENVIRONMENTAL
RECONSTRUCTION OF
COLUMN SAMPLES IN BT 36
AT 41PT185/C — PHASE II

Twenty one sediment samples were
collected in a column for a precise
reconstruction of approximately the last
2,000 years (Figure D-1). Biosilicates and
pollen were generally well-preserved.
Twenty four types of phytoliths were
identified, in addition to diatoms, algal
statospores and sponge spicules. Twenty
eight plant taxa were classified in the pollen
record, as well as two types of non-fungal
spores.  Zones were created based on
similarity of microfossil data to trace
changes in  vegetation and  thus
paleoenvironments.

Zone A: Study area warm and dry; stable
site surface.

Sample #1 (482-486 cmbs): At 1890 B.P.
the study area was clearly arid based on the
dominance of Chloridoids (83.1 percent).
However, the frequency of diatoms (19.5
percent) and the presence of cattail (Typha)
and willow (Salix) pollen, and to a lesser
extent the sedge family (Cyperaceae) pollen,
show that the site was ponded. The site
surface was relatively stable based on a
phytolith concentration of 3,282,358. Zone
A is largely defined by the relative high
concentration of non-vesiculate pollen. The
source area of vesiculate pollen was
relatively dry based on the low percentage
of pine pollen (7.1 percent).
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Zone B: Study area cooler and moister;
aggrading site surface.

Sample #2 (475-479 cmbs): The study area
was slightly cooler and moister based on the
climate indices (Figure D-5). The site was
more ponded given an increase cattail and
Cyperaceae pollen. Willow pollen
decreased slightly but remained relatively
high. There was also a slight increase in
diatoms. The site surface was aggrading
more rapidly based on a phytolith
concentration of 2,480,342. The source
arca for the vesiculate pollen was also
moister given the increase in pine and
spruce pollen from 7.1 to 30.5 percent.

Sample #3 (458-462 cmbs): The study area
became warmer and drier based on the
climate indices. However, the site was more
ponded based on an increase in cattail and
willow pollen, as well as the presence of a
fern spore. Moreover, the percentage of
diatoms remained high. The surface was
aggrading more rapidly. The source of the
vesiculate pollen was moister based on an
increase in pine and spruce pollen to 41.2
percent.

Sample #4 (429-432 cmbs): The study area
became considerably cooler given an
increase in frequency of Pooids from 7.3 to
26.4 percent. It was also moister (Figure D-
5). A decrease in diatoms indicates that the
site was less ponded. An increase of willow
pollen from 8.7 to 16.4 percent may be the
result of willows colonizing the “disturbed”
marsh margin. This interpretation is
supported by the as the highest percentage
(3.0 percent) of Lycopodium (moss) spores
found in the study and the continued
presence of cattail pollen. The source of the
vesiculate pollen was drier based on a
decrease in pine pollen to 25.1 percent.

Sample #6 (387-391 cmbs): The study area
became cooler and moister at this level
based on the climate indices. An increase in
diatoms (14.8 percent) shows that the site
returned to a marsh. However, the decline

of cattail pollen to only 0.5 percent and the
absence of willow pollen indicate that
ponded area was relatively small. The
source of the vesiculate pollen may have
been more mesic based on an increase in
pine pollen to 34.5 percent.

Zone C: Study area warm and dry; stable
site surface.

Sample #7 (367-370 cmbs): The study area
was warmer at this level based on a decrease
in Pooids and drier based on an increase in
Chloridoids and a decrease in Panicoids.
The site was generally drier given the
absence of cattail pollen and the paucity of
willow pollen. However, an increase in
frequency of diatoms (36.4 percent) shows
that the site was still ponded. An increase in
native grass pollen may be the result of more
arid conditions that favored drought tolerant
grasses. Cottonwood (Populus) and oak
(Quercus) become the principal woody
species at the site. An increase in phytolith
concentration  (8,027,856) reflects an
increase in site stability. The regional
environment was also drier based on a
decrease in vesiculate pollen to 24 percent.

Sample #8 (350-354 cmbs): The study area
was warmer and drier based on the climate
indices. A decrease in diatoms indicates that
marsh had shrunk. Sedge and moss may
have been growing on the disturbed damp
area around the marsh based on the presence
of moss spores and sedge pollen.
Cottonwood is the dominant arboreal
species in the area. The high frequency of
pine pollen (50.2 percent) shows that the
source area was more mesic.

Sample #9 (336-340 cmbs): At 1430 B.P.
the study area was cooler and slightly
moister based on the climate indices. The
site was still ponded based on the diatom
frequency. Cattail and sedge were present.
The non-vesiculate pollen and phytolith
concentrations are the highest at this level
reflecting a very stable site surface. The
source of the vesiculate pollen was

708

Technical Report No. 150832 fC TRC



Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

considerably drier based on a pine frequency
of only 18.1 percent.

Sample #10 (318-321 cmbs): The study
area was warmer and drier based on an
increase in Chloridoids and a decrease in
Pooids. The site was drier, but still ponded,
based on a decrease in diatoms. Pollen from
water loving plants such as cattail and
willow is absent at this level. However,
cottonwood is still relatively common. The
surface was very stable given the high
phytolith and pollen concentrations. The
source area of the pine pollen was more
mesic based on a higher frequency of pine
pollen (30.3 percent).

Sample #11 (305-309 cmbs): The study
area was slightly warmer and drier based on
the climate indices. The ponded area was
slightly larger based on an increase in
diatoms. This is the only sample with a
sponge spicule. The absence of cattail and
willow pollen may due to the absence of
these plants from the site due to increased
aridity. This was evidently the most stable
surface as it had the highest phytolith
concentration (12,787,513). However, the
pollen concentration decreased. Thus,
relatively more phytoliths were being
deposited than pollen as compared to the
previous samples. These differences in
concentrations can be explained by less
vegetation around the marsh which
evidently was producing much of the pollen.
The source area of the pine pollen was drier.

Sample #12 (290-293 cmbs): The study
area is slightly cooler and drier based on
relative differences in short cells. The
frequency of diatoms (11.4 percent) show
the site was still ponded. The presence of
sedge pollen and fern spores shows that
these plants were growing nearby, probably
on the wet margin. Cottonwood and oak are
still present. The surface was less stable at
this level based on a lower phytolith
concentration (7,497,837) but still relatively
stable. The source of the pine pollen was
more mesic.

Sample #13 (275-278 cmbs): At ca. 800
B.P. the study area was slightly warmer and
drier based on the climate indices.
However, the ponded area was slightly
larger given an increase in diatoms to 15.7
percent. Sedge pollen and fern spores are
present at the same frequencies as the
previous sample. Surface stability was
about the same. The source of the pine
pollen was slightly drier.

Zone D: Study area warmer and drier; more
rapid site aggradation.

Sample #14 (260-264 cmbs): The study
area was cooler and moister (Figure D-5).
The marsh was smaller based on a decrease
in diatoms. Moreover, the absence of
cottonwood pollen indicates more arid local
conditions.  Surface stability decreased
based on both the phytolith and pollen
concentrations. The source of the pine
pollen was slightly moister.

Sample #15 (247-251 cmbs): The study
area was slightly warmer and drier (Figure
D-5). The marsh was larger given an
increase in diatoms which may relate to an
increase in Ambrosia pollen. The site was
less stable based on a decrease in phytolith
and pollen concentrations. The source of the
pine pollen was moister.

Sample #16 (188-192 cmbs):  The trend
towards warmer and drier conditions
continued in the study area based on the
climate indices. However, the site itself was
more ponded given the very high frequency
of diatoms (72.4 percent) at a level. The
presence of moss spores supports this
interpretation. The site was also aggrading
more rapidly. The source of the pine pollen
was significantly drier.

Zone E: Study area moister; more rapid site
aggradation.

Sample #17 (194-199 cmbs): The study
area was slightly warmer and drier (Figure
D-5). The site was much drier than the
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previous level given the dramatic drop in the
frequency of diatoms. Sage (Artemisia)
pollen is absent from this level to the top of
the sequence. Site stability was about the
same. The source of the vesiculate pollen
was more mesic.

Sample #18 (188-192 cmbs): The study
area was cooler and moister based on an
increase in Pooids and Panicoids with a
concomitant decrease in Chloridoids. A
significant decrease in diatoms reflects a
significantly smaller marsh. Grass pollen
increases at this level. The site was
aggrading more rapidly based on an increase
in pollen and phytolith concentrations. The
source of the pine pollen was slightly drier.

Sample #19 (185-178 cmbs): The study
area was slightly warmer and drier (Figure
D-5). The site continued to be dry based
low diatom frequency. Surface stability was
about the same. The source of the pine
pollen was slightly moister.

Sample #20 (163-167 cmbs): At 500 B.P.
(projected date) the study area was slightly
warmer and moister (Figure D-5). The site
continued to be dry. Surface stability at the
site did not change significantly. The source
of the pine pollen was drier.

Sample #21 (146-151 cmbs): The study
area was somewhat cooler and moister
(Figure D-5). The site continued to be
relatively dry as in the as in the three
previous samples. The site was aggrading
somewhat more rapidly at this level. The
source of the pine pollen was drier.

D.8.1 SUMMARY oF BT 36 COLUMN
SAMPLES

Analysis of phytoliths, diatoms, and pollen
show a dynamic vegetational history and
paleoenvironment for the site, study area,
and the source of vesiculate (pine and
spruce) pollen. Five paleoenvironmental
zones were identified.

Zone A (482-486 cmbs): At 1890 B.P the
study area was warm and dry. The site was
ponded with a stable surface.

Zone B (475-391 cmbs): The study area was
cooler and moister. The site surface was
more rapidly aggrading and was ponded
except at 429-432 cmbs when the marsh
nearly dried up.

Zone C (367-278 cmbs): The study area was
warmer and drier. The site had a stable
surface and was ponded to varying degrees.

Zone D (260-192 cmbs): The study area was
warmer and drier. The site was the most
ponded at (188-192 cmbs) and experienced
more rapid aggradation.

Zone E (194-151 cmbs): The study area
was slightly moister. The site was much
drier and aggraded more rapidly.

The vesiculate pollen, mostly pine, evidently
blew in from some distance (probably to the
southwest in New Mexico) as it does not
occur in the study area today
(http://plants.usda.gov). = Moreover, pine
phytoliths were not found in any of the
samples. Fluctuations in pine pollen
frequencies show that the climate varied
considerably in the source area. However,
there were no clear correlations with the site
or study area data.

There were no close matches between the
phytolith data from this study and modern
phytolith assemblages analyzed by Fredlund
(Fredlund and Tieszen 1994). Grass
phytoliths, other than short cells, were not
sensitive to paleoenvironmental changes.

Pollen concentrations low in Zones B, D,
and E due to rapid aggradation not poor
preservation.
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D.9 ARCHAEOLOGICAL SITE
41PT185/C

The terrace on which the archaeological site
was situated was covered by a short grass
prairie dominated by Chloridoids grasses
typical of the study area today. No evidence
of plant use was found in these three feature
(Features 8, 18, and 10) samples. The
charred phytoliths (produced when plant
materials burn) in these samples do not
reflect cultural activities given that similar
numbers of burned phytoliths were found in
the non-archaeological samples. This
suggests short-term occupation. Phytolith
concentrations are typical of what was found
in BT 36 and thus do not indicate cultural
activities. The algal statospores and diatoms
may have blown in from the adjacent marsh.
No evidence of plant subsistence was found,
including maize phytoliths.
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Figure D-1. Profile of Backhoe Trench 36 Showing Sample and Radiocarbon Locations.

716

Technical Report No. 150832 O TRC



Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas
Bureau of Land Management

Biosilicate Frequency (%) for 41PT185/C
Grass subfamilies 7
Q
o
s \(b\\
. 00(\
& : & ®
g & SIS &
S S ¢ S
Dates (B.P.) Q O T ¥ ‘Q Zone
150 "M
E
2004
e b
250 *
860401
750 £40 m
. 3004 ’
A +
5
= c
1430+40m &
O 350 "
400+
+ B
450
1890. #'_\l'_\"_\"_\"_\"_\}l'_\ #v—\iv—\‘v—\‘v—\‘v—\lv—v—v—\‘v—\‘v—\‘v—\‘v—\iv—\‘v—\ “\‘\‘\‘\‘\‘\‘\‘\‘ T T T T T 1 A
5004 20 20 40 60 20 20 20 40 60 80 500 1000 1500
phytoliths per gram x 10,000

Fighre D-2. Biosilicate Frequesncy (percentages for 21 Column Samples from BT 36 at 41PT185/C Showing Interpreted
Paleoenvionmental Zones at Right Side

( TRC Technical Report No. 150832 o



Appendix D
Biosilicate Analysis and Palynology

Phytolith Frequency (%) for 41PT185/C

Other grass phytoliths Trees and shrubs

Grass subfamilies 7

Q
o)
& & .
&9 N L gL
2 ) N XN o A2
\) >° P 2L e
& o K& & e & & B <& e%Q(\QQ «’5\\0
&S P FESE T S EFF & o
& & ROESIEAR Py O € F LS O L O &E
& & & : I
Dates (B.P.)  <° o W NN PN RSN SIS Zone
U D rﬁﬁﬁﬁﬁ IR Iy [
. . . ]
200
. . b
250 +
860440 m
750 +40 = . ,
. R . . R .
2 . N . N
§ . R A .
= c
143040 & N .
Q 350 e e .
400+
N . B
450
1890 u A . A
T T T Tr o111 rrrr o1 T [ [ [ T [y~ r 1 [ 1 [ 1 [ 11 [ ‘ T T T T T 1
500 20 20 40 60 80 20 20 500 1000 1500

phytoliths per gram x 10,000
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Figure D-5. Climate Indices Calculated from Phytolith Frequencies of Pooids (Po),

Chloridoids (C), and Panicoids (Pan), Indicating Relative Temperature and
Moisture Changes Through Time from the 321 Column Samples out of BT 36,

41PT185/C.
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Non-Vesiculate Pollen Frequency (%) for 41PT185/C
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Figure D-8. Aridity Index Based on Pinus Pollen Frequency, Indicating Relative Moisture
Shifts through Time for 21 Column Samples from BT 36 at 41PT185/C.

QO TRC Technical Report No. 150832

725



Appendix D

Biosilicate Analysis and Palynology

Table D-1. Biosilicate Frequency Data for West Amarillo Creek, Potter County, Texas

Age B.P.
10850 | 9610 8280 4330 2250 1890 1840 1430 1390 860 750 600 300
Site 41PT245 | 41PT186 | 41PT186 | 41PT186 | 41PT186 | 41PT185/C | 41PT245 | 41PT185/C | 41PT245 | 41PT185/C | 41PT185/C | 41PT186 | 41PT186
Trench/Unit BT21 | BT6-2a | BT6-1a | BT40 | BT40 BT36 | BT20-2 | BT36 E:”f BT 36 BT 36 BT91 | BT55
Depth (cmbs) 271274 | 264-268 | 136-139 | 445-448 | 210-215 480 240 346-348 | 120130 | 265-268 | 282-285 125 ho riAZ o
418-004- | 341-004- | 341-004- | 10-004- | 10-004- 417-004- | 263-004- | 353-004- | 263-004- | 263-004- | 343-004- | 340-004-
Catalog number 1a 2 1a 2 1o | 2630045 | 4a 1a 1a 2 1a 1a
Phytolith Sum 215 213 200 211 212 216 203 200 217 213 220 221 221
Phytolith 498,839 | 241182 | 61943 | 70510 | 204280 | 311,073 | 376271 | 622,797 | 222731 | 718933 | 931561 | 180,700 | 394,063
Concentration
Biosilicate 216 214 202 217 222 321 205 308 218 229 286 223 227
Sum/counts
Grass Subfamilies
Aijr’i‘sdt'igg'ds’ 05 33 10 09 05 10 0.9 03 04 04
Chloridoids 28.7 40.7 6.4 415 374 483 449 416 514 60.3 52.8 121 51.1
Panicoids 5.1 05 0.5 18 4.1 34 15 26 14 17 17 0.4 4.4
Pooids 31.9 243 129 276 2423 78 22 42 197 8.3 7 76 16.3
Pooids; Stipa 16 ) 05 0.9 05 05 05 ) 0.7 0.4 0.9
Grass
Inflorescence/
seeds
Asteriform - - - 0.5 - - -
Dendriform 0.9 - 0.9 - - - -
Scutiform - - - 04
Rods - - - - -
Deeply-lobed 05 . 05 18 . 15 03 05 0.4 . 09
bodies
Other Grass
Phytoliths
Long cells 176 13.1 2423 8.3 122 5.2 137 10.4 19 10 8.4 33.2 12.8
Bulliform 8.3 107 38.6 10.1 7.7 - 59 39 8.9 48 3.1 36.8 26
Trichomes 14 37 5.4 238 32 22 6.3 16 3.2 7 2.1 76 44
Tracheids 0.5 - - - - - -
Stomata - 0.5 - - - -
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Cyperaceae plant - - - - - - - - - - - -

Cyperaceae
inflorescence

Dicotyledons
Trees, Shrubs and
Herbs

Flat Polyhedra - - - - - 0.3 - - 0.5 - 0.3
Trees and shrubs
Spinulose spheres 0.5 05 6.9 05 05 - - - - - - - -

;’h“y‘igﬁ‘t’fg 16 28 25 | 23 23 : 15 03 0.9 04 03 : 35

Sponge spicules - - 0.5 - - - - 0.3 - - - -
Algal statospores 0.5 0.5 - 1.8 4.5 6.8 0.5 4.2 0.5 2.2 5.6 0.9 1.3
Diatoms - - 0.5 0.9 - 25.9 0.5 30.5 - 4.8 175 - 1.3
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Table D-2. Phytolith Frequency Data for Short Cells and Trees and Shrubs at West Amarillo Creek, Potter County, Texas
Age B P.
10850 9610 8280 4330 2250 1890 1840 1430 1390 860 750 600 300
Site 41PT245 | 41PT186 | 41PT186 | 41PT186 | 41PT186 | 41PT185/C | 41PT245 | 41PT185/C | 41PT245 | 41PT185/C | 41PT185/C | 41PT186 | 41PT186
Provenience BT 21 BT 6-2a | BT 6-1a BT 40 BT 40 BT-36 BT 20-2 BT-36 le”f' BT-36 BT-36 BT-9-1 BT 5-5
Depth (cmbs) | 271-274 | 264-268 | 136-139 | 445-448 | 210-215 480 240 346-348 120-130 265-268 282-285 125 horiA;on
Catalog 418-004- | 341-004- | 341-004- | 10-004- | 10-004- 417-004- | 263-004- | 353-004- | 263-004- 263-004- | 343-004- | 340-004-
263-004-5
number 1a 2a 1a 2a 1a 1a 4a 1a 1a 2a 1a 1a
Phytolith Sum 148 147 57 159 149 192 143 149 162 161 180 47 166
Grass
subfamilies
Arundinoids; 0.7 4.8 35 1.3 0.7 1.4 - 1.2 - 0.6 2.1 0.6
Aristida
Chloridoids 41.9 58.5 22.8 56.6 55.7 80.7 64.3 85.9 69.1 85.7 83.9 574 69.9
Panicoids 74 0.7 1.8 25 6 57 2.1 54 1.9 25 2.8 2.1 6
Pooids 46.6 35.3 456 37.7 36.2 13.1 315 8.7 26.5 11.8 111 36.2 22.3
Pooids; 27 : 18 13 07 : 07 : 0.6 - 1.1 21 12
Stipa
Dicotyledons
Trees, shrubs
and herbs
Flat
Polyhedra i i i i i 05 i i 0.6 i 06
Trees and
shrubs
Spindlose | 7 07 246 06 07 i :
spheres
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Table D-3. Pollen Data for 41PT185/C

Age (B.P.)
1890 + 40 1430 + 40 860 = 40 750 £ 40
Depth (cmbs) 480 334-336 265-268 282-285
Provenience BT 36, M-1-1 | BT 36, M-3-4 | BT 36, M-5-9 | BT 36, M-4-6
Catalog No. 263-004-5 263-004-3a 263-004-1a 263-004-2a
Pollen Sum 227 276 225 228
Pollen Concentration 24,912 25,670 3,566 11,005
Trees and Shrubs
Abies 04 04 0.4
Pinus - 04 0.9 1.3
Pinus ponderosa-type 11.9 3.6 15.1 15.4
Pinus edulis-type 5.7 14.6 244 20.6
Juniperus 1.3 1.1 04 -
Ephedra 1.3 1.4 2.2
Alnus 04 -
Juglans - 04 -
Populus-type 0.9 - 04 1.3
Quercus 2.2 25
Salix 4 04 - -
Artemisia 9.7 4.7 4 1.8
Herbaceous Plants
Acalypha-type 1.3
Long-spine ASTERACEAE - 0.7 - -
Hi-spine ASTERACEAE 4.4 6.5 53 20.6
Low-spine ASTERACEAE 21.6 36.6 20 14.4
Ambrosia 0.4 2.2 6.2 1.8
BRASSICACEAE 4 5.1 3.1 1.8
Cheno-am 4.8 6.5 2.2 4.4
Eriogonum-type 2.6 04
FABACEAE 13
MALVACEAE 2.2
ONAGRACEAE - 04 0.9 1.3
POACEAE 53 4.7 12.9 74
Polygonum 2.6 2.2 0.9 1.8
CYPERACEAE 1.3 25 0.9 0.9
Unknown pollen 11 25 0.9 2.6
Sporomiella 04
Aggregates
Artemisia 4,55,9 -
High-spine Asteraceae 1,2,2 - 1,2,2 18,27, 8
Low-spine Asteraceae 2,253 4,233 17,4.1,12 -
Cheno-am - 1,3,3 -
BRASSICACEAE 4,14.3,30 1,3,3
Ephdra - 2,2,2
POACEAE - 4,35,5

*Aggregate notation shows total number, mean size, and largest aggregate (Texas pollen 2)
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Table D-4. Pollen Data (without vesiculate grains) on Four Samples

from 41PT185/C
Age (B.P.) 1890 £40 | 1430 +£40 | 860 +40 750 *40
Depth (cmbs) 480 334-336 265-268 282-285
. BT 36, M- | BT36,M- | BT 36, M-
Provenience 141 34 5.9 BT 36, M-4-6
Catalog No. 263-004-5 | 263-004-3a | 263-004-1a 263-004-2a
Pollen Sum 187 223 135 140
Pollen Concentration 20,522 20,741 2,140 6,757
Trees and shrubs
Juniperus 1.6 1.3 0.7 -
Ephedra 1.6 1.8 3.6
Alnus 0.5 - -
Juglans - 0.7 -
Populus-type 1.1 - 1.5 2.1
Quercus 2.7 3.1
Salix 4.8 0.5 - -
Artemisia 11.8 5.8 6.7 2.9
Herbaceous plants
Acalypha-type 1.6 -
Long-spine ASTERACEAE - 0.9 - -
Hi-spine ASTERACEAE 5.3 8.1 8.9 33.6
Low-spine ASTERACEAE 26.2 453 33.3 23.6
Ambrosia 0.5 2.7 10.4 2.9
BRASSICACEAE 4.8 6.3 5.2 2.9
Cheno-am 59 8.1 3.7 7.1
Eriogonum-type 3.2 0.5
FABACEAE 1.6 -
MALVACEAE 2.7 - - -
ONAGRACEAE - 0.5 15 2.1
POACEAE 6.4 5.8 215 12.1
Polygonum 3.2 2.7 1.5 2.9
CYPERACEAE 1.6 3.1 15 1.4
Unknown pollen 13.4 3.1 2.2 2.9
Sporomiella - 0.7 -
Aggregates
Artemisia - 4,55,9 -
High-spine Asteraceae 1,2,2 - 1,2,2 18,2.7,8
Low-spine Asteraceae 2,25,3 4,23,3 17,4.1,12 -
Cheno-am - 1,3,3 -
BRASSICACEAE 4,143, 30 1,3,3
Ephdra - - 2,2,2
POACEAE - 4,35,5

*Aggregate notation shows total number, mean size, and largest aggregate (Texas pollen 3)
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Table D-5. Biosilicate Frequency Data for 41PT185/C

Provenience N104 E105 | N118E105 | N112E105
1129-004-
Catalog number 471-004-1a 1a 801-004-1a
Depth (cmbs) 50-60 50-60 62-65
Feature 8 18 10
Phytolith Sum 285 283 358
Phytolith Concentration 3,259,172 2,404,109 2,289,106
Biosilicate Sum 288 285 362
Grass subfamilies
Pooids (total) = 6.9 7.8 94
Keeled 1 3.2 {2} 14
Conical 2.4 04 3
Pyramidal - - 0.3
Crenate 35 35 3.3
Disks w/ peg like sculpturing 0.7 14
Stipa-type - - -
Chloridoids (total) = 66.3 {1} 60 50.8 {1}
Panicoids (total) = 1.3 0.7 1.2
Simple lobate 0.7 0.7 -
Panicoid type 0.3 0.6
Cross 0.3 0.6
Arundinoids - - -
Avristida-type 0.3 2.1 1.1
Grass inflorescence/seeds
Asteriform - -
Dendriform - 3
Scutiform - -
Rods - -
Deeply-lobed bodies 0.7 1.1
Other grass phytoliths -
Long cells 14.9 16.1 215{1}
Bulliform 45 6.7 {1} 6.9
Trichomes 2.8 3.9 5
Tracheids - -
Cyperaceae -
Asteraceae -
Trees and shrubs
Polyhedra 0.7 - 0.6
Spinulose spheres - 04 -
Unknown phytoliths 0.3 1.8 1.1
Sponge spicules - - -
Algal statospores 1 04 0.3
Diatoms 04 0.8

*(41PT185/C biosilicates features) {number of charred phytoliths}
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Table D-6. Phytolith Frequency Data for 41PT185/C
Provenience N104 E105 N118 E105 N112 E105
Catalog Number 471-004-1a | 1129-004-1a | 801-004-1a
Depth (cmbs) 50-60 50-60 62-65
Feature 8 18 10
Phytolith Sum 285 283 358
Phytolith Concentration 3,259,172 2,404,109 2,289,106
Grass subfamilies
Pooids (total) = 7 7.8 9.6
Keeled 1 3.2{2} 1.4
Conical 2.5 04 3.1
Pyramidal - - 0.3
Crenate 3.5 3.5 34
Disks w/ peg like sculpturing 0.7 1.4
Stipa-type - - -
Chloridoids (total) = 67.0 {1} 60.4 514 {1}
Panicoids (total) = 1.3 0.7 1.2
Simple lobate 0.7 0.7 -
Panicoid type 0.3 - 0.6
Cross 0.3 0.6
Arundinoids - - -
Aristida-type 0.3 21 11
Grass inflorescence/seeds
Asteriform - -
Dendriform - 3
Scutiform -
Rods - - -
Deeply-lobed bodies 0.7 1.1
Other grass phytoliths -
Long cells 15.1 16.3 21.8
Bulliform 4.6 6.7 {1} 7
Trichomes 2.8 3.9 5
Tracheids
Cyperaceae -
Asteraceae
Trees and shrubs
Polyhedra 0.7 - 0.6
Spinulose spheres - 04 -
Unknown phytoliths 0.3 1.8 1.1
*(41PT185/C phytoliths features) {number of charred phytoliths}
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Table D-7. Grass Short-Cell Frequency Data for 41PT185/C

Provenience N104 E105 | N118 E105 | N112 E105
Catalog Number arr-004-1a | 1120 g01.004-1a
Depth (cmbs) 50-60 50-60 62-65
Feature 8 18 10
Short-Cell Sum 216 201 227
Short-Cell Concentration 2,470,110 | 1,707,512 | 1,451,472
Grass subfamilies
Pooids (total) = 9.2 11 14.9
Keeled 14 4.5{2} 2.2
Conical 3.2 05 4.8
Pyramidal - - 0.4
Crenate 4.6 5 53
Disks w/ peg like sculpturing 1 2.2
Stipa-type - - -
Chloridoids (total) = 88.4 {1} 85.1 81.1{1}
Panicoids (total) = 1.9 1 1.8
Simple lobate 0.9 1 -
Panicoid type 0.5 0.9
Cross 0.5 - 0.9
Arundinoids - - -
Avristida-type 0.5 3 1.8

*(41PT185/C short cell features) {number of charred phytoliths}
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E.1 INTRODUCTION

One-hundred and twenty-nine chert samples
from Texas and New Mexico were
submitted for compositional analysis by
neutron  activation. Analyses  were
conducted at the Archaeometry Laboratory
at the University of Missouri Research
Reactor (MURR). Samples analyzed in this
study represent materials collected from
chert and jasper sources in the Texas
Panhandle and northeastern New Mexico
(Table E-1 and Figure E-1) as well as chert
and  jasper  artifacts from  three
archaeological sites in Potter County, Texas
(Table E-2, Figures E-2). Samples were
submitted by Mike Quigg, of TRC, Austin,
Texas, as part of the Landis Property project
(TRC Project 150832) in the Texas
Panhandle.

Instrumental Neutron Activation Analyses
(INAA) of Texas cherts, here used as a
catch-all term for cryptocrystalline silicates
such as flint, jasper, agate, etc., have been
undertaken at MURR by multiple
researchers since 1994 (Table E-3). In some
instances (e.g., Frederick et al. 1994) these
studies have resulted in meaningful
discrimination among geological sources.
Other studies have demonstrated that
chemical variation within individual sources
is too great to allow confident identification
by INAA (e.g., Boulanger and Glascock
2008).

The primary goals of the current study are to
determine whether sufficient chemical
variation exists among different chert
sources in the Texas Panhandle to allow
confident association of artifacts with a
particular geological source. Specifically,
chert (more-properly an agatized dolomite)
from the Quartermaster Formation and chert
(colloquially referred to as a jasper) from the
Tecovas Formation are compared. The two
lithic materials have highly variable
characteristics, some of which confound
efforts to distinguish either material based
solely on visual criteria. Chemical analysis

may be one means of confidently identifying
the stone from which a particular artifact is
made. This analysis also seeks to determine
whether unique chemical “fingerprints” can
be identified for specific prehistoric quarries
or geological sources of these lithic
materials, thereby allowing archaeologists to
address  questions  relating to  the
procurement and distribution of lithic
resources.

E.2 SAMPLE PREPARATION

Upon arrival at MURR, the source samples
were washed in deionized water to remove
all possible dirt and loose material from
their surfaces. Samples for INAA were
prepared by placing source specimens
between two tool-steel plates and crushing
them with a Carver Press. Several small 50—
100 mg fragments were obtained from the
crushed specimens. Fragments were
examined under low-power magnification,
and fragments with metallic streaks or crush
fractures were eliminated from
consideration. Several grams of the
remaining fragments were obtained from
each sample and temporarily stored in
plastic bags.

Two analytical samples were prepared from
each source specimen. Portions of
approximately 200 mg of rock fragments
were weighed into clean high-density
polyethylene vials used for short irradiations
at MURR. At the same time, 800 mg
aliquots from each sample were weighed
into clean high-purity quartz vials used for
long irradiations. Individual sample weights
were recorded to the nearest 0.01 mg using
an analytical balance. Both vials were
sealed prior to irradiation. Along with the
unknown samples, standards made from
National Institute of Standards and
Technology (NIST) certified standard
reference materials of SRM-1633a (Coal Fly
Ash), SRM-278 (Obsidian Rock), and SRM-
688 (Basalt Rock) were similarly prepared.
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E.3 IRRADIATION AND GAMMA-
RAY SPECTROSCOPY

Neutron activation analysis (NAA) of most
archaeological samples at MURR, which
consists of two irradiations and a total of
three gamma counts, constitutes a superset
of the procedures used at most other NAA
laboratories (Glascock 1992; Glascock and
Neff 2003; Neff 2000). As discussed in
detail by Glascock (1992), a short irradiation
is carried out through the pneumatic tube
irradiation system. Samples in the polyvials
are sequentially irradiated, two at a time, for
five seconds by a neutron flux of 8 x 10" n
em” s'.  The 720-second count yields
gamma spectra containing peaks for nine
short-lived elements aluminum (Al), barium
(Ba), calcium (Ca), dysprosium (Dy),
potassium (K), manganese (Mn), sodium
(Na), titanium (T1), and vanadium (V).

The long-irradiation samples are
encapsulated in quartz vials and are
subjected to a 70-hour irradiation at a
neutron flux of 5 x 10" n cm™ s™. This long
irradiation is analogous to the single
irradiation  utilized at most  other
laboratories.  After the long irradiation,
samples decay for seven days, and then are
counted for 1800 seconds (the "middle
count") on a high-resolution germanium
detector coupled to an automatic sample
changer. The middle count yields
determinations of seven medium half-life
elements, namely arsenic (As), lanthanum
(La), lutetium (Lu), neodymium (Nd),
samarium (Sm), uranium (U), and ytterbium
(Yb). After an additional three- or four-
week decay, a final count of 8500 seconds is
carried out on each sample. The Ilatter
measurement yields the following 17 long
half-life elements: cerium (Ce), cobalt (Co),
chromium (Cr), cesium (Cs), europium (Eu),
iron (Fe), hafnium (Hf), nickel (Ni),
rubidium (Rb), antimony (Sb), scandium
(Sc), strontium (Sr), tantalum (Ta), terbium
(Tb), thorium (Th), zinc (Zn), and zirconium
(Zr).

The element concentration data from the
three measurements are tabulated in parts
per million using Microsoft® Office Excel.
Descriptive data for archaeological samples
are appended to the concentration
spreadsheet. These data are also stored in a
dBase/FoxPro database file useful for
organizing, sorting, and extracting sample
information. = The combined descriptive,
contextual, and compositional database for
samples analyzed as part of this study is
available upon request to the Archacometry
Laboratory.

E.4 INTERPRETING CHEMICAL
DATA

Analyses at MURR described previously
produce elemental concentration values for
32 elements in most analyzed samples.
However, cryptocrystalline silicates do not
always have sufficient quantities of these 32
elements to be detectable using the above
procedures. Compositional data for the 129
samples were divided into subgroups
reflecting each geological source location.
Each of these subgroups was then assessed
for missing elemental values. Any element
missing in greater than 50% of the samples
within each particular subgroup was
eliminated from consideration in the
statistical evaluation of these data. This
process eliminated 14 elements from the
database (Table E-4).

All subgroups were then re-combined, and
statistical analyses were subsequently
carried out on base-10 logarithms of
concentrations on the remaining 18
elements. Use of log concentrations rather
than raw data compensates for differences in
magnitude between the major elements, such
as sodium, and trace elements, such as the
rare earth or lanthanide elements (REEs).
Transformation to base-10 logarithms also
yields a more normal distribution for many
trace elements.
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The interpretation of compositional data
obtained from the analysis of archaeological
materials is discussed in detail elsewhere
(e.g., Baxter and Buck 2000; Bieber, et al.
1976; Bishop and Neff 1989; Glascock
1992; Harbottle 1976; Neff 2000) and will
only be summarized here. The main goal of
data analysis is to identify distinct
homogeneous groups within the analytical
database. Based on the provenance
postulate of Weigand et al. (1977), different
chemical groups may be assumed to
represent geographically restricted sources.
For lithic materials such as obsidian, basalt,
and cryptocrystalline silicates (e.g., chert,
flint, or jasper), raw material samples are
frequently collected from known outcrops or
secondary deposits and the compositional
data obtained on the samples is used to
define the source localities or boundaries.
The locations of sources can also be inferred
by comparing unknown specimens (i.e.,
ceramic artifacts) to knowns (i.e., clay
samples) or by indirect methods such as the
“criterion of abundance” (Bishop, et al.
1982) or by arguments based on geological
and sedimentological characteristics (e.g.,
Steponaitis, et al. 1996). The ubiquity of
ceramic raw materials usually makes it
impossible to sample all potential “sources”
intensively enough to create groups of
knowns to which unknowns can be
compared. Lithic sources tend to be more
localized and compositionally homogeneous
in the case of obsidian or compositionally
heterogeneous as is the case for most cherts.

Compositional groups can be viewed as
“centers of mass” in the compositional
hyperspace described by the measured
elemental data. Groups are characterized by
the locations of their centroids and the
unique relationships (i.e., correlations)
between the elements. Decisions about
whether to assign a specimen to a particular
compositional group are based on the overall
probability that the measured concentrations
for the specimen could have been obtained
from that group.

Initial hypotheses about source-related
subgroups in the compositional data can be
derived from non-compositional information
(e.g., archaeological context, decorative
attributes, etc.) or from application of
various pattern-recognition techniques to the
multivariate chemical data. Some of the
pattern recognition techniques that have
been used to investigate archaeological data
sets are cluster analysis (CA), principal
components analysis (PCA), and
discriminant analysis (DA). Each of the
techniques has it own advantages and
disadvantages which may depend upon the
types and quantity of data available for
interpretation.

The variables (measured elements) in
archaeological and geological data sets are
often correlated and frequently large in
number. This makes handling and
interpreting patterns within the data difficult.
Therefore, it is often useful to transform the
original variables into a smaller set of
uncorrelated variables in order to make data
interpretation easier. Of the above-
mentioned pattern recognition techniques,
PCA is a technique that transforms from the
data from the original correlated variables
into uncorrelated variables most easily.

Principal components analysis creates a new
set of reference axes arranged in decreasing
order of variance subsumed. The individual
PCs are linear combinations of the original
variables. The data can be displayed on
combinations of the new axes, just as they
can be displayed on the original elemental
concentration axes. PCA can be used in a
pure pattern-recognition mode, i.e., to search
for subgroups in an undifferentiated data set,
or in a more evaluative mode, i.e., to assess
the coherence of hypothetical groups
suggested by other criteria.  Generally,
compositional differences between
specimens can be expected to be larger for
specimens in different groups than for
specimens in the same group, and this
implies that groups should be detectable as
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distinct areas of high point density on plots
of the first few components.

Principal components analysis of chemical
data is scale dependent, and analyses tend to
be dominated by those elements or isotopes
for which the concentrations are relatively
large. As a result, standardization methods
are common to most statistical packages. A
common approach is to transform the data
into logarithms (e.g., base 10). As an initial
step in the PCA of most chemical data at
MURR, the data are transformed into log
concentrations to equalize the differences in
variance between the major elements such as
Al, Ca and Fe, on one hand and trace
elements, such as the rare-earth elements
(REEs), on the other hand. An additional
advantage of the transformation is that it
appears to produce more nearly normal
distributions for the trace elements.

One frequently exploited strength of PCA,
discussed by Baxter (1992), Baxter and
Buck (2000), and Neff (1994; 2002), is that
it can be applied as a simultaneous R- and
Q-mode technique, with both variables
(elements) and objects (individual analyzed
samples) displayed on the same set of
principal component reference axes. A plot
using the first two principal components as
axes is usually the best possible two-
dimensional representation of the correlation
or variance-covariance structure within the
data set. Small angles between the vectors
from the origin to variable coordinates
indicate strong positive correlation; angles at
90 degrees indicate no correlation; and
angles close to 180 degrees indicate strong
negative correlation. Likewise, a plot of
sample coordinates on these same axes will
be the best two-dimensional representation
of Euclidean relations among the samples in
log-concentration space (if the PCA was
based on the variance-covariance matrix) or
standardized log-concentration space (if the
PCA was based on the correlation matrix).
Displaying both objects and variables on the
same plot makes it possible to observe the
contributions of specific elements to group

separation and to the distinctive shapes of
the various groups. Such a plot is
commonly referred to as a “biplot” in
reference to the simultaneous plotting of
objects and variables. The variable inter-
relationships inferred from a biplot can be
verified directly by inspecting bivariate
elemental concentration plots.

Whether a group can be discriminated easily
from other groups can be evaluated visually
in two dimensions or statistically in multiple
dimensions. A metric known as the
Mahalanobis  distance (or generalized
distance) makes it possible to describe the
separation between groups or between
individual samples and groups on multiple
dimensions. The Mahalanobis distance of a
specimen from a group centroid (Bieber, et
al. 1976; Bishop and Neff 1989) is defined
by:

D, =[y-XI1[y-X]

where y is the 1 x m array of logged
elemental concentrations for the specimen of
interest, X is the n x m data matrix of logged
concentrations for the group to which the

point is being compared with X being it 1

x m centroid, and /, is the inverse of the m x
m variance-covariance matrix of group X.
Because Mahalanobis distance takes into
account variances and covariances in the
multivariate group it is analogous to
expressing distance from a univariate mean
in standard deviation units. Like standard
deviation units, Mahalanobis distances can
be converted into probabilities of group
membership for individual specimens. For
relatively small sample sizes, it is
appropriate to base probabilities on
Hotelling’s 7°, which is the multivariate
extension of the univariate Student’s 7.

When group sizes are small, Mahalanobis
distance-based probabilities can fluctuate
dramatically depending upon whether or not
each specimen is assumed to be a member of
the group to which it is being compared.
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Harbottle (1976) calls this phenomenon
“stretchability” in reference to the tendency
of an included specimen to stretch the group
in the direction of its own location in
elemental concentration space. This
problem can be circumvented by cross-
validation, that is, by removing each
specimen from its presumed group before
calculating its own probability of
membership (Baxter 1994; Leese and Main
1994). This is a conservative approach to
group evaluation that may sometimes
exclude true group members.

Small sample and group sizes place further
constraints on the use of Mahalanobis
distance: with more elements than samples,
the group variance-covariance matrix is
singular thus rendering calculation of /, (and
D’ itself) impossible. Therefore, the
dimensionality of the groups must somehow
be reduced. One approach would be to
eliminate elements considered irrelevant or
redundant. The problem with this approach
is that the investigator’s preconceptions
about  which elements should be
discriminate may not be valid. It also
squanders the main advantage of
multielement analysis, namely the capability
to measure a large number of elements. An
alternative approach is to calculate
Mahalanobis distances with the scores on
principal components extracted from the
variance-covariance or correlation matrix for
the complete data set. This approach entails
only the assumption, entirely reasonable in
light of the above discussion of PCA, that
most group-separating differences should be
visible on the first several PCs. Unless a
data set is extremely complex, containing
numerous distinct groups, using enough
components to subsume at least 90 percent
of the total variance in the data can be
generally assumed to yield Mahalanobis
distances that approximate Mahalanobis
distances in full elemental concentration
space.

Lastly, Mahalanobis distance calculations
are also quite useful for handling missing

data (Sayre 1975). When many specimens
are analyzed for a large number of elements,
it is almost certain that a few element
concentrations will be missed for some of
the specimens. This occurs most frequently
when the concentration for an element is
near the detection limit.  Rather than
eliminate the specimen or the element from
consideration, it is possible to substitute a
missing value by replacing it with a value
that minimizes the Mahalanobis distance for
the specimen from the group centroid.
Thus, those few specimens which are
missing a single concentration value can still
be used in group calculations.

E.5 RESULTS AND DISCUSSION

As stated above, the NAA results were
entered into a spreadsheet and combined
with the provided descriptive data to create a
database for sorting and extraction of quarry
subgroups. These data are provided in
Appendix E-1.

An RQ-mode principal components analysis
(PCA) with variance-covariance matrix
reveals that greater than 90% of the
cumulative variance in the dataset is
explained by 10 principal components
(Table E-5). The first three eigenvectors are
most-heavily loaded by transition metals—
specifically Mn and Fe. Biplots of PC
scores show a high degree of overlap
between all of the chert sources in the Texas
Panhandle database (Figures E-3 and E-4).
Failure to separate individual sources or
specific geological formations in PC space
reflects general compositional similarities
among all of the sources. However, the
relatively large number of elements
excluded from this analysis (N = 14) and the
relatively small number of samples
representing individual sources (min. = 1;
max. = 13) are factors that likely bias these
results.

It is not surprising that most of the
Quartermaster cherts are chemically similar,
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particularly when it is considered that most
of the samples are derived from two
geographically close sources in Potter
County. What is surprising is that the
various sources of Tecovas jasper appear to
have highly variable compositions, despite
some of them being separated by distances
of more than 60 miles. Despite general
chemical similarities of the jasper samples,
samples from Randall County are enriched
in Mn such that they can be easily
distinguished from other jasper sources.
Similarly, the two chert samples from the
Dockum Group of northeastern New Mexico
are distinguished from chert/dolomite of the
Quartermaster Formation.

Given that only slight differences in
chemistry exist among specific sources,
canonical discriminant analysis (CDA) was
conducted on the source samples grouped
according to geological formation of origin.
Scores from the resulting CDA matrix
produce clear separation between the
Quartermaster chert/dolomite samples and
the Tecovas jasper sources. Elements La,
Sb, Ce, Na, and Co are responsible for the
greatest differences between these two
source materials in CDA space (Figure E-5).
When artifact samples are projected in a
biplot of CD scores for the Tecovas jasper
and Quartermaster chert/dolomite, most
artifacts visually classified as chert/dolomite
from the Quartermaster Formation appear to
be compositionally similar to source
samples from that formation (Figure E-6).
There is less agreement between the visual
and chemical classifications of suspected
Tecovas jasper artifacts (Figure E-7).
Figure E-8 shows artifacts that were not
visually classified.

A second CDA on individual quarries
represented in the database met with mixed
success. Based on the highly similar
compositions of samples from 41PT1 and
the unnamed Potter County source, and the
geographical proximity of these two sources,
we opted to consolidate them into a single
Potter County source group. Biplots of the

resulting CD scores fail to fully distinguish
most of the sources from each other, with
the exceptions of the Randall County jasper
source and the chert source in Baldy Hill,
NM. Randall County jaspers appear to be
enriched in Na, whereas Baldy Hill cherts
appear enriched in Th and Sm. As with the
previous CDA, there appears to be some
separation between Quartermaster chert and
Tecovas jasper. Quartermaster cherts, in
general, are La, Co, and U. Tecovas jaspers
are enriched in Sb, Na, Ce, Ba, and Eu.
However, samples from Roberts County
appear to split into both the chert and jasper
portions of the biplots (Figure E-9). Given
the overlap of most individual sources in CD
space, resolving artifact “source” appears
restricted to designating a  general
provenance to Potter County Alibates,
Tecovas Jasper, Baldy Hill, and Randall
County jasper. As with the previous CDA,
visual characterization is in general
agreement with chemical characterization
(Figures E-10, E-11, and E-12).

The overall low number of samples
representing each quarry prevents us from
calculating  artifact  probabilities  of
membership  within  specific  quarry
compositional groups. Further, given the
current sample database, we do not believe
that sufficient elemental variation exists
among specific quarries to result in
meaningful artifact assignments. However,
we are able to demonstrate that
Quartermaster chert/dolomite is chemically
distinct from Tecovas formation jasper. As
such, when source samples are grouped
according to geological formation and
canonical discriminant scores are used as the
distance metric, probabilities of membership
in these compositional groups may be
calculated for artifacts (Table E-6). Care
should be taken in interpreting these results
given the chemical heterogeneity of
individual sources. We recommend that as a
general rule, samples with greater than 5
percent probability of belonging to a certain
group be considered members of that group.
Importantly, this is statistical argument.
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Although decreasing the probability level
necessary for considering a sample a valid
group member would increase the number of
assignments, but it would also increase the
chances of incorrectly classifying individual
specimens.

E.6 CONCLUSIONS

Analysis of a large sample of chert and
jasper samples from the Texas Panhandle
has demonstrated that meaningful chemical
differences may exist among different
geological formations. Jasper source
samples obtained from Randall County, and
chert samples obtained from Baldy Hill
appear to be distinct from all other sources
sampled in this study. Admittedly, only a
handful of samples have been analyzed from
these sources, so these findings must be
considered preliminary. Importantly, we
have demonstrated that source samples of
the Alibates agatized dolomite/chert from
the Quartermaster Formation can be
distinguished from source samples of the
Tecovas jasper using CDA.  Projecting
artifact samples into the CD space for the
database suggests that visual classification
of Quartermaster materials is in good
agreement with chemical characterization.
Visual classification of Tecovas jasper is in
less agreement.

Given the chemical heterogeneity of source
samples analyzed here and the number of
elements that had to be eliminated because
of low or no concentrations, sourcing studies
may also be well served by comparative
petrographic analyses of source samples.
Our inability to refine these results to
produce  quarry-specific =~ compositional
groups is hampered by the relatively few
samples analyzed from each source. Future
studies of these sources should focus on
obtaining at least 10 to 5 representative
samples from each individual source.
Enlarging the number of samples per quarry
should allow refinement of these results, as
well as a better understanding of the

compositional variability in these lithic
materials.
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Table E-1. Analytical IDs (ANIDs), Provenience, Type, and Number of Chert and Jasper
Source samples Analyzed in this study.

All assessments of the geological nature of material are made by M. Quigg

Quartermaster Formation Chert/Dolomite

Sample No.
ANIDs Site Material Formation Location Type Samples
TRC407-411, Agatized
448, 520-526 41PT1 Dolomite Quartermaster | Potter Co., TX Source 13
TRC438 Greenbelt Dé};lgrrt%ek Quartermaster | Donley Co., TX | Source 1
TRC390-393 Agatizgd Quartermaster | Roberts Co., TX | Source 4
Dolomite
TRC399-404, Agatized
441-442 Dolomite Quartermaster | Potter Co.,, TX | Source 8
Tecovas Formation Jasper
Sample No.
ANIDs Site Material Formation Location Type Samples
TRC439-440 Blue Creek 1 & 3 Jasper Tecovas Moore Co., TX |Source 2
TRC510-514 41PT434 Jasper Tecovas Potter Co., TX |[Source 5
TRC515-519 410L284 Jasper Tecovas Oldham Co., TX [Source 5
TRC384-389,
487-490 41PT276 Jasper Tecovas Potter, Co., TX |Source 9
TRC394-398 Jasper Tecovas Briscoe Co., TX |Source 5
TRC444-447 Jasper Tecovas Randall Co., TX |Source 4
Other Chert Sources
Sample No.
ANIDs Site Material Formation Location Type Samples
TRC405-406 Baldy Hill Chert Dockum Union Co., NM |Source 2

Table E-2. Analytical IDs (ANIDs), Provenience, Type, and Number of Chert and Jasper
Artifacts Analyzed in this Study.

No.
ANIDs Site No. Site Name Location Samples
TRC412-418, 449-471, 491-509 | 41PT185/C Pipeline Potter Co., TX 49
TRC419-423, 472-483 41PT186 Corral Potter Co., TX 17
TRC424-428 41PT245 Pavilion Potter Co., TX 5
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Table E-3. Prior Studies of Texas Cherts Conducted by NAA at MURR.

Note that published reports for projects by Hudler (1998) could not be located at the time of

this writing.
Formation or
Investigator Year Chert Name Location Reference
C. Frederick 1994 Edwards Fort Hood, TX (Frederick, et al. 1994)
C. Turnbull 1994 Edwards/ Segovia Howard County, TX Turnbov;/gagnéj Staley
D. Hudler 1998 Willis Gravels De Witt County, TX
D. Hudler 2001 Leon Creek Bluff, TX (Glascock 2001)
. Southwest TX (Glascock and
M. Quigg 2004 Edwards Fmt. (multiple) Speakman 2008)
. : . (Glascock and
M. Quigg 2006 Glen Rose Gillespie County, TX Speakman 2006a)
. (Glascock and
M. Quigg 2006 Edwards Fmt. Taylor County, TX Speakman 2006b)
Llano Riv. Gravel, (Boulanger and
M. Quigg 2007 Gorman Fmt., & Mason County, TX Glascock 2007)
Marble Falls Fmt.
Callahan Divide, TX (Boulanger and
K. Caffrey 2008 Edwards Fmt. (multiple) Glascock 2008)

Table E-4. List of Elements in Chert Samples from the Texas Panhandle Found to be at or
Below the Minimum Detectable Limits using Standard MURR Procedures.

These elements were removed from consideration

Quartermaster Chert/Dolomite

As | Lu | Yb | Cs | Ni | Rb | Ta | Zn | Al | Ca | Dy | K Ti
41PT1 X X X X
Roberts Co. X X X
Potter Co. X X X
Greenbelt X X X X X X X X

Tecovas Jasper

As | Lu | Yb | Cs | Ni | Rb | Ta | Zn | Al | Ca | Dy K Ti
410L284 X X X X X X
41PT276 X X X
41PT434 X X
Briscoe Co. X
Blue Creek X X X X X X
Randall Co. X X X X X X X X

Other

As | Lu | Yb | Cs | Ni | Rb | Ta | Zn | Al | Ca | Dy K Ti

Baldy Hill X X X X X X
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Table E-5. RQ-Mode Principal Component Analysis with Variance-Covariance Matrix.

The first eight principal components are shown, representing greater than 90% cumulative
variance within the dataset. Strong elemental loading scores on eigenvectors are shown in bold.

Principal Components

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
% Variance | 34.63461 | 20.18220 | 13.55667 | 7.00662 | 5.99693 | 4.97551 | 3.53998 | 2.50200
Cum. % Var. | 34.63461 | 54.81681 | 68.37348 | 75.38010 | 81.37703 | 86.35254 | 89.89251 | 92.39451
Eigenvectors

Mn 0.48263 | 0.61678 | 0.10174 | -0.06124 | 0.21039 | -0.12939 | 0.39232 | 0.14787
Cr 0.30444 | -0.31126 | -0.15430 | -0.02140 | 0.74736 | -0.17515 | -0.35016 | -0.18661
Co 0.28206 | 0.16631 | -0.07789 | -0.23831 | -0.07122 | -0.42179 | -0.09487 | 0.14838
Sb 0.25534 | -0.04137 | -0.43423 | 0.02125 | -0.14448 | 0.04533 | 0.27647 | -0.43832
Ce 0.24784 | -0.00204 | 0.09863 | 0.25670 | -0.05871 | 0.10014 | -0.02223 | 0.01477
Fe 0.24570 | -0.14924 | -0.65560 | -0.08341 | -0.38195 | -0.07345 | -0.10227 | 0.15656
Sm 0.22868 | 0.03140 | 0.05127 | 0.31094 | -0.07447 | 0.15469 | -0.18032 | -0.04145
U 0.22750 | 0.11009 | -0.03171 | 0.37138 | -0.02102 | 0.25915 | -0.19727 | -0.05318
Nd 0.21297 | 0.02381 | 0.09319 | 0.26264 | -0.08068 | 0.16322 | -0.17081 | -0.00946
Ba 0.21007 | 0.05873 | 0.13239 | -0.38016 | -0.17693 | 0.46644 | -0.19392 | -0.17006
La 0.19483 | -0.01944 | 0.15499 | 0.20833 | -0.06206 | 0.08725 | -0.13112 | 0.21104
Sr 0.19140 | -0.04668 | 0.19360 | -0.59085 | -0.01765 | 0.25627 | -0.12312 | -0.13520
Tb 0.18034 | -0.20945 | 0.33703 | 0.00932 | -0.30359 | -0.38714 | -0.09489 | -0.15285
Eu 0.17748 | -0.21795 | 0.32414 | 0.01703 | -0.25332 | -0.37136 | -0.06382 | -0.11003
Hf 0.16591 | -0.40334 | 0.13688 | 0.09710 | 0.06052 | 0.11019 | 0.63694 | -0.25549
Th 0.15614 | -0.35475 | 0.03891 | -0.06605 | 0.02627 | 0.19538 | 0.17927 | 0.58869
Sc 0.12911 | -0.25027 | -0.01587 | -0.05964 | 0.03257 | 0.01263 | 0.05028 | 0.39873
Na 0.08427 | -0.09400 | 0.03426 | -0.08584 | 0.11041 | 0.10179 | 0.05555 | 0.04206
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Table E-6. Mahalanobis-Distance-Based Probabilities of Group Membership within the
Quartermaster Formation or Tecovas Formation Compositional Groups.

Probabilities are derived from canonical discriminant scores calculated from a matrix
derived from the Quartermaster, Tecovas, Day Creek, and Baldy Hill samples. Visual
classification of the samples is also provided. Best group designation is made by

evaluating both probability values, and using a cut-off of 1%.

catalog | AN | A | Formation | BeStGrOW | ciaggitication
195-001a TRC412 74.26 0.07 Quartermaster n/a
199-001a TRC413 58.38 0 Quartermaster n/a
209-001a TRC414 12.96 0 Quartermaster n/a
210-001-1a TRC415 3.92 0.13 Quartermaster n/a
214-001-1a TRC416 2.06 0.16 Quartermaster Tecovas
226-001a TRC417 68.75 0.01 Quartermaster n/a
255-001a TRC418 80.97 0.01 Quartermaster n/a
265-010a TRC419 30.44 0.01 Quartermaster n/a
*265-001a TRC420 0.02 10.54 Tecovas Tecovas
*284-001a TRC421 10.82 5.72 Quartermaster Tecovas
*288-001a TRC422 0.22 38.51 Tecovas n/a
*307-001a TRC423 0 0.96 n/a Tecovas
**347-001a TRC424 1.13 1.83 n/a Tecovas
**351-001 TRC425 0.13 10.42 Tecovas n/a
**362-001a TRC426 0.49 0 n/a Tecovas
**363-010a TRC427 0 0.54 n/a n/a
**366-001a TRC428 3.34 0 Quartermaster Tecovas
346-010a TRC449 32.69 0.29 Quartermaster Quartermaster
347-010a TRC450 95.22 0.03 Quartermaster Quartermaster
962-010a TRC451 0.07 27.51 Tecovas Tecovas
522-010a TRC452 69.95 0.12 Quartermaster Quartermaster
545-001-1a TRC453 90.49 0.01 Quartermaster n/a
596-010a TRC454 93.14 0 Quartermaster Quartermaster
621-010a TRC455 16.54 0.01 Quartermaster Quartermaster
785-010a TRC456 19.8 0.01 Quartermaster Quartermaster
800-010a TRCA457 76.15 0.03 Quartermaster Tecovas
802-010a TRC458 89.1 0.01 Quartermaster Tecovas
836-010a TRC459 1.75 1.76 n/a Quartermaster
916-010a TRC460 3.26 39.28 Tecovas Tecovas
928-010a TRC461 33.42 0.02 Quartermaster Quartermaster
942-010a TRC462 0.17 5.76 Tecovas n/a
1022-010a TRC463 70.24 0.2 Quartermaster Tecovas
1038-010a TRC464 0 0.01 n/a Tecovas
1085-011a TRC465 91.78 0.06 Quartermaster Quartermaster
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Catalog | anD | VIR | Formation | BeStGTOU | Ciagsitication
1091-010a TRC466 38.41 0.09 Quartermaster Quartermaster
1132-010a TRCA467 95.85 0.01 Quartermaster Quartermaster
1155-010a TRC468 62.2 0.23 Quartermaster Quartermaster
1206-010a TRC469 0.02 24.08 Tecovas Tecovas
1221-010a TRC470 0.01 26.19 Tecovas Tecovas
1269-010a TRCA471 65.85 Quartermaster Quartermaster
461-001-1 TRCA472 81.18 Quartermaster Quartermaster
473-001-1a TRCA473 0.2 44.57 Tecovas n/a
482-001-1 TRC474 83.02 0 Quartermaster Quartermaster
498-001-1 TRC475 5.95 0.84 Quartermaster Quartermaster
446-014a TRC476 42.07 0.16 Quartermaster Quartermaster
446-015a TRCA477 97.38 0 Quartermaster Tecovas
446-016a TRC478 84.66 0.05 Quartermaster Quartermaster
446-017a TRC479 80.67 0.12 Quartermaster Tecovas
503-001a TRC480 97.42 0.03 Quartermaster Quartermaster
528-001 TRC481 12.12 1.1 Quartermaster Quartermaster
533-001 TRC482 79.46 0.03 Quartermaster Quartermaster
537-001-1 TRC483 88.29 0.02 Quartermaster Tecovas
268-001-1a TRC491 0 1.02 Tecovas Tecovas
374-001-1a TRC492 0.92 63.77 Tecovas Quartermaster
400-001-1 TRC493 8.6 0.01 Quartermaster n/a
533-001-1a TRC494 82.95 0.02 Quartermaster Quartermaster
593-001-1 TRC495 10.85 19.77 Tecovas Quartermaster
781-001-1 TRC496 0 0.7 n/a Tecovas
805-001-1 TRC497 1.39 12.63 Tecovas n/a
802-001-1a TRC498 6.49 0.07 Quartermaster Tecovas
867-001-1a TRC499 15.11 0 Quartermaster Tecovas
878-001-1a TRC500 0.02 0.95 n/a n/a
953-001-1a TRC501 91.15 0 Quartermaster Tecovas
963-001-1 TRC502 15.25 0 Quartermaster Tecovas
989-001-1a TRC503 0 4.08 Tecovas Tecovas
992-001-1a TRC504 13.48 7.02 Quartermaster Tecovas
1094-001-1 TRC505 0.02 47.58 Tecovas Tecovas
1125-001-1a TRC506 26.44 0 Quartermaster Quartermaster
1193-001-1a TRC507 0.2 0 n/a n/a
1213-001-1a TRC508 0 9.24 Tecovas Tecovas
1321-001-1a TRC509 0.08 17.28 Tecovas Tecovas
* =gite 41PT186; ** =41PT245
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Figure E-1. Locations from which Archaeological
and Geological Samples were Obtained for this Study.

Circles indicate geological (both primary and secondary depositional contexts) sources of
chert and jasper. Star indicates location of three archaeological sites from which artifacts
were sampled (see Figure 2). 1: Baldy Hill, NM; 2: Roberts Co., TX; 3: Blue Creek #1,
Moore Co., TX; 4: Blue Creek #3, Moore Co., TX; 5: 41PT1 (Alibates Flint Quarry National
Monument) and unnamed Potter Co. source; 6: 41PT434 (Coetas Creek Quarry); 7:
410L284 (South Basin Quarry); 8: 41PT276; 9: Randall Co., TX; 10: Greenbelt, Donley
Co., TX; 11: Briscoe Co., TX. Unnamed Tecovas Jasper source in Potter Co. is not
shown. Sample locations provided by M. Quigg. Basemap data obtained from the Texas

Natural Resources Information System (TNRIS).

753

QO TRC Technical Report No. 150832



Appendix E
Chert Sourcing

:‘-.“'1, M~
QRA

NI, S =
s -*‘::;'J ‘:I || £ “,,--"' i“‘__.v
FT}} f:.r(f'“ e RN 7 sl

0 75 150 300 450 600
e \Vleters N

o Feet
0 245 490 980 1,470 1,960
Basemap: USGS 7.5-minute topographic map, 1960 (revised 1973) Amarillo

S West quadrangle. Digital version obtained from Texas Natural Resources
" I/ Information System (www.tnris. state tx us)
I [ T rd F—T | I Y - - = L y.a ra T r 4

Figure E-2. Locations of Archeological Sites from which Chert and Jasper Samples were Obtained.

All sites are located in Potter County, Texas. Site locations provided by M. Quigg.
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Figure E-3. Biplot of the First Two Principal Components for the Texas Panhandle Chert Dataset.

Source samples of Quartermaster chert/dolomite and Tecovas jasper are shown.

Ellipses represent 90% confidence interval of group membership.

Elemental-loading axes are shown and labeled.
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Figure E-4. Biplot of the First Two Principal Components for the Texas Panhandle Chert Dataset.

Source samples of Quartermaster chert/dolomite and Tecovas jasper are shown.
Ellipses represent 90% confidence interval of group membership.
Elemental-loading axes are shown and labeled.
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Source samples of Quartermaster chert/dolomite and Tecovas jasper are shown.
Ellipses represent 90% confidence interval of group membership.
Elemental-loading axes are shown and labeled.
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Figure E-6. Biplot of the first Canonical Discriminant Functions for the Texas Panhandle Chert
Dataset.

Artifacts classified visually as Quartermaster chert/dolomite are
projected against the 90% confidence ellipses of group membership for
the Tecovas jasper and Quartermaster chert/dolomite source samples.
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Figure E-7. Biplot of the First Canonical Discriminant Functions for the Texas Panhandle Chert
Dataset.

Artifacts classified visually as Tecovas jasper are projected against
the 90% confidence ellipses of group membership for the
Tecovas jasper and Quartermaster chert/dolomite source samples.
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Figure E-8. Biplot of the first Canonical Discriminant Functions for the Texas Panhandle Chert
Dataset.

Artifacts not given a visual classification are projected against the 90%
confidence ellipses of group membership for the Tecovas jasper
and Quartermaster chert/dolomite source samples.
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Figure E-9. Biplot of the First Two Canonical Discriminant
Functions for the Texas Panhandle Chert Dataset.

All samples sources are shown with 90% confidence ellipses for membership.
Elemental-loading axes are shown and labeled. Note that samples from 41PT1
and the unnamed Potter Co. chert source are combined to represent an
Alibates source group. Also note that samples from Randall Co. and
Baldy Hill are clearly separated from all other source samples.
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Figure E-10. Biplot of the First Two Canonical Discriminant
Functions for the Texas Panhandle Chert Dataset.

Sources are shown with 90% confidence ellipses for membership. Artifacts classified
visually as Quartermaster formation chert/dolomite are shown and labeled with ANIDs.
Note that most samples cluster within or near the 90% confidence ellipse for the Alibates

source group comprised of Potter Co. source samples.
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Figure E-11. Biplot of the First Two Canonical Discriminant Functions for the Texas Panhandle Chert
Dataset.

Sources are shown with 90% confidence ellipses for membership. Artifacts classified
visually as Tecovas jasper are shown and labeled with ANIDs. Note that most samples
appear to either 41PT276 or to the Potter Co. Alibates sources.
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Figure E-12. Biplot of the First Two Canonical Discriminant Functions for the Texas Panhandle Chert
Dataset.

Sources are shown with 90% confidence ellipses for membership. Artifacts
not classified visuallyare shown and labeled with ANIDs. Note that most
samples cluster within or near the 90% confidence ellipse for the Alibates

source group comprised of Potter Co. source samples.
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F.1 INTRODUCTION TO STARCH
GRAIN ANALYSES

Archeobotanical investigators are constantly
seeking new methods by which previously
unobtainable data can be recovered. Among
archeologists who work in regions
characterized by the poor preservation of
organic remains, the analyses of starch
granules have proven particularly useful in
accessing the residues of starchy root and
tuber crops that have previously been
invisible in the archeological record (Bryant
2003; Coil et al. 2003; Fullagar et al. 1998;
Hall et al. 1989; Iriarté et al. 2004; Loy et al.
1992; Pearsall et al. 2004; Perry 2001,
2002a, 2004, 2005, 2007; Perry et al. 2006,
2007; Piperno and Holst 1998; Piperno et al.
2000). These residues have proven to be
tenacious survivors in harsh climates, and
their preservation on the surfaces of lithic
tools that were used in the processing of
starch-bearing plants occurs consistently in
archeobotanical investigations (Iriarté et al.
2004; Pearsall et al. 2004; Perry 2001,
2002a, 2004, 2005, 2007; Perry et al. 2006,
2007; Piperno and Holst 1998; Piperno et al.
2000).

Investigations of the starchy remains of
plant foods on the surfaces of archeological
lithic tools began with simple analyses using
chemical reagents that identified the
residues in question as plant-derived storage
starch (Bruier 1976) rather than animal
tissue. ~ Within the last fifteen years,
however,  archeologists  have  been
successfully  employing  morphological
criteria to identify plant taxa. The methods
are almost identical to those used in the
analysis of phytolith microfossils.

Just as  different plants  produce
characteristically shaped leaves, flowers,
and seeds, different genera and species make
starch grains that are distinctive to and
diagnostic for each taxon. The anatomical
features that distinguish the starch of one
species of plant from another have been
noted by botanists (e.g., Denniston 1904;

MacMasters 1964; Reichert 1913), and their
methods have been expanded by
archeobotanists who are now able even to
distinguish wild from domesticated species
in some plant families (Iriarté et al. 2004;
Pearsall et al. 2004; Perry 2001, 2002a,
2004; Piperno et al. 2000). Basic physical
features that are comparable between
modern reference specimens and
archeological samples can be viewed using a
light microscope and include gross
morphological features such as shape and
faceting, the location of and appearance of
the hilum, and presence and patterning of
lamellae (Iriarté et al. 2004; Loy 1994;
Pearsall 2004; Perry 2004; Piperno and
Holst 1998; Piperno et al. 2000). Fissuring
and other internal patterning have also
proven to be wuseful criteria for
identification. The successful identification
of starch granules relies upon the viewing of
each granule in three dimensions to gain an
accurate assessment of its morphological
features.

Because starch granules differ
morphologically between plants, their
distinctive characteristics can often allow
identification to the level of genus or species
in archeological samples (e.g., Iriarté et al.
2004; Pearsall et al. 2004; Perry 2001,
2002a, 2004, 2005, 2006, 2007a, 2007b;
Piperno and Holst 1998; Piperno et al.
2000). The method has proven particularly
useful in identifying the remains of plant
tissues that would not usually be preserved
as macroremains, such as the remnants of
root and tuber crops (Bryant 2003; Coil et
al. 2003; Fullagar et al. 1998; Hall et al.
1989; Iriarté et al. 2004; Loy et al. 1992;
Pearsall et al. 2004; Perry 2001, 2002a,
2004, 2005; Piperno and Holst 1998;
Piperno et al. 2000). This role of starch
analysis as a tool for revealing the
significance of plant foods in the
archeobotanical record also adds to our
understanding of  the pre-contact
significance of starchy seed crops like maize
(Zea mays).
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In a citation of preliminary results from an
ongoing study, the archeological remains of
maize starch have been extracted from 2000
year old obsidian artifacts from the
Honduran site of Copan (Haslam 2003,
2004). The starchy residues of maize were
also successfully recovered and identified
from a migmatite milling stone from Cueva
de los Corrales 1 in Argentina (Babot and
Apella 2003). In this case, the grinding
stone was found to have multiple purposes,
including the grinding of burnt bone,
presumable for a non-food purpose. Starch
analyses of ground stone artifacts from Real
Alto have supported previously published
phytolith studies that indicate the great
antiquity of maize in Ecuador, and its role in
subsistence during the Formative period
(Pearsall et al. 2004). Seventeen examined
artifacts from Real Alto yielded
concentrations of maize starch granules
ranging from one to more than ten granules
per sampled tool. Other Neotropical studies
have resulted in the recovery of more
complex assemblages of starches.

Archeologists have recovered starch
granules from maize, beans (Phaseolus sp.),
and Canna from the Los Ajos mound
complex in Uruguay (Iriarté¢ et al. 2004).
Maize starch granules were reported from
three ground stone tools including one mano
and two milling stone bases. Concentrations
of maize starches ranged from two to eleven
granules on tools from contexts dating from
3600 years before present (B.P.) to about
500 years B.P. (Iriart¢ et al. 2004:
supplementary information). The starch
data were combined with phytolith evidence
and, together, these results introduce
compelling evidence for the early
development of a mixed subsistence
economy in this region of South America.
In other regions of the Neotropics, starch
analysis has been an essential tool in
defining similar subsistence patterns that
included the exploitation of root and
tuberous food plants.

Starch granules of maize, manioc (Manihot
esculenta), both wild type and domesticated
yams (Dioscorea spp.), and arrowroot
(Maranta arundinacea) have been recovered
from edge-ground cobbles and grinding
stone bases collected from the Aguadulce
rock shelter as well as the sites of
Monagrillo, La Mula, and Cerro Juan Diaz
in Panama (Piperno and Holst 1998; Piperno
et al. 2000). Edge-ground cobbles are
characterized by  faceting that is
hypothesized to have resulted from the
processing of root crops against larger
grinding stone bases (Ranere 1975), and the
analyses of the residual remains of plant
tissues supports this hypothesis. However,
the use of the milling stones does appear to
have been more complex than previously
believed. Maize remains were recovered
from all twelve artifacts that bore starch
(Piperno et al. 2000). The numbers of starch
granules of maize per artifact ranged from
one to twenty-five per artifact. Two starch
granules of arrowroot occurred on a single
artifact, manioc starch granules were
recovered from three artifacts (one, five, and
eight granules), and yam starch granules
were found on the surfaces of three of the
artifacts (two, three, and sixteen granules)
(Piperno et al. 2000). These investigations
resulted in the recovery of the oldest
evidence for root and tuber crop cultivation
in the Neotropics, with radiocarbon dates
spanning from 5000 to 7000 years B.P.

Starch granules of maize, yams, and
arrowroot have also been recovered from
twelve flake and three ground stone tools
collected from Pozo Azul Norte 1 and Los
Mangos del Parguaza in Venezuela (Perry
2001, 2002a, 2004, 2005). These sites date
from the middle first century A.D. to
contact. As in the above-cited set of studies,
maize remains were recovered from every
examined artifact and ranged in number
from two to fifty-one per artifact.
Additionally, four granules of yam starch
were recovered from two flake tools, four
flake tools yielded four granules of guapo
(Myrosma sp.) starch, and seven starch
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granules from arrowroot were collected
from five tools, one of which was a ground
stone artifact. These findings were
significant in that five of the examined
artifacts were chosen for study due to their
hypothetical function as microlithic grater
flakes from a manioc specific grater board.
The evidence indicated a more complex
function of these tools that did not include
the processing of manioc.

More recent investigations have led to the
recovery of direct evidence for contact
between the highland Peruvian Andes and
the lowland tropical forest to the east (Perry
et al. 2006). This contact and interaction
had been a significant component of Andean
theory for decades, but direct evidence had
been elusive until starch microfossils of
arrowroot were collected from both
sediment samples and lithic tools at the mid-
elevation site of Waynuna (Perry et al
2006). Further, the discovery and cataloging
of a microfossil will allow for the recovery
and understanding of the origins and
subsequent dispersals of chili peppers (Perry
et al. 2007), plants whose histories are
poorly understood due to the lack of
preservation of macroremains in the
archeobotanical record. Remains of these
plants have been successfully recovered
throughout the Americas from ceramic
sherds, lithic tools, and sediment samples
dating from 6250 B.P. to European contact.

F.2 UNDERSTANDING THE
RELATIONSHIP BETWEEN
RESIDUES AND ARTIFACTS

Early work on starch remains from
Panamanian sites used stepwise analysis to
support the direct association between
starchy residues on tools and the tools’ use
(Piperno et al. 2000).  These studies
demonstrated that starch grains were not
present in sediments adhering to stone tools
or on unused parts of the lithic tools, but
they did occur in the cracks and crevices of
the tools on used surfaces, thus indicating

that the residues were the result of the tools’
use and not environmental contamination.
Similar experiments have been undertaken
independently by other researchers, and the
results were equivalent.

In a study of obsidian artifacts recovered
from an open air site in Papua New Guinea,
the frequency of starch granules recovered
from stone artifacts was compared to that
present in the soil matrix immediate to the
tool (Barton et al. 1998). The frequency of
starch granules was found to be much higher
on used artifacts than in the surrounding
soil. Thus, the conclusion was drawn that
the tools were not contaminated by
environmental starch sources. Further, use-
wear analyses were used in combination
with the soil and starch analyses to assess
the degree of association of starchy residues
with the used surfaces of tools (Barton et al.
1998). The researchers found that, indeed,
the occurrence of starch granules was highly
correlated with obsidian tools that bore use-
wear and was not correlated with unused
tools.

In a study of starch residues occurring on
stone pounding tools from the Jimmium site
in north central Australia, the starch forms in
soil samples were compared to those
extracted from the artifacts (Atchison and
Fullagar 1998). It was found that, although
starch granules did occur in the soil matrices
surrounding the tools, they were of different
size and shape than those present on the
pounding stones, and, therefore, are
probably not from the same plant source.
This result was interpreted as evidence that
the tools had not been contaminated by soil-
borne starches.

Another method for assessing whether or not
starch residues are culturally deposited
involves the analysis of control samples
from non-cultural contexts surrounding a
site.  If different types of starches, or
different concentrations of starches, or no
plant residue whatsoever are recovered from
the control samples than are recovered from
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the artifacts undergoing testing, then one can
be more secure that the residues are the
remains of prehistoric food processing
(Brieur 1976).

In addition to the study of association of
microfossils with tool use, experimentation
with processing methods has also been
undertaken. In Argentina, a researcher
replicated ancient Andean methods of food
processing and found that each different
process resulted in diagnostic damage to
starch granules in plant tissues including
potato tubers (Solanum tuberosum) and
quinoa seeds (Chenopodium spp.) (Babot
2003). Modern plant materials were
subjected to freeze-drying, dehydration,
roasting, charring, desaponification (a
process particular to the preparation of
quinoa), and grinding. It was found that
fragments of starches that would probably
otherwise be identified as unknowns or non-
starches are actually damaged starches.
Further, with careful analysis, researchers
can link damage patterns with processing
techniques (Babot 2003). Experimentation
with various cooking techniques has resulted
in similar conclusions: cooked starches are
identifiable as such, and different cooking
techniques yield different patterns of
damage (Henry et al. 2009).

Archeobotanists have focused their energies
upon honing their methods toward the
effective recovery of and identification of
residual starch granules to understand plant
use and processing. Studies have resulted in
an impressive assemblage of various suites
of starchy food plants, both wild and
domesticated, raw and cooked. At this
juncture in time, more studies are being
undertaken and starch remains are being
successfully recovered. What we now lack
are baseline data as to how and why
different plant materials may or may not
adhere to stone tools. Thus, we are not yet
able to understand issues such as intensity of
use based upon numbers of recovered
grains, or the history of a tool based upon
the numbers of species of plants recovered

from its surface. Funding has been sought
for experimentation to address these issues,
but it has not yet been obtained.

F.3 STARCH ANALYSES AND
TEXAS ARCHEOLOGY

Archeological investigations that include
starch analyses allow researchers to access
data that is otherwise unavailable to them,
and to determine if models of subsistence
ranging from simple artifact function to
staple crop reliance are well founded. In the
harsh climate of Texas where organic
remains often preserve poorly, these
techniques will prove invaluable to
archeologists interested in understanding
plant exploitation and subsistence strategies.
Because every journey must begin with a
first step, we have applied the techniques of
starch analysis to burned rocks, both ground
stone and flaked lithic tools, sediment
samples, and ceramic sherds from the BLM
Landis project.

The Landis Property lies in the Texas
Panhandle just outside Amarillo, Texas.
The region is part of the Southern Plains at
the very northern end of the Llano Estacado
in what is often referred to as the Canadian
Breaks. The project area is centered on a
1.6 km long section of the upper reaches of
West Amarillo Creek. This creek drains
northward through the middle of this
property into the Canadian River.

The data recovery occurred at three known
archeological sites 41PT185 (Pipeline),
41PT186 (Corral), and 41PT245 (Pavilion).
Site 41PT185 was divided into three Loci
labeled A, B, and C with the data recovery
only at Locus C, abbreviated as 41PT185/C.

The data recovery excavations at the
Pipeline site (41PT185/C) targeted a Late
Archaic component. Hand excavations in a
large block yielded a diverse -cultural
assemblage that included 15 recognized
cultural features (3 through 19), chipped
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stone tools, ground stone tools, a faunal
assemblage dominated by bison remains, a
few bone tools, limited lithic debitage,
sparse charcoal, and large quantities of
burned rocks. These diverse classes indicate
a broad range of daily tasks, which indicate
generalized hunter-gatherer camp activities.
Over a dozen radiocarbon dates document a
period of occupation between ca. 1600 and
2400 B.P.

The data recovery at the Corral site
(41PT186) targeted a deeply buried
Protohistoric event in low alluvial terrace on
the southern edge of the larger site through a
large block investigation that totaled 144 m’.
This Protohistoric occupation, radiocarbon
dated to ca. 200 to 300 B.P., represents a
single, short-term camp with horizontally
discrete activity areas and a sparse cultural
assemblage. This event included two in situ
hearths, an ash dump, a cluster of butchered
bison bones, and a small cache of chipped
stone tools. The horizontal pattern reflects
the clear distribution of various tasks that
included animal butchering/processing,
stone tool resharpening, and cooking, and
indicates a highly intact occupation surface.
This assemblage reflects a very short-term
camp (a few days at most) in which the
Native American occupants resharpened a
few chipped stone tools, cached a few
important scrapers and flakes for the future,
killed and butchered at least one deer and
one bison, and employed at least two heating
elements.

Data recovery at the Pavilion site (41PT245)
targeted a ca. 1200 to 1400 B.P. occupation.
Initial investigations across multiple terraces
indicated multiple events of different ages,
mostly less than 2000 years old. The
planned block excavation was terminated
early on as the occupation was not
sufficiently well-defined to justify continued
excavations. Notably, all three sites
contained heating elements characterized by
burned rock artifacts.

The role of burned rocks in archeological
sites has been studied and debated for
decades, and many scholars believe that
these artifacts were used in food preparation
(for a review, see Thomas 2009). It is
hypothesized that rocks were heated in an
open fire after which they were placed into
containers filled with food in an aqueous
medium. The heated rocks would then heat
the food and cook it directly in the
container. As in the cases discussed above,
microfossil analysis, and starch grain
analysis in particular, will allow us to
examine microscopic residues from these
artifacts. In theory, plant remains from the
food being cooked in containers will adhere
to the hot rocks, and these residues should
be recoverable. Three main questions can
be addressed using these analyses.

First, the presence of starchy residues on the
burned rocks will allow us to determine if
they have come into contact with starchy
plant foods. With large enough assemblages
of microfossils, taxa may be identifiable so
that it can be determined which plants were
being cooked. Second, the presence of
damage in starch remains will provide a
positive indicator of the cooking of starchy
plant foods in an aqueous solution. Third,
the patterning of starch remains from
artifacts derived from different features will
allow for an assessment of the type of
feature being studied and its role in food
processing at the site. These studies may
also result in the definition of typical
patterns of residues that can be associated
with different feature types. Thus, starch
grain analysis will allow us to test the
hypothesis that these artifacts were used as
cooking tools, they can reveal what plants
were being cooked, and they will provide
data that will delineate cooking features
from those used for other purposes. Finally,
the inclusion of other categories of artifacts
such as ground stone tools will allow for
comparison between starch assemblages.
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F.4 METHODS:

The methods of starch grain analysis can be
distilled down into a few simple tasks.
These tasks include removing the
archeological material from the artifact,
placing it on a glass slide, and observing the
residue using a light microscope. The
analysis amounts to a careful cleaning of
each artifact and examination of the material
that was collected during cleaning. If the
cleaning results in a relatively large quantity
of sediment, the microfossils must be
separated from the matrix so that they can be
clearly viewed via microscopy. This step is
completed with a heavy liquid flotation.
Detailed methods are as follows.

Seventy-two (72) artifacts and sediment
samples were chosen for analysis. Included
in the sample were six lithic tools, three
ceramic sherds, ten ground stone artifacts,
forty-eight burned rocks from various types
of features, three sediment samples, one
burned rock collected from a non-cooking
feature, and a modern experimental rock that
was used in a cooking experiment (see Table
F-1). In this experiment, the limestone rock
was heated in an open fire and then used to
boil cattail roots in water. All artifacts were
collected and bagged separately without
washing. Washing is a traditional step in the
collection and curation of artifacts, but it
will remove some of the residues that are of
interest to archeologists.

All burned rocks were placed in clean glass
beakers with the unbroken “used” side
pointed toward the base of the vessel.
Reverse-osmosis filtered water was added to
the beaker just to cover the used surface
leaving the broken surfaces exposed and,
thus, not subject to extraction procedures.
The rocks and beakers were then set aside
for five minutes to soak in the hope that this
step would loosen the microfossils and allow
for a better extraction. At this point, the
beakers were placed in a sonic bath for ten
minutes to shake the microfossils loose from
the artifacts. The rocks were removed from

the beakers and the surfaces that were
cleaned were rinsed again with reverse-
osmosis filtered water that was collected in
the same effluent vessel.

Ground stone artifacts and flaked tools were
treated in a slightly different manner. The
ground stone artifacts were immersed
completely, as were the flaked tools with no
clear concentrations of starches. The
exception was the corner tang knife, which
had what appeared to be small groupings of
starches on different edges. This tool was
placed in a beaker with the edge of interest
against the base of the vessel. The water
was then added until only this edge was
immersed, and then the procedure continued
as described above. In this manner, a
section of a tool, or multiple areas, can be
sampled separately from the remainder of
the artifact.

The effluent from the cleaning was allowed
to settle overnight, then the settled material
was centrifuged for ten minutes at 1000
RPM to pellet out the solids. The solid
materials were then subject to a heavy liquid
flotation using Cesium chloride (CsCl) at a
density of 1.8 g/cm’ to separate the starch
grains from the sediment matrix.

The material collected from the flotation
was rinsed and centrifuged three times with
reverse-osmosis filtered water to ensure that
the CsCl was completely removed from the
solution. At this point, the pellet from the
final centrifugation was placed on a clean
glass slide with a small amount of
water/glycerin  solution. Slides were
scanned with a Zeiss Axio Imager Al
compound light microscope at 200x using
cross polarized light microscopy, and
identifications were made at 400x using
standard methods. The designation “cf.”
indicates that the microfossils are probably
derived from this taxon, but a secure
identification cannot be made at this time.
Intact starch grains were counted singly
unless they occurred in a cluster that was
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clearly derived from a single source (see
Table F-1).

In the case of the Landis Property study,
artifacts that were hypothesized to be both
grinding tools and cooking tools were
sampled. Experiments performed by M.
Quigg included various methods of heating
the starchy seeds of wildrye (Elymus
canadensis), the probable source of most of
the starch remains recovered in this study.
“Cooking” was performed both in the
presence and absence of water, and seeds
were ground with a porcelain mortar and
pestle to simulate ground stone damage.
The types of damage were noted and
compared with that seen in the archeological
residues observed in the samples (Table
F-1).

During scanning of both archeological and
modern starch samples, digital images were
captured at 400x magnification using Zeiss
Axiovision software version 4.6. Images
were processed and scale bars were added
using this software that is integrated into and
included with the microscope package.

F.5 RESULTS

The remains of plant tissues in the form of
276 starch grains or granules were recovered
from the analyzed samples (Table F-1).
Types of plant remains include intact starch
grains that have or have not been identified,
damaged or degraded starch grains, and
starches that are clearly gelatinized (Figure
F-1, Figure F-2). Specific results will be
discussed by  archeological feature.

]

B\'_'i1

A—

Figure F-1. Starch Remains.

(Note: The scale bar indicates 20 microns, and all images are at equivalent magnification. A. A
lenticular starch granule from a Late Archaic metate fragment (41PT185/C, 1070-010). B. A
lenticular starch granule from a mano (41PT185/C, 1175-010) showing damage from grinding. C.
A polygonal starch grain with morphological features consistent with those of maize. This starch
was recovered from a Late Archaic burned rock (41PT185/C, #899-003-5b, Feature 12)

A note on classes of plant remains

During analysis, I made notes when I
encountered plant fibers in samples.
Because of the presence of plant fibers in the
sediment samples, I believe that the wvast
majority of these plant fragments are part of
the background assemblage of soil
constituents — noise — that also included
various phytoliths and charcoal flecks. In
the future, however, it may prove useful to
count fibers, as my notes indicate that the

burned rocks had “many” or “abundant”
fibers compared to “some” or “few” on the
ground stone tools and in the sediment
samples. Presumably, this larger quantity of
fibers from the burned rocks is due to the
contact with fuel in the fire, and the remains
of this tissue, wood or other plant fibers,
adhered to the rocks. Experimentation
would be helpful to aid in the understanding
of, if and how the numbers of fibers relate to
the use of these artifacts, and will also yield
data that indicate whether numbers of fibers
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may differ statistically from one category of
artifact to the next. In any case, I do believe
this category of plant remains may prove
useful in future studies.

Damaged starches as noted in the table are
those that have been processed in some way,
e.g., cooking, or grinding, but the type of
damage is no longer identifiable due to the
degraded nature of the residue. When the
damage to a starch grain or group of grains
could be clearly categorized, it is noted both
in the data table and in the text.

The categorization of damage was assessed
using one-on-one comparisons with modern

experimental starches of wildrye (Elymus
canadensis) grains that had been subjected
to several processes including parching,
grinding, and boiling. These samples were
provided by M. Quigg. Two main patterns
of damage that relate to this study were
identified. First, gelatinization of starches
was noted only in the samples of wildrye
that were boiled, not in those that were
cooked with dry heat (Figure F-2). Second,
samples that were “cooked” then ground
showed clumps of distorted starches that do
not occur in any examined sample from this
study.

="

Figure F-2. Damaged Starch Granules.

(Note: The scale bar indicates 20 microns, and all images are of equivalent magnification. A.
Gelatinized starch from a Late Archaic burned rock [41PT185/C, #361-003-1b, F11]. B.
Experimental gelatinized starch from boiled wildrye. C. In contrast, a distorted experimental
starch granule from parched [dry roasted] wildrye.)

41PT185/C Lithic Tools:

Four lithic tools were sampled, and, of
those, two yielded starch remains. The
chopper (#467-010) contained nineteen
lenticular granules and damaged starches.
One of the side scrapers, a flaked tool
(#1221-011), yielded two lenticular starches,
while the other had none (#452-010). The
corner-tang knife yielded no starch grains.

41PT186 Lithic Tools:

Two lithic tools were sampled, and starch
remains were recovered from both. The
scraper yielded seven lenticular granules,
and five were recovered from the flake.

41PT186 Ceramic Sherd:

No identifiable starch was extracted from
the ceramic sherd (#443-008).
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41PT245 Ceramic Sherds:

Sherd #401-008-1b yielded a single,
lenticular starch granule. The other sherd
did not have identifiable starchy residues.

41PT185/C Sediment Samples:

No identifiable, fragmentary, or damaged
starches were recovered from the sediment
samples collected in Features 8, 10, and 18.

41PT185/C Ground Stone Artifacts:

Of the ten ground stone artifacts that were
studied, six were not associated with any
feature (#405-010, #514-010, #966-010,
#1089-010, #1070-010, #1175-010), and
two were derived from Feature 18 (#1129-
011, #1129-010). All ground stone tools
yielded lenticular starch granules and six of
the eight tools yielded starch grains from
grasses that produce either polygonal or
globular starch grains. Additionally, artifact
#1089-10 yielded a clump of very small
starch granules from an unknown source that
may be a wild grass.

The largest numbers of starches were
derived from the ground stone mano (#1175-
010) which also yielded one starch grain that
had been gelatinized, either by heating in the
presence of water, or by intensive grinding.
Damage consistent with that produced by
mechanical grinding of modern starches in
the laboratory was observed on two artifacts,
#1070-010 and #1129-010. Damage
consistent with heating in the presence of
water was also observed in the residues
derived from artifact #514-010, and these
gelatinized fragments were observed in large
numbers that were not seen on the other
ground stone artifacts.

The two samples from Feature 13, a
fragmented metate, yielded no identifiable
starch remains.

41PT186 Burned Rock Artifacts:

Two burned rocks, neither of which was
associated with a feature, were sampled

from site 41PT186. Sample #535-003-1b
did not contain any identifiable plant
remains. Sample #470-003-1b, in contrast,
yielded damaged starch as well as starch that
was clearly gelatinized.

41PT185 Burned Rock Artifacts:

Samples from Feature 13, a fragmented
metate, Features 15a, 15¢, and 19, burned
rock discard piles, and 15b, an intact basin
shaped heating eclement, yielded no
identifiable starch remains.

Feature 2: Two burned rocks from Feature
2, an intact, burned rock heating element,
were sampled for starches, and both yielded
single intact grains. Sample #112-003-1b
contained a single unidentified grain, and
#112-003-2b contained an unidentified grass
grain as well as clearly gelatinized starch.

Feature 3: Four burned rocks from Feature
3, a cluster of smaller burned rocks, were
examined. Two of the rocks, #198-003-2b
and #198-003-4b, yielded no identifiable
remains. Sample #198-003-1b contained
clearly gelatinized starch while one
unidentified and one lenticular starch
granule were recovered from #198-003-3b.

Feature 4: Four burned rocks from Feature
4, a large, intact heating element, were
studied. Rocks #214-003-1b and #214-003-
2b both yielded gelatinized starches. Rock
#214-003-3b contained two lenticular
starches, and no identifiable remains were
recovered from rock #214-003-4b.

Feature 5: Two burned rocks, #1348-003-1b
and #1348-003-2b from Feature 5, a discard
pile of used rocks and other debris, were
examined for starch remains. The former
yielded gelatinized starch, while the latter
had five lenticular starch granules adhering
to 1t.

Feature 6: Two burned rocks, #854-003-1b
and #854-003-2b were sampled from
Feature 6, another discard pile of rocks. The
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former rock had gelatinized starches on it,
and the latter yielded a single lenticular
granule.

Feature 8: Four burned rocks were sampled
from Feature 8, an in-situ, circular, rock-
filled heating element. Rocks #1341-003-2b
and #474-003-1b yielded no identifiable
remains. A single lenticular granule and
damaged starch that may be gelatinized were
recovered from #1341-003-3b. #464-003-1b
yielded damaged starch, two lenticular
granules, and a single starch grain from an
unknown grass.

Feature 9: Six burned rocks from Feature 9
were analyzed. Part of this feature consists
of discard piles of rocks (9b and c)
presumably derived from a circular heating
element (9d). Rock #1332-003-1b yielded
no identifiable remains. Sample #1340-003-
2b yielded clearly gelatinized starch,
damaged starch and a single grass starch
were recovered from #502-003-2b, and
rocks #1337-003-1b and #1337-003-2c
yielded single lenticular granules. The latter
also contained damaged starch.  Rock
#1337-003-2b, unlike any other artifact
analyzed from any site included in the study
yielded a single starch grain that is derived
from an unidentified root. Three starch
grains from grasses, an unidentified starch
grain, and damaged starch were also
recovered from the same artifact.

Feature 11: Two burned rocks were
sampled from Feature 11, a burned rock
discard pile, and gelatinized starch was
recovered from both samples. Damaged
starch and a grass starch were also found on
rock #361-003-2b.

Feature 12:  Four burned rocks were
sampled from this circular in-situ heating
element, and, notably, the largest numbers
of starch grains recovered from burned rocks
were from this feature. Two rocks (#899-
003-5b and #901-003-2b) contained clearly
gelatinized  starch, unidentified starch,
lenticular starch, and starches from

unidentified grasses. Rock #901-003-4b
yielded the same three types of starch, but
had damaged starch that was not clearly
gelatinized. Rock #901-003-1b yielded a
single lenticular starch granule.

Notably, two of the starch grains from rock
#899-003-5b have morphological
characteristics that fall within the realm of
those observed in maize (Figure F-1).
Because of the presence of other
unidentified grasses, both within this sample
and throughout the assemblage from the site,
at this time I am not comfortable making a
secure identification. These two starches
could very well be derived from another
grass that has not yet been identified.
Nonetheless, the possibility of the presence
of maize at this date and location should be
noted for future research in the region.

Feature 16: Two burned rocks from Feature
16, a burned rock discard pile, were
sampled. Sample #875-003-1b yielded one
lenticular granule and one grain derived
from an unknown grass. Ten lenticular
granules and damaged starch were recovered
from #875-003-2b.

Feature 18: One burned rock sampled from
Feature 18, a small, square heating element,
yielded gelatinized starch as well as a single
starch grain derived from an unknown grass.
A single lenticular granule and damaged
starch were recovered from the second
sampled rock.

41PT245 Burned Rock Artifacts:

Feature 2: Three burned rocks from Feature
2, a burned rock hearth/heating element,
were sampled and #353-003-2b yielded
gelatinized starch, two lenticular starch
granules and an unidentified grain, while
#353-003-3b contained a single degraded
lenticular granule.  Sample #353-003-1b
contained a single unidentified starch grain.
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Feature 4/5: Three rocks from this feature, a
discard pile, were sampled. One, #389-003-
1b, yielded a single unidentified grain.

41PT186 “Control” Rock:

The “control” rock was excavated from a
context directly under a Late Prehistoric
bison skull that had a hole smashed into its
skull to remove the brains and the skull was
turned upside down on the rock.

The control rock yielded fragments of
starches that have been gelatinized.

Experimental Rock:

The experimental rock was a piece of fresh
limestone that was heated in a fire and was
used to boil cattail roots in water. Once the
cooking was complete, the rock was allowed
to air dry and then was stored unwashed at
room temperature.

This experimental rock was sampled in the
same manner as the others. The plant
remains included flecks of charcoal, fibers,
fragments of plant tissues including sheets
of entire cells, and high numbers of small
fragments of starch grains, some of which
bore signs of  distortion  through
gelatinization. No intact, identifiable
starches were recovered.

F.6 DISCUSSION

F.6.1 THE PRESENCE AND ABSENCE OF
STARCH REMAINS

Beginning with the features that did not
yield any identifiable starches, Feature 10
consisted of two large manuports, sandstone
slabs, and the lack of identifiable starches
from this feature indicate that the stones
probably had no use as plant processing
implements. This sample also fills the role
of a control, indicating that the starches
associated with the other classes of artifacts,
those from features believed to have been
used for food processing, are related to the
use of those features. The absence of

identifiable starch remains from Features 15
and 19 are less easily explained because
these features do not differ morphologically
from other food processing features that did
yield plant remains. It is possible that these
features were used for animal, rather than
plant processing.

Starch of any sort was also absent from the
sediment samples collected from the soil
matrices of Features 8, 10, and 18 at
41PT185/C. This absence strengthens the
argument that the starches recovered from
the lithic artifacts are associated with their
use and are not the result of contamination
from surrounding sediments.

Interestingly, the control rock #331-003-1b
from Feature 3 at 41PT186, a buried bison
skull, yielded gelatinized starches. While
this rock did not derive from a cooking
feature, it appears that it may have been
used previously in a cooking event and was
then repurposed for burial with the bison
skull.

F.6.2 PREDICTING PATTERNS

In terms of both assessing and predicting the
likelihood of starch recovery based upon
classes of artifacts, generally speaking, the
ground stone artifacts yielded more intact,
identifiable starch grains than the ceramic
sherds, burned rocks, or sediment samples
did. The notable exceptions are the burned
rocks from Feature 12, an intact heating
element.

When the pilot study of this project was
completed, it appeared that there would be
fairly clear patterns of starch recovery from
burned rocks based upon the type of feature
under study. Intact features appeared to be
more likely to contain identifiable starch.
As more data accumulate, however, it
becomes more difficult to assess whether or
not burned rocks collected from an intact
heating element will reliably yield more
starch remains than discarded rocks. Of the
four features from which all studied artifacts

QO TRC Technical Report No. 150832

779



Appendix F
Starch Analysis

yielded intact starch (Features 9d, 12, 16,
and 18), two of the four are intact heating
elements. However, rocks collected from
Feature 15, an intact heating element,
yielded no starch. While intact features
appear to have yielded more starch grains
overall, one of the larger counts (10) was
recovered from a burned rock from a discard
pile (Feature 16).

F.6.3 IDENTIFICATION OF THE STARCH
REMAINS

The presence of starchy residues on the
artifacts indicates that they have come into
contact with starchy plant foods. The most
commonly identified group of starches were
those with a lenticular shape that is
characteristic of the grass subfamily
Pooidae, and more specifically, the tribes
Bromeae and Triticeae. Wildrye is
classified within the Triticeae. Only the
genus Bromus occurs in the Bromeae, and
the starches of this genus are smaller in size
than those recovered at the BLM Landis
Property (see Messner 2008).

Identification of wildrye, members of the
genus Elymus, in the starch record is both
easier and more reliable when there is a
fairly large assemblage of grains (Messner
2008). At this point in time, the intensive
comparative work necessary to define one
member of the New World Triticeae from
another has not been completed. However,
Messner’s study on the North American
grasses in the Triticeae indicates that size
comparisons can be quite useful in
determining if wildrye is presented in an
assemblage.

The starch assemblage from this study
includes 223 lenticular starch grains, 164 of
which were measured (Table F-2). The
sizes of the intact starch grains measured
between 12.9 and 43.3 microns, with a mean
of 26.5 microns. According to work
completed by Messner, (2008 Figure 11.4),
the range of sizes of starch grains (extending
a single standard deviation from the mean)

from several species of the genus Elymus is
between about 11 and 31 microns. While
there is significant overlap with the sizes of
starch grains from other genera at the lower
end of the range, no other starches studied
from the New World Triticeae had sizes
consistently over about 20 microns. The
measurements of lenticular starch granules
from the BLM Landis Property are
consistently over 20 microns, and the overall
mean of the sample is 26.5 microns, higher
than the mean of modemn Elymus
canadensis, the grass with the largest starch
grains of all Triticeae measured in the study.
In addition to the evidence provided by the
sizes of the grains, the morphological
features and characteristics of many of the
lenticular grains are equivalent to those of
modern Elymus observed by the author in
comparative work completed for this study.

The genus Elymus ranges from Canada to
Mexico and occurs throughout Texas (for
excellent range maps, see
http://plants.usda.gov/). The seeds of this
genus are large and have been commonly
identified in the macrobotanical assemblages
from northeast archeological contexts in
both northeast coastal and northern mixed
economy sites where they represent a
potential food source (Crawford and Smith
2003). Stands of modern wildrye have also
been observed growing outside of cave sites
in Montana, even in areas outside the natural
distribution of the grass (Loendorf 1985).
Human activity, specifically deliberate
planting, is implicated in those sites.
Perhaps the most significant citation in the
literature is an archeobotanical report from
the Blood Run site in lowa (Green and
Tolmie 2004). Here, the researchers report a
macrobotanical grass seed assemblage
dominated by wildrye with a few other
grasses, including several that remain
unidentified.  This pattern seems to be
identical to that of the BLM Landis Property
where the vast majority of grass starches are
derived from wildrye, but a few other types
occur as well.
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Identification of the non-lenticular grass
starches is not complete at this time in large
part due to the fact that nearly all the types
observed in the assemblage occur in small
numbers, and most occur as single grains
from single contexts. While most of the best
known grasses from the region have been
studied, given the great diversity of grasses
in the Texas Panhandle, it would be
premature to assign any of these grains to a
taxon without further comparative studies.
Continuing accumulation of data from the
region, however, could enlarge the data set,
thus making identification of some of the
more distinct types more likely. In terms of
interpretation of these data, it appears that,
as was mentioned above, these various
grasses make up a small component of the
larger wildrye-dominated assemblage.

Notably, several starch grains in the “other
grass” category, and two in particular from
Feature 12, bear similar morphological
features and have general characteristics that
are consistent with those of some maize
samples (Zea mays) in the author’s
comparative collection. Because the
phytolith record does not document the
presence of maize at these three sites, and
because the numbers of these grains are
small, at this time I am comfortable
mentioning the identification as a
possibility, albeit a very exciting one, that
may help guide future research.

F.6.4 ASSESSING TOOL FUNCTION

The ground stone tools yielded starch
remains consistent with their hypothesized
function as implements used for the
processing of grass seeds. Starch grains
from grasses, including those that bear
recognizable grinding damage, were
recovered from these artifacts. Due to the
larger numbers of damaged, gelatinized, and
fragmentary starches present on artifact
#514-010, I believe that this artifact was
likely used as a cooking implement, either
instead of, or in addition to use as a grinding
tool. Another possibility is that it was used

in the processing of previously cooked plant
foods. In contrast to the presence of
gelatinized starch on a single ground stone
tool, starches bearing damage from cooking
occur throughout the assemblage of burned
rocks.

Gelatinized starches typically result from
heating in the presence of water, and the
damage is characterized by  both
morphological distortion and changes in the
extinction cross (Henry et al. 2009). The
starches identified as gelatinized in this
study bear those characteristics, and were,
therefore, exposed to heat in the presence of
water, conditions associated with cooking
processes. It has been noted that the
interpretation of the specific type of
cooking, e.g., boiling or baking, should be
based upon experiments that are performed
with starch derived from the plant in
question (Henry et al. 2009). Such
experiments were performed by M. Quigg
using seeds of wildrye, and the resulting
processed grains were sent to me for
analysis. The gelatinized grains in this study
bear damage consistent with boiling (Figure
F-2).

To further understand what residues might
result from hot rock cooking, an experiment
was undertaken in which a rock was heated
in an open fire, then was used to boil roots
in a pot. This experimental rock was
sampled in the same manner as the others.
The plant remains included flecks of
charcoal, fibers, fragments of plant tissues
including sheets of entire cells, and high
numbers of small fragments of starch grains,
some of which bore signs of distortion
through gelatinization.  This pattern of
residue is equivalent to that recovered from
the burned rocks, with the exception that
there were no intact, identifiable starch
grains recovered from this rock. The results
from both experiments indicate that the
initial hypothesis, that these rocks were used
for cooking in exactly this manner, is
supported by the microfossil evidence
recovered from the artifacts.
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F.6.5 COMPARISONS BETWEEN SITES

When the three sites are compared, a single,
major pattern occurs in the starch data.
Starches from grasses other than wildrye
occur only in the Late Archaic component of
the study, and were not found in the Late
Prehistoric and Protohistoric sites. It is
unclear why this absence occurs, and I am
fully aware that the absence of evidence
does not necessarily reflect evidence of
absence. With that disclaimer in mind, the
following discussion should be considered
speculative. It is possible that the smaller
number of samples from the later sites
resulted in a bias that simply missed the
presence of other plant remains. It is also
possible, however, that the change in the
starch data reflects a shift in the stands of
grasses from which the people collected
their food. Weeding of these stands to
encourage the proliferation of the preferred
wildrye may have occurred over time, thus
resulting in nearly pure stands of wildrye
from which later groups collected.

This same absence of a variety of starches
was noted in the six lithic tools sampled. It
is more likely that this pattern is the result of
a small sample size, particularly because
only four of the six artifacts yielded any
starch, and this subsample represents two
artifacts from each of two different sites.

F.6.6 CONCLUSIONS

In addition to recovering the remains of
what is very likely wildrye, a plant that has
been documented in many other sites as
macroremains, the patterns of residue on the
burned rocks studied in this pilot project are
solid indicators that they are very likely the
remnants of food preparation processes.
Charcoal flecks indicate exposure to open
fire, starch grains and other plant tissues
indicate contact with food plants, and
gelatinized materials indicate that the heated
rocks were used for cooking plant foods by
boiling them. The experimental rock that
was used in a boiling experiment yielded an

identical assemblage of plant remains
including charcoal flecks, plant tissues, and
both fragmentary and gelatinized starches,
but no intact, identifiable starch grains.
Control specimens support the contention
that the plant materials recovered from the
burned rocks are associated with their use.

A small number of starch grains from the
Late Archaic site may have been derived
from maize. At this time, identification
cannot be made with certainty due to the
number of grasses that have not yet been
identified and studied. @ The possibility,
however, should be noted for future
research.

General patterns seem to be emerging in
regard to the predictability of starch
recovery from a site. Intact features and
ground stone tools may be more likely to
yield entire, identifiable starch grains.

In summary, the starch analyses from the
BLM Landis project have provided rare and
important data on the use of wildrye and
other plants for food at the site and have
supported the hypothesis that the burned
rocks were used as cooking tools.
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Appendix F
Starch Analysis

Table F-1. Starch Remains Recovered from Artifacts.

(Note: Damaged starches have been processed in some way that has clearly altered them from
their native, completely intact form. The designation “gd” indicates the damage is characteristic
of that due to grinding. Gelatinized starches have been damaged by exposure to heat and water.
“UD” indicates unidentified starches.
common to grasses in the Pooidae, and are identified in this study as derived from the genus

Elymus [see text].

Lenticular starch grains are those of a specific shape

Grass starches are those that are not lenticular in shape, but exhibit

characteristics typical of starches produced by grasses that are classified in other taxa. Root
starches bear morphological features typical of grains that form in this plant organ).
Site Cat# / Feature | Artifact |Damaged|Gel’d| UD |Lenticular|Grass | Root | Total
41PTIBSIC| #452010NA | g
41PT185/C|  #-010/NA Chopper X 19 19
41PT185/C | #609-010NA | 1 gnogr;fr:i'fe
41PT185/C | #1221-011/NA Sc?ri:r?er 2 2
41PT186 #446-011/6 Scraper 7 7
41PT186 | #446-017/6 Flake 5 5
41PT186 | #443-008/NA | Ceramic
41PT245 #410;/;\?28' Ceramic 1 1
41PT245 #314; /;\‘13/28‘ Ceramic
41PT185/C | #405-010/NA Gsrt‘(’)‘r‘]gd X 14 2 16
41PT185/C | #514-010/NA irtg‘:]gd X X 1 1 2
41PT185/C | #966-010/NA irtg‘:]gd X 3 1 4
41PT185/C | #1089-010/NA irtg‘:]r;d clump 3 3
41PT185/C | #1070-010/NA irtg‘:]gd X gd 2 2
41PT185/C | #1175-010/NA irtg‘:]gd X X 47 5 52
41PT185/C | #1129-011/18 irtg‘;’;d 14 1 15
41PT185/C| #1129-010/18 iﬂg‘;’;d X gd 9 2 11
41PT185/C | #677-010b/13 M;fée
41PT185/C| #712-010b/13 M;;a;e
41PT185/C | #112-003-1b/2 B;g;id 1 1
41PT185/C | #112-003-2b/2 B;glid X 1 1
41PT185/C | #198-003-1b/3 B;glid X
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Site Cat# /| Feature | Artifact | Damaged |Gel’d| UD | Lenticular|Grass | Root | Total
41PT185/C | #198-003-20/3 | et
41PT185/C | #198-003-30/3 | et 1 1 i
41PT185/C | #198-003-4b/3 | et
41PT185/C | #214-003-1b/4 | Do X
41PT185/C | #214-003-20/4 | Darmod X
41PT185/C | #214-003-30/4 | Dol ? i
41PT185/C | #214-003-4b/4 | Darmod
41PT185/C | #1348-003-1b/5 B;g;id X
41PT185/C | #1348-003-2b/5 B;g;id ° i
41PT185/C | #854-003-1b/6 B;Q;id X
41PT185/C | #854-003-2b/6 B;Q;id 1 1
41PT185/C | #1341-003-2b/8 B;Q;id
41pT185/C | #1341-003-3a/ | Burned X ? 1 !
8 Rock
41PT185/C | #464-003-1b/8 | et X ? 1 :
41PT185/C #474]%%)"“)/8 BFLi;ncid
41PT185/C #121%%03' ok X
41PT185/C #502'82 520/ BFLigncid X 1 1
41PT185/C #13;3;%%03' “Rook.
41PT185/C #1?;3@2,03' “Rook 1 1
41PT185/C #12175203_ ook X 1 S A
41PT185/C #1?;302303' Béggid X 1 1
41PT185/C | #361-003-1b/11 B;g;id X
41PT185/C | #361-003-2b/11 B;Q;id X X 1 1
41PT185/C | #899-003-5b/12 B;Q;id x 1! 8 ! 2
41PT185/C | #901-003-1b/12 B;Q;id ! :
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Starch Analysis
Site Cat#/ Feature | Artifact |Damaged|Gel’d| UD |Lenticular|Grass | Root | Total
41PT185/C | #901-003-2b/12 B;glid X 2 3 6 11
41PT185/C | #901-003-4a/12 B;glid X 3 45 2 50
41PT185/C #112%_5?23_ Burned
41pT185/C| 1 225;‘;';’:3' Burmed
41pT1851c| 1 213/11‘5?83' Burned
41pT185/C| 1 112/21';’23' Bumned
41pT1851c| 1 23/21-5?23_ Burned
41PT185/C | #875-003-1b/16 B;g‘cid 1 1 2
41PT185/C | #875-003-2b/16 B;g‘cid X 10 10
41pT185/C| 1 1125;%03' Bumed X 1 1
41pT185/C| 1 12%9/’;%03' Burned X 1 1
41pT185/C| 1 %(/’;303' Bumed
41PT186 #41@;\‘])23‘ BF‘QL”C?(" X X
41PT186 #5135;\(1’23' B;g;‘f(d
41PT245 | #353-003-1b/2 B;g;id 1 1
41PT245 | #353-003-20/2 | et X | 1 2 3
41PT245 | #353-003-30/2 | et X 1 1
41PT245 #3183223‘ B;glid 1 1
41PT245 #33?328‘5)3' B,;gncid
41pT245 | M3 493223‘ B;glid
41PT186 | #345-005-1b/17 | Control X
None #MQ CE#14 Exp. Rock X
41PT185/C | #1341-004-1b/8 | Sediment
41PT185/C | #801-004-2b/10 | Sediment
41pT185/C| 1125;%04_ Sediment
Totals 12+ | 223 40 | 1 | 276
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Table F-2. Measurements of Lenticular Starch Grains from Artifacts.

(Note: All measurements are in microns).

Site Cat # / Feature Type No. Range Mean
41PT245 #401-008-1b / NA | Ceramic 1 31 31
41PT185/C #405-010 / NA GS 12 15.5-37.1 271
41PT185/C #966-010 / NA GS 248 -28.4 27
41PT185/C #1070-010 / NA GS 27.9-39.6 33.8
41PT185/C #1089-010 / NA GS 18.8-25.8 22.9
41PT185/C #1175-010 / NA Mano 42 17.5-43.3 27.5
41PT185/C #1129-011/18 GS 11 18.5-38.2 29.4
41PT185/C #1129-010/18 GS 6 19.8-325 25.6
41PT185/C #198-003-3b / 3 BR 1 30.3 30.3
41PT185/C #214-003-3b / 4 BR 2 28.1-42.8 35.5
41PT185/C #1348-003-2b / 5 BR 5 22.6 -36.7 29.5
41PT185/C #854-003-2b / 6 BR 1 23.8 23.8
41PT185/C #464-003-1b / 8 BR 2 24.8 - 27 259
41PT185/C #1341-003-2b / 8 BR 1 36.4 36.4
41PT185/C i1 337;;03'1 b/ BR 1 27.4 27.4
41PT185/C #899-003-5b / 12 BR 16 16.8 — 37 26.2
41PT185/C #901-003-1b / 12 BR 1 304 304
41PT185/C #901-003-2b / 12 BR 3 17 —-29.7 23.1
41PT185/C #901-003-4a /12 BR 41 12.9-34.5 24
41PT185/C #875-003-1b / 16 BR 1 35 35
41PT185/C #875-003-2b / 16 BR 16 — 30 234
41PT245 #353-003-2b / 2 BR 19.1 - 251 221

Totals 164 | 12.9-43.3 26.5

GS = Ground Stone, BR = Burned Rock.
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G.1 INTRODUCTION

A total of 21 burned rock fragments and two
ceramic sherds were submitted for analysis
in 2008; 42 samples of burned rock and
metate fragments were submitted in 2009.
Where necessary, subsamples were taken for
analysis from larger pieces of material.
Exterior surfaces were ground off to remove
any contaminants and samples were crushed.
Absorbed lipid residues were extracted with
organic solvents.  Lipid extracts were
analyzed using gas chromatography (GC)
and high temperature GC (HT-GC) and high
temperature gas chromatography with mass
spectrometry (HT-GC/MS). Residues were
identified on the basis of fatty acid
decomposition patterns of experimental
residues, lipid distribution patterns and
through the presence of biomarkers.
Procedures for the identification of
archaeological residues are outlined below;
following this, analytical procedures and
results are presented.

G.1.1 THE IDENTIFICATION OF
ARCHAEOLOGICAL RESIDUES

G.1.1.1 Identification of Fatty Acids

Fatty acids are the major constituents of fats
and oils (lipids) and occur in nature as
triglycerides, consisting of three fatty acids
attached to a glycerol molecule by ester-
linkages. The shorthand convention for
designating fatty acids, Cx:ywz, contains
three components. The “Cx” refers to a
fatty acid with a carbon chain length of x
number of atoms. The “y” represents the
number of double bonds or points of
unsaturation, and the “wz” indicates the
location of the most distal double bond on
the carbon chain, i.e. closest to the methyl
end. Thus, the fatty acid expressed as
C18:1m9, refers to a mono-unsaturated
isomer with a chain length of 18 carbon
atoms with a single double bond located
nine carbons from the methyl end of the
chain. Similarly, the shorthand designation,

C16:0, refers to a saturated fatty acid with a
chain length of 16 carbons.

Their insolubility in water and relative
abundance compared to other classes of
lipids, such as sterols and waxes, make fatty
acids suitable for residue analysis. Since
employed by Condamin et al. (1976), gas
chromatography has been used extensively
to analyze the fatty acid component of
absorbed archaeological residues.  The
composition of uncooked plants and animals
provides important baseline information, but
it is not possible to directly compare modern
uncooked plants and animals with highly
degraded archaeological residues.
Unsaturated fatty acids, which are found
widely in fish and plants, decompose more
readily than saturated fatty acids, sterols or
waxes. In the course of decomposition,
simple addition reactions might occur at
points of unsaturation (Solomons 1980) or
peroxidation might lead to the formation of
a variety of wvolatile and non-volatile
products which continue to degrade (Frankel
1991). Peroxidation occurs most readily in
fatty acids with more than one point of
unsaturation.

Attempts have been made to identify
archaeological residues using criteria that
discriminate uncooked foods (Marchbanks
1989; Skibo 1992; Loy 1994). The major
drawback of the distinguishing ratios
proposed by Marchbanks (1989), Skibo
(1992) and Loy (1994) is they have never
been empirically tested. The proposed ratios
are based on criteria that discriminate food
classes on the basis of their original fatty
acid composition. The resistance of these
criteria to the effects of decompositional
changes has not been demonstrated. Rather,
Skibo (1992) found his fatty acid ratio
criteria could not be used to identify highly
decomposed archaeological samples.

In order to identify a fatty acid ratio
unaffected by degradation processes, Patrick
et al. (1985) simulated the long-term
decomposition of one sample and monitored
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the resulting changes. An experimental
cooking residue of seal was prepared and
degraded in order to identify a stable fatty
acid ratio. Patrick et al. (1985) found that
the ratio of two C18:1 isomers, oleic and
vaccenic, did not change  with
decomposition; this fatty acid ratio was then
used to identify an archaeological vessel
residue as seal. While the fatty acid
composition of uncooked foods must be
known, Patrick ef al. (1985) showed that the
effects of cooking and decomposition over
long periods of time on the fatty acids must
also be understood.

G.1.1.2 Development of the
Identification Criteria

As the first stage in developing the
identification criteria used herein, the fatty
acid compositions of more than 130
uncooked Native food plants and animals
from Western Canada were determined
using gas chromatography (Malainey 1997,
Malainey ef al. 1999a). When the fatty acid
compositions of modern food plants and
animals were subject to cluster and principal
component analyses, the resultant groupings
generally corresponded to divisions that
exist in nature (Table G-1). Clear
differences in the fatty acid composition of
large mammal fat, large herbivore meat,
fish, plant roots, greens and
berries/seeds/nuts were detected, but the
fatty acid composition of meat from
medium-sized mammals resembles
berries/seeds/nuts.

Samples in cluster A, the large mammal and
fish cluster had elevated levels of C16:0 and
C18:1 (Table G-1). Divisions within this
cluster stemmed from the very high level of
C18:1 isomers in fat, high levels of C18:0 in
bison and deer meat and high levels of very
long chain unsaturated fatty acids (VLCU)
in fish. Differences in the fatty acid
composition of plant roots, greens and
berries/seeds/nuts reflect the amounts of
C18:2 and Cl18:3®w3 present. The berry,
seed, nut and small mammal meat samples

appearing in cluster B have very high levels
of C18:2, ranging from 35% to 64% (Table
G-1). Samples in subclusters V, VI and VII
have levels of C18:1 isomers from 29% to
51%, as well. Plant roots, plant greens and
some berries appear in cluster C. All cluster
C samples have moderately high levels of
C18:2; except for the berries in subcluster
XII, levels of C16:0 are also elevated.
Higher levels of C18:3w3 and/or very long
chain saturated fatty acids (VLCS) are also
common except in the roots which form
subcluster XV.

Secondly, the effects of cooking and
degradation over time on fatty acid
compositions were examined. Originally,
19 modern residues of plants and animals
from the plains, parkland and forests of
Western Canada were prepared by cooking
samples of meats, fish and plants, alone or
combined, in replica vessels over an open
fire (Malainey 1997; Malainey et al. 1999b).
After four days at room temperature, the
vessels were broken and a set of sherds
analysed to determine changes after a short
term of decomposition. A second set of
sherds remained at room temperature for 80
days, then placed in an oven at 75°C for a
period of 30 days in order to simulate the
processes of long term decomposition. The
relative percentages were calculated on the
basis of the ten fatty acids (C12:0, C14:0,
C15:0, Cl1e6:0, Cl16:1, C17:0, CI18:0,
C18:1w9, C18:1wl1, C18:2) that regularly
appeared in Precontact Period vessel
residues from Western Canada. Observed
changes in fatty acid composition of the
experimental cooking residues enabled the
development of a method for identifying the
archaeological residues (Table G-2).

It was determined that levels of medium
chain fatty acids (C12:0, C14:0 and C15:0),
C18:0 and C18:1 isomers in the sample
could be used to distinguish degraded
experimental cooking residues (Malainey
1997; Malainey et al. 1999b). Higher levels
of medium chain fatty acids, combined with
low levels of C18:0 and C18:1 isomers,
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were detected in the decomposed
experimental residues of plants, such as
roots, greens and most berries. High levels
of C18:0 indicated the presence of large
herbivores. = Moderate levels of C18:1
1somers, with low levels of C18:0, indicated
the presence of either fish or foods similar in
composition to corn. High levels of C18:1
isomers with low levels of C18:0, were
found in residues of beaver or foods of
similar fatty acid composition. The criteria
for identifying six types of residues were
established experimentally; the seventh type,
plant with large herbivore, was inferred
(Table G-2). These criteria were applied to
residues extracted from more than 200
pottery cooking vessels from 18 Western
Canadian sites (Malainey 1997; Malainey et
al. 1999¢c; 2001b). The identifications were
found to be consistent with the evidence
from faunal and tool assemblages for each
site.

Work has continued to understand the
decomposition patterns of various foods and
food combinations (Malainey et al. 2000a,
2000b, 2000c, 2001a; Quigg et al. 2001).
The collection of modern foods has
expanded to include plants from the
Southern  Plains. The fatty acid
compositions of mesquite beans (Prosopis
glandulosa), Texas ebony seeds
(Pithecellobium ebano Berlandier), tasajillo
berry (Opuntia leptocaulis), prickly pear
fruit and pads (Opuntia engelmannii),
Spanish dagger pods (Yucca treculeana),
cooked sotol (Dasylirion wheeler), agave
(Agave  lechuguilla), cholla  (Opuntia
imbricata), pifiion (Pinus edulis) and Texas
mountain laurel (or mescal) seed (Sophora
secundiflora) have been determined.
Experimental residues of many of these
plants, alone or in combination with deer
meat, have been prepared by boiling foods
in clay cylinders or using sandstone for
either stone boiling (Quigg ef al. 2000) or as
a griddle. In order to accelerate the
processes of oxidative degradation that
naturally occur at a slow rate with the
passage of time, the rock or clay tile

containing the experimental residue was
placed in an oven at 75°C. After either 30
or 68 days, residues were extracted and
analysed using gas chromatography. The
results of these decomposition studies
enabled refinement of the identification
criteria (Malainey 2007).

G.1.1.3 Using Lipid Distribution and
Biomarkers to Identify
Archaeological Residues

Archaeological scientists working in the
United Kingdom have had tremendous
success using high  temperature-gas
chromatography = (HT-GC) and  gas
chromatography with mass spectrometry
(HT-GC/MS) to identify biomarkers. High
temperature gas chromatography is used to
separate and assess a wide range of lipid
components, including fatty acids, long
chain alcohols and hydrocarbons, sterols,
waxes, terpenoids and triacylglycerols
(Evershed et al. 2001). The molecular
structure of separated components is
elucidated by mass spectrometry (Evershed
2000).

Triacylglycerols, diacylglycerols and sterols
can be used to distinguish animal-derived
residues, which contain cholesterol and
significant levels of both triacylglycerols,
from plant-derived residues, indicated by
plant  sterols, such as [-sitosterol,
stigmasterol and campesterol, and only
traces of triacylglycerols (Evershed 1993;
Evershed et al. 1997a; Dudd and Evershed
1998). Barnard et al. (2007), however, have
recently suggested that micro-organisms
living off residues can introduce B-sitosterol
into residues resulting from the preparation
of animal products. Waxes, which are long-
chain fatty acids and long-chain alcohols
that form protective coatings on skin, fur,
feathers, leaves and fruit, also resist decay.
Evershed et al. (1991) found epicuticular
leaf waxes from plants of the genus Brassica
in vessel residues from a Late
Saxon/Medieval settlement. Cooking
experiments later confirmed the utility of
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nonacosane, nonacosan-15-one and
nonacosan-15-ol to indicate the preparation
of leafy vegetables, such as turnip or
cabbage (Charters ef al. 1997). Reber et al.
(2004) recently suggested n-dotriacontanol
could serve as an effective biomarker for
maize in vessel residues from sites located
in Midwestern and Eastern North America.
Beeswax can be identified by the presence
and distribution of n-alkanes with carbon
chains 23 to 33 atoms in length and palmitic
acid wax esters with chains between 40 and
52 carbons in length (Heron et al. 1994;
Evershed et al. 1997b).

Terpenoid compounds, or terpenes, are long
chain alkenes that occur in the tars and
pitches of higher plants. The use of GC and
GC/MS to detect the diterpenoid,
dehydroabietic acid, from conifer products
in archaeological residues extends over a
span of 25 years (Shackley 1982; Heron and
Pollard 1988). Lupeol, a- and B-amyrin and
their derivatives indicate the presence of
plant materials (Regert 2007). Eerkens
(2002) used the predominance of the
diterpenoid, A—8(9)-isopimaric acid, in a
vessel residue from the western Great Basin
to argue it contained pifiyon resins. Other
analytical techniques have also been used to
identify terpenoid compounds. Sauter et al.
(1987) detected the triterpenoid, betulin, in
Iron Age tar using both 'H and "*C nuclear
magnetic resonance spectroscopy (NMR),
confirming the tar was produced from birch.

G.2 METHODOLOGY

Descriptions of the samples are presented in
Tables G-3 and G-4. Possible contaminants
were removed by grinding off the exterior
surfaces with a Dremel® tool fitted with a
silicon carbide bit. Immediately thereafter,
the sample was crushed with a hammer
mortar and pestle and the powder transferred
to an Erlenmeyer flask.  Lipids were
extracted using a variation of the method
developed by Folch et al. (1957). The
powdered sample was mixed with a 2:1

mixture, by volume, of chloroform and
methanol (2 X 25 mL) using ultrasonication
(2 X 10 min). Solids were removed by
filtering the solvent mixture into a
separatory funnel. The lipid/solvent filtrate
was washed with 13.3 mL of ultrapure
water. Once separation into two phases was
complete, the lower chloroform-lipid phase
was transferred to a round-bottomed flask
and the chloroform removed by rotary
evaporation. Any remaining water was
removed by evaporation with benzene (1.5
mL); 1.5 mL of chloroform-methanol (2:1,
v/v) was used to transfer the dry total lipid
extract to a screw-top glass vial with a
Teflon®-lined cap. The sample was flushed
with nitrogen and stored in a -20°C freezer.

G.2.1 PREPARATION OF FAMES

A 400 pL aliquot of the total lipid extract
solution was placed in a screw-top test tube
and dried in a heating block under nitrogen.
Fatty acid methyl esters (FAMES) were
prepared by treating the dry lipid with 5 mL
of 0.5 N anhydrous hydrochloric acid in
methanol (68°C; 60 min). Fatty acids that
occur in the sample as di- or triglycerides
are detached from the glycerol molecule and
converted to methyl esters. After cooling to
room temperature, 3.4 mL of ultrapure water
was added. FAMES were recovered with
petroleum ether (2.5 mL) and transferred to
a vial. The solvent was removed by heat
under a gentle stream of nitrogen; the
FAMES were dissolved in 75 pL of iso-
octane then transferred to a GC vial with a
conical glass insert.

G.2.2 PREPARATION OF TMS
DERIVATIVES

A 100 pL aliquot of the total lipid extract
solution was placed in a screw-top vial and
dried in a heating block under nitrogen.
Trimethylsilyl (TMS) derivatives were
prepared by treating the dry lipid with 70 pL
of N,O-bis (trimethylsilyl)
trifluoroacetamide (BSTFA) containing 1%
trimethylchlorosilane, by volume (70°C; 30
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min.). In 2008, the derivatives were injected
directly; in 2009, they were dried under
nitrogen and then redissolved in 80 pL
hexane.

Solvents and chemicals were checked for
purity by running a sample blank. The
entire lipid extraction was performed;
FAMES and TMS derivatives were prepared
and analyzed. Traces of contamination were
subtracted from sample chromatograms.
The relative percentage composition was
calculated by dividing the integrated peak
area of each fatty acid by the total area of
fatty acids present in the sample.

The step in the extraction procedure where
the chloroform, methanol and lipid mixture
is washed with water is standard procedure
for the extraction of lipids from modern
samples. Following Evershed et al. (1990),
who reported that this step was unnecessary
for the analysis of archaeological residues,
previously the solvent-lipid mixture was not
washed. This step was adopted to remove
impurities so that clearer chromatograms
could be obtained in the region where very
long chain fatty acids (C20:0, C20:1, C22:0
and C24:0) occur. It was anticipated that the
detection and accurate assessment of these
fatty acids could be instrumental in
separating residues of animal origin from
those of plant (Malainey et al. 2000a, 2000b,
2000c, 2001a).

In order to identify the residue on the basis
of fatty acid composition, the relative
percentage composition was determined first
with respect to all fatty acids present in the
sample (including very long chain fatty
acids) (see Table G-4) and secondly with
respect to the ten fatty acids utilized in the
development of the identification criteria
(C12:0, C14:0, C15:0, C16:0, C16:1, C17:0,
C18:0, C18:1w9, C18:1wl1 and C18:2) (not
shown). The second step is necessary for
the application of the identification criteria
presented in Table G-2. It must be
understood that the identifications given do
not necessarily mean that those particular

foods were actually prepared because
different foods of similar fatty acid
composition and lipid content would
produce similar residues. It is possible only
to say that the material of origin for the
residue was similar in composition to the
food(s) indicated. High temperature gas
chromatography and high temperature gas
chromatography is used to further clarify the
identifications.

G.2.3 GAS CHROMATOGRAPHY
ANALYSIS PARAMETERS

The GC analysis was performed on a Varian
3800 gas chromatograph fitted with a flame
ionization detector connected to a personal
computer. Samples were separated using a
DB-23 fused silica capillary column (30 m
X 0.25 mm 1D.; J&W Scientific; Folsom,
CA). An autosampler injected a 3 puL
sample using a split/splitless injection
system. Hydrogen was used as the carrier
gas with a column flow of 1.0 mL/min.
Column temperature was held at 80°C for
one minute then increased to 140°C at a rate
of 20°C per minute. It was then
programmed from 140 to 230°C at 4°C per
minute. The upper temperature was held for
17 minutes. Chromatogram peaks were
integrated  using  Varian = Microsoft
Workstation® software and identified
through  comparisons  with  external
qualitative  standards (NuCheck Prep;
Elysian, MN).

G.2.4 HIGH TEMPERATURE GAS
CHROMATOGRAPHY AND GAS
CHROMATOGRAPHY WITH MASS
SPECTROMETRY

Both HT-GC and HT GC-MS analyses were
performed on a Varian 3800 gas
chromatograph fitted with both a flame
ionization detector and Varian 4000 mass
spectrometer connected to a personal
computer. For HT-GC analysis, the sample
was injected onto a DB-1ht fused silica
capillary column (15 m X 0.32 mm L[.D;
Agilent J&W; Santa Clara, CA) connected
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to the flame ionization detector, using
hydrogen as the carrier gas. For HT-GC/MS
analysis, samples were injected onto a VF-
Sht fused silica capillary column (30 m X
0.25 mm [.D.; Varian, Palo Alto, CA)
connected to the mass spectrometer, using
helium as the carrier gas. For both analyses,
the column temperature were held at 50°C
for two minutes then increased to 350°C at a
rate of 10°C per minute. The Varian 400
mass spectrometer was operated in electron-
impact ionization mode scanning from m/z
50-700. Chromatogram peaks and
Microsoft spectra were processed using
Varian Microsoft Workstation® software
and identified through comparisons with
external qualitative standards (Sigma
Aldrich; St. Louis, MO and NuCheck Prep;
Elysian, MN), reference samples and the
NIST database.

G.3 RESULTS OF
ARCHEOLOGICAL DATA
ANALYSIS

The compositions of residues extracted from
eight samples analyzed in 2008 are
presented in Table G-5; the 2009 analysis
results are presented in Tables G-6 and G-7.
The term, Area, represents the area under
the chromatographic peak of a given fatty
acid, as calculated by the Varian Microsoft
Workstation ® software minus the solvent
blank. The term, Rel%, represents the
relative percentage of the fatty acid with
respect to the total fatty acids in the sample.
Insufficient lipids were recovered from 15
samples submitted in 2008 to attempt
identification: residues 8MQ 6 (112-3-2a),
8MQ 7 (112-3-3a), 8MQ 8 (112-3-4a), BMQ
10 (214-3-2a), 8MQ 11 (214-3-3a), 8MQ 13
(198-3-1a), 8MQ 14 (198-3-2a), 8MQ 15
(198-3-3a), 8MQ 16 (198-3-4a), 8MQ 17
(389-3-1a), 8MQ 18 (398-3-2a), 8MQ 19
(398-3-3a), 8MQ 20 (398-3-4a), 8MQ 21
(341-8-1a) and 8MQ 21 (345-5-1a). The
identifications of the fatty acids were
verified through high temperature GC/MS,
in addition, lipid biomarkers were detected.

Two samples submitted in 2009 contained
insufficient  fatty acids to attempt
identification and no lipid biomarkers were
detected: 9MQ 10 (502-3-1a) and IMQ 26
(1234-3-1a).

G.3.1 RESIDUES CONTAINING LARGE
HERBIVORE PRODUCTS

Of the eight residues with sufficient lipids
analyzed in 2008, large herbivore products
appear to be present in five: 8MQ 1 (353-3-
la), 8MQ 2 (353-3-2a), 8MQ 3 (353-3-3a),
8MQ 4 (353-3-4a) and 8MQ 5 (112-3-1a).
These identifications are made on the basis
of:1) levels of C18:0 in the residues, 2)
significant levels of cholesterol and 3) the
presence of triacylglycerols. The sample
from which residue 8MQ 3 was extracted
differs from the other Site 41PT245, feature
2 burned rocks in that significantly less lipid
was extracted; amounts of fatty acids ranged
between 6% and 10% the amounts recovered
from the other samples. Levels of the plant
sterol, B-sitosterol, also appear to be quite
high. With further analysis it may be
possible to determine the relative amounts of
the cholesterol and p-sitosterol in the
sample; both emerge from the column at the
same time as other components (co-elute),
so accurate peak integration is not possible.
Levels of triacylglycerols in this residue are
very low compared to the other residues
from this feature. The HT-GC
chromatogram of residue 8MQ 5 is similar
to residue 8MQ 3 with respect to high levels
of  B-sitosterol and low levels of
triacylglycerols. Levels of medium chain
fatty acids are both slightly elevated in these
residues, as well. For these reasons,
residues 8MQ 3 and 8MQ 5 are identified as
large herbivore residues with traces of plant
material present. Large herbivore residues
result from the preparation of bison, deer,
moose, fat elk meat or other bovines or
cervids; but javelina meat also produce
residues high in C18:0 and must be
considered as a potential source where
available.
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High levels of C18:0 in seven residues
analyzed in 2009 indicated the presence of
large herbivore products. Four of the
residues are similar in that the level of C18:0
ranges between about 29% and 34% and
either moderate-high 9MQ 28 (1181-3-1a)
and IMQ 39 (514-10) or high levels IMQ
17 (1337-3-1a) and IMQ 25 (712-3-1a),
levels of C18:1 isomers. Residue 9 MQ 28
has  highly  significant levels  of
triacylglycerols; cholesterol is present and
levels of C18:2 are low, suggesting it
consists of only large herbivore products,
perhaps a combination of meat and marrow.
Triacylglycerols were present in 9IMQ 25
but only traces were detected in residue
OMQ 17 and 9MQ 39. Slightly elevated
levels of C18:2 could indicate the presence
of plant material in the last two residues.
The lipid biomarkers dehydroabietic acid
was detected in residue 9MQ39, which
confirms the presence of conifer products.
The source of the conifer products is not
known; they may have been introduced from
firewood, resins or other conifer products.

One residue, 9IMQ 19 (355-3-1a) has
similarly high levels of C18:0 but a medium
level of C18:1 isomers, 21.61%. This
residue appears to represent a combination
of large herbivore products and medium or
moderate-high fat content plants. Traces of
triacylglycerols were detected but three lipid
biomarkers appeared in this residue: the
plant sterol B-sitosterol, the animal sterol
cholesterol and dehydroabietic acid, which
indicates conifer products.

Two of these residues, IMQ 16 (1332-3-1a)
and 9MQ 24 (901-3-3a), are characterized
by slightly lower levels of C18:0, 25.50 to
26.26%, and moderate-high levels of C18:1
isomers. This combination is known to
known to occur in the decomposed residues
of large herbivore bone marrow and large
herbivore meat prepared with moderate-high
or high fat content seeds or nuts. The levels
of C18:2 are quite high in these residues, 5%
to 6%, which is consistent with the presence
of seeds or nuts. Significant levels of

triacylglycerols were preserved in residue
OMQ 16, which further confirms the
presence of animal products; however, no
lipid biomarkers were present in this
residue. Highly significant levels of
triacylglycerols appear in residue IMQ 24
and the animal sterol cholesterol was
detected.  Dehydroabietic acid was also
detected, which confirms the presence of
conifer products. The source of the conifer
products is not known; they may have been
introduced from firewood, resins or other
conifer products.

G.3.2 VERY HIGH FAT CONTENT
RESIDUES

The levels of C18:1 isomers in one residue
analyzed in 2008, 8MQ 12 (214-3-4a) is
very high, 63.38%. Very high levels of
C18:1 isomers are observed in the
decomposed residues of foods of very high
fat content seeds or nuts, such as pifion. The
elevated levels of C18:2 in this residue are
also typical of plant material. The presence
of the plant sterol, B-sitosterol, in the residue
was confirmed with HT-GC/MS; the animal
sterol, cholesterol is absent. This further
supports a seed or nut origin for this residue.

Eleven of the residues analyzed in 2009 had
levels of C18:1 isomers in excess of 50%;
all also have elevated levels of C18:2,
ranging between 7.5 and 15.23%, which is
consistent with the preparation of seeds or
nuts. These very high fat content residues
can be divided into three groups based on
C18:0 levels. Five residues, 9MQ 2 (1348-
3-2a), IMQ 3 (854-3-1a), IMQ 4 (854-3-
2a), IMQ 15 (1340-3-2a) and IMQ 23 (901-
3-2a), have C18:0 levels that are less than
5%. Triacylglycerols were present in low
levels in the first three of these residues,
which is consistent with plant materials.
Azelaic acid is present in residue IMQ 2,
which is a short chain dicarboxylic acid
associated with the oxidation of unsaturated
fatty acids (Regert et al. 1998). Unsaturated
fatty acids are most abundant in seed oils,
which suggest that plant seeds or nuts were
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prepared. Dehydroabietic acid indicates the
presence of conifer products in residue IMQ
4. Levels of triacylglycerols are somewhat
higher in the 9MQ 15 and much higher in
residue  9MQ 23, which suggests the
presence of animal products. Cholesterol
was detected in both of these residues and f-
sitosterol was detected in only the latter
residue.

The second group consists of four residues
with C18:0 levels between 7 and 10%: IMQ
14 (1340-3-1a), OMQ 27 (1234-3-2a), IMQ
30 (1181-3-3a) and 9MQ 31 (1192-3-1a).
Triacylglycerol levels were either present in
trace amount or were not detected in these
residues, which is consistent with plant
materials. Even so, cholesterol was detected
in 9MQ 14 and 9MQ 30, which confirms the
presence of animal products; p-sitosterol
was present in 9MQ 30. Dehydroabietic
acid, an indicator of conifer products, was
detected in residues 9MQ 30 and IMQ 31.

The third group consists of two residues,
IMQ 5 (464-3-1a) and IMQ 9 (1341-3-2a),
that have C18:0 levels of between 13% and
16%. Only traces of triacylglycerols are
present in these residues, which is consistent
with plant products. The higher levels of
C18:0 in these residues, however, may
indicate the presence of plant materials and
cholesterol is present in residue 9MQ 9.
Azelaic acid and dehydroabietic acid appear
in residue 9MQ 5, so only plant materials
seem to be present.

G.3.3 HIGH FAT CONTENT RESIDUES

One residue analyzed in 2008, 8MQ 9 (214-
3-1a) is high, 42.98%, was characterized as
high fat content. The amount of lipid
recovered was very low, which added a
dimension  of  uncertainty to the
identification process. Similarly high levels
of Cl18:1 isomers are observed in the
decomposed residues of high fat content
seeds or nuts and the rendered fats of certain
mammals (other than large herbivores). The
HT-GC chromatogram of this residue is very

similar to that of residue 8MQ 12, except
residue 8MQ 9 has lower levels of C18:1
isomers and a higher level of C18:0, over
10%. The presence of the plant sterol, -
sitosterol, and the animal sterol, cholesterol,
was confirmed with HT-GC/MS.  This
residue appears to represent that of a plant
material with traces of animal products
present.

A total of 13 residues analyzed in 2009 were
characterized as high fat content. Three of
the residues are similar in that the levels of
C18:0 are less than 8%: OMQ 7 (474-3-1a),
9MQ 20 (361-3-1a) and IMQ 21 (361-3-2a).
Triacylglycerols are present in low levels in
these residues. Azelaic acid is present in
residue 9MQ 7; dehydroabietic acid was
detected in all three. Both B-sitosterol and
cholesterol are present in residue 9IMQ 21,
but the latter is the only evidence of animal
products.

Six other residues have levels of C18:0 that
range between about 10% and 12% and
C18:2 levels occur between 4 and 7%: IMQ
11 (502-3-2a), 9MQ 13 (504-3-4a), OMQ 18
(1337-3-2a), OMQ 22(901-3-1a), IMQ 34
(875-3-2a) and O9MQ 40 (1127-11).
Triacylglycerols are present but occur in all
residues at fairly low or trace levels. Lipid
biomarkers are present in all residues. f-
sitosterol and cholesterol both appear in
residues OMQ 11, 9MQ 18 and IMQ 40. B-
sitosterol and dehydroabietic acid both
appear in residue 9MQ 40. Cholesterol is
present in residue 9IMQ 13; dehydroabietic
acid is present in 9MQ 34.

Four other residues are similar in the levels
of C18:0 are higher, between about 14 and
21%: OMQ 32 (1192-3-2a), OMQ 36 (1129-
3-2a), OMQ 37 (1070-3-1a) and IMQ 42
(406-3-1a). Levels of C18:2 range between
423 and 6.38% in most residues and
triacylglycerols are present in low or trace
amounts. The exception is residue IMQ 36
which has a high level of C18:2, 10.26%,
indicating plant products, and significant
levels of triacylglycerols, indicating animal
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products. Three biomarkers were detected
in this residue, B-sitosterol, dehydroabietic
acid and azelaic acid, which all indicate
plant products. Both cholesterol and azelaic
acid occur in residue IMQ 37, suggesting
animal products are present with the plant
material. Dehydroabietic acid occurs in
residue 9IMQ 32. No lipid biomarkers were
detected in residue 9IMQ 42, but its elevated
C18:0 level suggests animal products could
be present.

Two residues were on the border between
high and very high fat content, 9MQ 12
(504-3-3a) and 9MQ 29 (1181-3-2a).
Levels of C18:2 in these residues are 5.45
and 7.19%, respectively, which suggests
plant products are present. Only traces of
triacylglycerols appear in these residues;
levels of C18:0 are variable, 6.50% and
11.24%, respectively. Somewhat contrary to
expectations, cholesterol and dehydroabietic
acid appear in reside IMQ 12; only B-
sitosterol was detected in residue 9IMQ 29.

G.3.4 MODERATE-HIGH FAT CONTENT
RESIDUES

One residue analyzed in 2008, 8MQ 22
(401-8-1a), had a moderately-high level of
C18:1 isomers, 30.76% and levels of
medium chain fatty acids of over 20%.
Foods known to produce similar levels of
C18:1 isomers include Texas ebony seeds
and the fatty meat of medium-sized
mammals, such as beaver. High levels of
medium chain fatty acids are associated with
plant residues and the HT-GC/MS
chromatogram is consistent with that of
plant material. The presence of the plant
sterol, [B-sitosterol, and the animal sterol,
cholesterol, was confirmed with HT-
GC/MS, however. This residue appears to
primarily result from the preparation of plant
material, but animal products are also
present.

Two residues analyzed in 2009 were
characterized by moderate-high levels of
C18:1 isomers, 9MQ 38 (1070-3-2a) and

OMQ 41 (1089-10). Level of C18:0 is
somewhat elevated in 9MQ 38, 17.06%, but
the level of C18:2 is also elevated, 5.78%.
Two biomarkers appear in the residue,
azelaic acid and dehydroabietic acid,
suggesting only plant products are present.
The level of C18:0 is higher in IMQ 41,
23.01%, and levels of C18:2 are fairly low,
2.36%. Significant levels of triacylglycerols
occur in this residue, indicating animal
products; but no lipid biomarkers were
detected.

G.3.5 MEDIUM FAT CONTENT RESIDUES

Two residues analyzed in 2009 were
characterized as medium fat content, 9MQ
33 (875-3-1a) and IMQ 35 (1129-3-1a).
Examples of medium fat content plant foods
include mesquite, corn and cholla.
Freshwater fish, terrapin, Rabdotus snail and
late winter, fat-depleted elk are examples of
medium fat content animal foods. The
source of residue 9IMQ 33 is ambiguous
because levels of C18:0, C18:2 and medium
chain fatty acids are all low; triacylglycerols
are present in low amounts but no lipid
biomarkers were detected. Levels of C18:0,
C18:2 and medium chain fatty acids are
higher in 9MQ 35, suggesting a possible
plant and animal combination. This is
supported by the detection of cholesterol,
azelaic acid and dehydroabietic acid in the
residue but no triacylglycerols were
detected.

G.3.6 RESIDUES WITH Low FATTY AcCID
RECOVERIES

Although  three  residues  contained
insufficient  fatty acids to attempt
identification, lipid biomarkers were
detected using HT-GC/MS (Table G-7).
Azelaic acid was detected in residue IMQ 1
(1348-3-1a), 9IMQ 6 (464-3-2a) and IMQ 8
(1341-3-1a). As noted above, this short
chain dicarboxylic acid is associated with
the oxidation of unsaturated fatty acids
(Regert et al. 1998). Unsaturated fatty acids
are most abundant in seed oils, which
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suggests that plant seeds or nuts were
prepared. Dehydroabietic acid appears to be
present IMQ 1 and 9IMQ 6, which confirms
the presence of conifer products. The source
of the conifer products is not known; they
may have been introduced from firewood,
resins or other conifer products. Cholesterol
appears to be present in residue IMQ 6,
indicating an animal origin for the residue.

G.3.7 CONCLUDING REMARKS

Cholesterol, the lipid biomarker of animal
products, occasionally appears in residues
with all the characteristics of high fat
content plant residues. Plant seed or nut
residues typically have high levels of C18:1
isomers, elevated levels of C18:2, low levels
of C18:0, trace amounts of triacylglycerols
and the presence of azelaic acid. It is
possible that the animal sterol was retained
from a previous use.
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Appendix G

Lipid Analysis

Table G-1. Summary of average fatty acid compositions of modern food groups generated by hierarchical cluster analysis.

Cluster A B C
Subcluster I 1 111 v A% VI Vil VIII IX X X1 XII XIII X1v XV
Type Mammal Large Fish | Fish | Berries | Mixed Seeds | Roots | Seeds | Mixed | Greens | Berries | Roots | Greens | Roots
Fatand | Herbivore and and
Marrow Meat Nuts Berries
C16:0 19.90 19.39 16.07 | 14.10 | 3.75 12.06 7.48 19.98 7.52 10.33 18.71 347 | 22.68 | 24.19 | 18.71
C18:0 7.06 20.35 387 | 278 1.47 2.36 2.58 2.59 3.55 2.43 2.48 1.34 3.15 3.66 5.94
C18:1 56.77 35.79 18.28 | 31.96 | 51.14 35.29 29.12 6.55 10.02 15.62 5.03 1495 | 12.12 | 4.05 3.34
C18:2 7.01 8.93 291 | 404 | 4144 35.83 54.69 | 48.74 | 64.14 39.24 18.82 29.08 | 26.24 | 16.15 | 15.61
C18:3 0.68 2.61 439 | 3.83 1.05 3.66 1.51 7.24 5.49 19.77 35.08 3975 | 9.64 | 17.88 | 3.42
VLCS 0.16 0.32 023 | 0.15 0.76 4.46 2.98 8.50 5.19 3.73 6.77 9.10 | 1532 | 18.68 | 43.36
VLCU 0.77 4.29 3992 | 2411 | 0.25 2.70 1.00 2.23 0.99 2.65 1.13 0.95 2.06 0.72 1.10

VLCS- Very Long Chain (C20, C22 and C24) Saturated Fatty Acids

VLCU - Very Long Chain (C20, C22 and C24) Unsaturated Fatty Acids
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas
Bureau of Land Management

Table G-2. Criteria for the Identification of Archaeological Residues Based on the
Decomposition Patterns of Experimental Cooking Residues Prepared in Pottery Vessels.

Identification Medium Chain C18:0 C18:1 isomers
Large herbivore <15% >27.5% <15%
Large herbivore with plant low >25% 15% <X <25%
or Bone marrow

Plant with large herbivore > 15% >25% no data
Beaver low Low >25%

Fish or Corn low <25% 15% < X<27.5%
Fish or Corn with Plant >15% <25% 15% < X<27.5%
Plant (except corn) >10% <27.5% <15%
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Lipid Analysis

Table G-3. List of Burned Rock and Pottery Samples Analyzed in 2008.

Lab No. Site C;;ﬂl(;)gel;e Feature Provenience Description Sf;:l()g
41PT245 Burned rock
SMQ 1 353-003-1a 5 T3, bulle 130-136 46.135
SMQ 2 41PT245 353-003-2a 2 "CFIIHJS; bulk, 130-136 Burned rock 26.429
SMQ 3 41PT245 353-003-3a 2 CTIIHJS; bulk, 130-136 Burned rock 34.229
8MQ 4 41PT245 353-003-4a 2 zrgé; bulk, 130-136 Burned rock 32.456
$MQ 5 4IPTISS/A | 112.003-1a 2 TU 8, 80-90 cmbs Burned rock 39.695
8MQ 6 4IPTISS/A | 112.003-2a 2 TU 8, 80-90 cmbs Burned rock 22.988
SMQ 7 41PTI85/A | 112-003-3a 2 TU 8, 80-90 cmbs Burned rock 16.753
SMQ 8 41PTI85/A | 112-003-4a 2 TU 8, 80-90 cmbs Burned rock 22.994
8MQ 9 4IPTI8S/C | 214-.003-1a 4 TU 23,90-102 cmbs | Burned rock 33.665
$MQ 10 4IPTI8S/C | 214-.003-2a 4 TU 23,90-102 cmbs | Burned rock 35271
8MQ 11 4IPTISS/C | 214.003-3a 4 TU 23,90-102 cmbs | Burned rock 30.959
8MQ 12 4IPTI8S/C | 214-003-4a 4 TU 23,90-102 cmbs | Burned rock 31.578
SMQ 13 41PTI85/C | 198.003-1a 3 TU 20, 85-93 cmbs Burned rock 31.574
SMQ 14 4IPTI8S/C | 198.003-2a 3 TU 20, 85-93 cmbs Burned rock 33.123
$MQ 15 41PTI85/C | 198.003-3a 3 TU 20, 85-93 cmbs Burned rock 28.167
8MQ 16 41IPTI8S/C | 198.003-4a 3 TU 20, 85-93 cmbs | Burned rock 32.483
$MQ 17 41PT245 389-003-1a 4/5 TU 9¢, 160-170 cmbs | Burned rock 38.406
$MQ 18 41PT245 398-003-2a 4/5 TU 9b, 160-170 cmbs | Burned rock 31.359
SMQ 19 41PT245 398-003-3a 4/5 TU 9¢, 160-170 cmbs | Burned rock 25.932
SMQ 20 41PT245 398-003-4a 4/5 TU 9¢, 160-170 cmbs | Burned rock 21.371
8MQ 21 41PT245 341-008-1a TU 3, 10-20 cmbs Ceramic 1.222
8MQ 22 41PT245 401-008-1a TU 10, 0-10 cmbs Ceramic 2.474
SMQ 23 41PT186 345-003-1a TU 8, 155 cmbs Burned rock 21.208
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas
Bureau of Land Management

Table G-4. List of Samples from Site 41PT185/C Analyzed in 2009.

Lab No. C;lt:;ll(l))gel:.e Feature Provenience Description Sample
Size (g)
9MQ 1 1348-003-1a 5 N110 E105, 50-60 Burned Rock 21.923
9OMQ 2 1348-003-2a 5 N110 E105, 50-60 Burned Rock 27.465
9MQ 3 854-003-1a 6 N113 E106, 40-50 Burned Rock 25.904
OMQ 4 854-003-2a 6 N113 E106, 40-50 Burned Rock 15.140
IMQ 5 464-003-1a 8 N104 E104, 50-60 Burned Rock 16.032
IMQ 6 464-003-2a 8 N104 E104, 50-60 Burned Rock 20.241
IOMQ 7 474-003-1a 8 N104 E105, 60-70 Burned Rock 26.002
9MQ 8 1341-003-1a 8 N104 E105, 50-60 Burned Rock 20.639
9MQ 9 1341-003-2a 8 N104 E105, 50-60 Burned Rock 24.257
9MQ 10 502-003-1a 9c N104 E117, 40-50 Burned Rock 20.487
9MQ 11 502-003-2a 9¢ N104 E117, 40-50 Burned Rock 23.016
9MQ 12 504-003-3a 9b N104 E117 Burned Rock 17.440
9MQ 13 504-003-4a 9b N104 E117 Burned Rock 23.527
IMQ 14 1340-003-1a 9b N105 E117, 50-60 Burned Rock 17.982
9MQ 15 1340-003-2a 9b N105 E117, 50-60 Burned Rock 23.919
9MQ 16 1332-003-1a 9¢ N103 E117, 50-60 Burned Rock 23.995
9MQ 17 1337-003-1a 9b N104 E116, 40-50 Burned Rock 19.669
9MQ 18 1337-003-2a 9b N104 E116, 40-50 Burned Rock 14.174
9MQ 19 355-003-1a 11 N102 E104, 55-60 Burned Rock 28.812
9MQ 20 361-003-1a 11 N102 E105, 50-60 Burned Rock 14.143
9MQ 21 361-003-2a 11 N102 E105, 50-60 Burned Rock 23.899
IMQ 22 901-003-1a 12 N114 E106, 40-50 Burned Rock 17.249
9MQ 23 901-003-2a 12 N114 E106, 40-50 Burned Rock 29.909
IMQ 24 901-003-3a 12 N114 E106, 40-50 Burned Rock 18.197
9MQ 25 712-010-1a 13 N110 E106, 40-50 Metate frag. 18.613
9IMQ 26 1234-003-1a 15a N120 E103, 40-50 Burned Rock 19.796
9MQ 27 1234-003-2a 15a N120 E103, 40-50 Burned Rock 23.662
9MQ 28 1181-003-1a 15b N119 E104, 40-50 Burned Rock 25.277
9MQ 29 1181-003-2a 15b N119 E104, 40-50 Burned Rock 27.379
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Table G-4. Continued. List of Samples from Site 41PT185/C Analyzed in 2009

Lab No. C;;?Ill(:)g;e Feature Provenience Description Sample
Size (g)
IMQ 30 1181-003-3a 15b N119 E104, 40-50 Burned Rock 22.070
9MQ 31 1192-003-1a 15¢ N119 E106, 40-50 Burned Rock 16.441
oMQ 32 1192-003-2a 15¢ N119 E106, 40-50 Burned Rock 20.695
9MQ 33 875-003-1a 16 N114 E98, 70-80 Burned Rock 28.818
IMQ 34 875-003-2a 16 N114 E98, 70-80 Burned Rock 29.610
9MQ 35 1129-003-1a 18 N118 E105, 50-60 Burned Rock 27.599
9MQ 36 1129-003-2a 18 N118 E105, 50-60 Burned Rock 21.036
oMQ 37 1070-003-1a 19 N117 E107, 60-70 Burned Rock 28.078
IMQ 38 1070-003-2a 19 N117 E107, 60-70 Burned Rock 17.081
9MQ 39 514-010-1 N/A N105 E98, 72 cm bs Metate frag. 22.948
IMQ 40 1129-010 18 N118 E105 Metate frag. 36.061
IMQ 41 1089-010 N/A N118 E97, 58 cm bs Metate frag. 31.661
OMQ 42 406-003-1a 11 N103 E104 Burned Rock 25.661
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas
Bureau of Land Management

Table G-5. Lipid Composition and Identification of Residues Analyzed in 2008.

Fatty acid SMQ 1 SMQ 2 SMQ 3 SMQ 4
Area Rel% Area Rel% Area Rel% Area Rel%
C12:0
12894 0.16 6365 0.09 12091 2.26 9985 0.18
C14:0 244556 2.99 194522 2.63 14547 2.72 118314 2.17
Cl14:1 0 0.00 0 0.00 0 0.00 0 0.00
C15:0 116656 1.43 67494 0.91 4930 0.92 58312 1.07
C16:0 2737630 33.51 2378175 32.19 145087 27.16 || 1919479 35.16
C16:1 5251 0.06 1374 0.02 1374 0.26 1374 0.03
C17:0 282938 3.46 228074 3.09 20914 3.91 199288 3.65
C18:0 4093125 50.10 3311584 44.82 288798 54.06 | 2916976 53.43
C18:1s 639953 7.83 1170559 15.84 39127 7.32 209185 3.83
C18:2 0 0.00 0 0.00 3113 0.58 0 0.00
C18:3w3 0 0.00 0 0.00 0 0.00 0 0.00
C20:0 32850 0.40 23726 0.32 4277 0.80 22967 0.42
C20:1 0 0.00 3700 0.05 0 0.00 0 0.00
C24:0 3371 0.04 2583 0.03 0 0.00 3488 0.06
Total 8169224 100.00 7388156 100.00 534258 100.00 || 5459368 | 100.00
;;Lii};ll; Present Present Trace Present
Sterols Cholesterol Cholesterol Ch&ﬁigﬁg(ﬁnd Cholesterol
Identification Large Herbivore Large Herbivore Larflel;{;f:;:fore Large Herbivore
Cutnlogue o 353-003-1a 353-003-2a 353-003-3a 353-003-4a
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Lipid Analysis

Table G-5 continued. Lipid Composition and Identification of Residues Analyzed in 2008.

. 8MQ 5 8SMQ 9 SMQ 12 SMQ 22
Fatty acid Area Rel% Area Rel% Area Rel% Area Rel%
C12:0
12037 1.25 7905 2.44 3315 0.66 39570 3.69
C14:0 26606 2.77 11137 3.44 3556 0.70 113467 10.57
C14:1 0 0.00 0 0.00 0 0.00 10474 0.98
C15:0 8222 0.86 2145 0.66 0 0.00 63416 591
C16:0 358973 37.33 75852 23.42 89497 17.71 360220 33.56
C16:1 108 0.01 40748 12.58 4013 0.79 8255 0.77
C17:0 27410 2.85 3722 1.15 0 0.00 14075 1.31
C18:0 383047 39.83 32937 10.17 16763 3.32 78660 7.33
C18:1s 133402 13.87 139178 42.98 320257 63.38 330147 30.76
C18:2 11795 1.23 10208 3.15 65444 12.95 46989 4.38
C18:3w3 0 0.00 0 0.00 0 0.00 3280 0.31
C20:0 0 0.00 0 0.00 52 0.01 1106 0.10
C20:1 0 0.00 0 0.00 2415 0.48 0 0.00
C24:0 0 0.00 0 0.00 0 0.00 3663 0.34
Total 961600 100.00 323832 100.00 505312 100.00 | 1073322 100.00
Triacyl-
glycerols Trace Trace/Absent Trace Trace/Absent
Sterols Cholesterol and B-sitosterol and . .
. B-sitosterol B-sitosterol and
B-sitosterol Cholesterol
Cholesterol
Identification
Large Herbivore and High Fat Content Nuts or Seeds, Moderately-high fat
g Plant Plant with trace of Very High Fat content Residue
animal products Content Plant containing Plant and
Animal products
Catalogue No.
112-003-1a 214-003-1a 214-003-4a 401-003-1a
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas
Bureau of Land Management

Table G-6. Lipid Composition and Identification of Residues Analyzed in 2009.

) IMQ 2 IMQ 3 IMQ 4 IMQ 5
Fatty acid Area Rel% Area Rel% Area Rel% Area Rel%
C12:0
11385 2.60 2979 0.36 0 0.00 7564 1.91
C14:0 11775 2.69 10261 1.26 4986 0.93 9347 2.37
C14:1 0 0.00 3781 0.46 0 0.00 0 0.00
C15:0 5549 1.27 5096 0.62 4641 0.86 4067 1.03
C16:0 24451 5.59 121470 14.87 48600 9.02 45907 11.62
C16:1 10187 2.33 13943 1.71 21880 4.06 5108 1.29
C17:0 1229 0.28 1385 0.17 763 0.14 1596 0.40
C17:1 3304 0.76 3022 0.37 2484 0.46 3070 0.78
C18:0 0 0.00 12970 1.59 7291 1.35 61762 15.63
C18:1s 301375 68.89 507906 62.18 380244 70.56 211534 53.55
C18:2 61794 14.12 117329 14.36 49303 9.15 36888 9.34
C18:3s 0 0.00 1247 0.15 3436 0.64 0 0.00
C20:0 1582 0.36 2791 0.34 2946 0.55 2873 0.73
C20:1 3823 0.87 6712 0.82 7903 1.47 2311 0.59
C24:0 1030 0.24 1418 0.17 1895 0.35 3007 0.76
C24:1 0 0.00 4482 0.55 2556 0.47 0 0.00
Total 437484 100.00 816792 100.00 538928 100.00 395034 100.00
Triacyl- Trace Trace/Present Trace/Present
glycerols Trace
Lipid
Biomarkers Azelaic acid None Detected Dehydroabietic acid Azelaic acid;
Dehydroabietic acid
Identification
. . Very High Fat Very High Fat
Very High Fat Very High Fat Content Plant Content Plant
Content Plant Content Plant .
(Seeds/Nuts); conifer (Seeds/Nuts);
(Seeds/Nuts) (Seeds/Nuts) .
products present conifer products
present
Catalogue No. 1348-003-2a 854-003-1a 464-003-1a

854-003-2a
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Table G-6. continued. Lipid Composition and Identification of Residues Analyzed in 2009.

. IMQ 7 IMQ 9 IMQ 11 IMQ 12
Fatty acid Area Rel% Area Rel% Area | Rel% Area Rel%
C12:0
8720 1.36 7166 2.24 5371 0.76 2979 0.67
C14:0 13236 2.06 11269 3.52 17083 2.41 11823 2.66
C14:1 0 0.00 0 0.00 0 0.00 2407 0.54
C15:0 9079 1.41 6740 2.11 7634 1.08 8066 1.82
C16:0 125988 19.59 27137 8.48 213281 30.12 113516 25.55
C16:1 18908 2.94 8110 2.54 10467 1.48 11575 2.60
C17:0 3855 0.60 2496 0.78 3691 0.52 2644 0.60
C17:1 3481 0.54 3783 1.18 5348 0.76 2937 0.66
C18:0 40094 6.23 42223 13.20 87369 12.34 28901 6.50
C18:1s 307373 47.79 171097 53.49 289322 40.86 220991 49.73
C18:2 53632 8.34 27902 8.72 47652 6.73 24201 5.45
C18:3s 29078 4.52 0 0.00 452 0.06 0 0.00
C20:0 4583 0.71 2887 0.90 6882 0.97 4216 0.95
C20:1 18496 2.88 4372 1.37 5644 0.80 3725 0.84
C24:0 3160 0.49 2426 0.76 4553 0.64 3821 0.86
C24:1 3444 0.54 2289 0.72 3398 | 048 2566 0.58
Total 643127 100.00 319897 100.00 708147 | 100.00 444368 100.00
Triacyl- Trace Trace Present
glycerols Trace
Lipid S .
Biomarkers DehAchil(::lc)iai;g;ci d Cholesterol ([jitls(;:f)ssttz:'?)ll, Cholesterol;
y ¢ Dehydroabietic acid
Identification
. Borderline High and
High Fat Content ‘C"(’)rnyt:lll‘tgll,‘lfl’:: High Fat Content Very High Fat
Plant (Seeds/Nuts); (Seeds/Nuts) with Plant (Seeds/Nuts) Content Plant
conifer products . with trace of (Seeds/Nuts) with
trace of animal . .
present animal products trace of animal
products .
products; conifer
products present
Catalogue No.
474-003-1a 1341-003-2a 502-003-2a 504-005-3a
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas
Bureau of Land Management

Table G-6. continued. Lipid Composition and Identification of Residues Analyzed in 2009.

Fatty acid IMQ 13 IMQ 14 IMQ 15 IMQ 16
ty Area Rel% Area Rel% Area Rel% Area Rel%
C12:0
3976 1.19 3184 0.61 3824 0.46 4481 0.62
C14:0 11829 3.55 7217 1.39 6432 0.77 14011 1.93
Cl4:1 0 0.00 0 0.00 0 0.00 0 0.00
C15:0 5796 1.74 6125 1.18 4825 0.58 6530 0.90
C16:0 110722 33.21 114488 22.03 80445 9.67 186040 25.60
C16:1 9152 2.75 13550 2.61 18765 2.25 11484 1.58
C17:0 4174 1.25 3229 0.62 2605 0.31 6350 0.87
C17:1 3364 1.01 0 0.00 4547 0.55 4314 0.59
C18:0 36533 10.96 36560 7.03 11316 1.36 185332 25.50
C18:1s 129323 38.79 268296 51.62 567672 68.20 244662 33.66
C18:2 18485 5.55 64465 12.40 126730 15.23 44221 6.08
C18:3s 0 0.00 0 0.00 0 0.00 5790 0.80
C20:0 0 0.00 0 0.00 0 0.00 6948 0.96
C20:1 0 0.00 0 0.00 2975 0.36 3396 0.47
C24:0 0 0.00 0 0.00 0 0.00 0 0.00
C24:1 0 0.00 2595 0.50 2181 0.26 3298 0.45
Total 333354 100.00 519709 100.00 832317 100.00 726857 100.00
Triacyl-
glycerols Trace Trace Present Significant
Lipid Cholesterol Cholesterol Cholesterol
Biomarkers None Detected
Identification . .
High Fat Content Very High Fat Very High Fat Large Herbivore
Content Plant Content Plant
Plant (Seeds/Nuts) . . Bone Marrow or
. . (Seeds/Nuts) with (Seeds/Nuts) with .
with trace of animal . . Flesh with
trace of animal trace of animal .
products Moderate-High Fat
products products
Plant
Catalogue No.
504-003-4a 1340-003-1a 1340-003-2a 1332-003-1a
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Table G-6. continued. Lipid Composition and Identification of Residues Analyzed in 2009.

Fatty acid IMQ 17 IMQ 18 IMQ 19 IMQ 20
ty Area Rel% Area Rel% Area Rel% Area Rel%
C12:0
9287 1.64 6399 2.15 3805 0.22 0 0.00
C14:0 16756 2.96 8738 2.94 51264 3.03 5975 1.31
C14:1 2898 0.51 0 0.00 0 0.00 0 0.00
C15:0 6421 1.13 4420 1.49 19806 1.17 4023 0.88
C16:0 110968 19.61 93411 31.45 559347 33.06 134915 29.68
C16:1 9561 1.69 8620 2.90 22200 1.31 13543 2.98
C17:0 4770 0.84 2465 0.83 44066 2.60 1824 0.40
C17:1 4278 0.76 3695 1.24 6171 0.36 2274 0.50
C18:0 172720 30.52 30239 10.18 530793 31.37 33275 7.32
C18:1s 202271 35.74 114574 38.57 365639 21.61 211865 46.61
C18:2 16469 2.91 11620 3.91 57386 3.39 19163 4.22
C18:3s 0 0.00 0 0.00 0 0.00 0 0.00
C20:0 5143 0.91 4343 1.46 17924 1.06 5672 1.25
C20:1 2286 0.40 4412 1.49 10154 0.60 13644 3.00
C24:0 0 0.00 4092 1.38 0 0.00 4075 0.90
C24:1 2107 0.37 0 0.00 3221 0.19 4338 0.95
Total 565935 100.00 297028 100.00 1691776 100.00 454586 | 100.00
Triacyl-
glycerols Trace Trace Trace Trace/Present
Lipid . Dehydroabietic acid;
Biomarkers None Detected Chqlesterol, Cholesterol; Dehydroabietic
B-sitosterol . .
B-sitosterol acid
Identification . . .
Large Herbivore- High Fat Content Large Herbivore and High Fat Content
Fatty Meat or with Plant (Seeds/Nuts) Medium Fat Content Pl '8 ¢ Sa d (;; etn .
Moderate-High Fat with trace of animal Plants; conifer an .( eeds/Nuts);
conifer products
Content Plants products products present
present
Catalogue No.
1337-003-1a 1337-003-2a 355-003-1a 361-003-1a
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas
Bureau of Land Management

Table G-6. continued. Lipid Composition and Identification of Residues Analyzed in 2009.

Fat id IMQ 21 IMQ 22 IMQ 23 IMQ 24
atty ac Area Rel% Area Rel% Area Rel% Area Rel%
C12:0
2811 0.62 8278 2.15 4408 0.55 9574 1.05
C14:0 10614 2.33 11542 3.00 9469 1.18 14923 1.64
C14:1 3397 0.75 0 0.00 3931 0.49 2714 0.30
C15:0 6241 1.37 5647 1.47 4652 0.58 6887 0.76
C16:0 146105 32.11 88797 23.09 206397 25.79 199851 21.92
C16:1 12329 2.71 12405 3.23 23066 2.88 6405 0.70
C17:0 5275 1.16 4270 1.11 3016 0.38 5826 0.64
C17:1 7368 1.62 4894 1.27 3132 0.39 3287 0.36
C18:0 35595 7.82 47332 12.31 35827 4.48 239469 26.26
C18:1s 192880 42.39 165020 42.91 429816 53.70 376415 41.28
C18:2 22123 4.86 19011 4.94 76706 9.58 46576 5.11
C18:3s 1418 0.31 0 0.00 0 0.00 0 0.00
C20:0 0 0.00 5553 1.44 0 0.00 0 0.00
C20:1 5277 1.16 4581 1.19 0 0.00 0 0.00
C24:0 0 0.00 4589 1.19 0 0.00 0 0.00
C24:1 3575 0.79 2661 0.69 0 0.00 0 0.00
Total 455008 100.00 384580 100.00 800420 100.00 911927 | 100.00
Triacyl- -
glycerols Trace Trace Significant Highly Significant
. Lipid Chf)lesterol; Cholesterol; Cholesterol;
Biomarkers p-sitosterol; B-sitosterol B-sitosterol Cholesterol;
Dehydroabietic acid Dehydroabietic acid
Identification .
g:‘il: fszgeg:/;tsgt) High Fat Content Very High Fat Large Herbivore
ith trace of animal Plant (Seeds/Nuts) Content Plant and Bone Marrow or
W . with trace of animal Animal Flesh with High Fat
products; conifer s .
products Combination Plant; conifer
products present
products present
Catalogue No. 361-003-2a 901-003-1a 901-003-2a 901-003-3a
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Table G-6. continued. Lipid Composition and Identification of Residues Analyzed in 2009.

Fattv acid IMQ 25 IMQ 27 IMQ 28 IMQ 29
atly act Area Rel% Area Rel% Area Rel% Area Rel%
C12:0
17766 0.96 3885 0.73 9176 1.01 8201 1.50
C14:0 28024 1.51 5847 1.10 24109 2.65 8574 1.57
C14:1 2072 0.11 0 0.00 0 0.00 2400 0.44
C15:0 11008 0.59 4061 0.77 12688 1.39 4989 0.92
C16:0 391090 21.05 105895 20.01 264515 29.07 122295 22.43
C16:1 23398 1.26 12792 2.42 4553 0.50 13353 2.45
C17:0 10448 0.56 0 0.00 32403 3.56 1857 0.34
C17:1 5051 0.27 3522 0.67 2757 0.30 3106 0.57
C18:0 543757 29.27 38412 7.26 307005 33.74 61268 11.24
C18:1s 769965 41.45 314896 59.49 238800 26.25 272047 49.90
C18:2 49264 2.65 39424 7.45 11442 1.26 39184 7.19
C18:3s 5759 0.31 598 0.11 0 0.00 1708 0.31
C20:0 0 0.00 0 0.00 0 0.00 0 0.00
C20:1 0 0.00 0 0.00 2438 0.27 6211 1.14
C24:0 0 0.00 0 0.00 0 0.00 0 0.00
C24:1 0 0.00 0 0.00 0 0.00 0 0.00
Total 1857602 100.00 529332 100.00 909886 100.00 545193 [ 100.00
Triacyl- . -
glycerols Present None Detected Highly Significant Trace
Lipid
. None Detected None Detected Cholesterol .
Biomarkers B-sitosterol
Identification . .
Large Herblvor.e . Very High Fat Large Herblvor.e . Borderline High
Fatty Meat or with Fatty Meat or with .
. Content Plant . and Very High Fat
High Fat Content Moderate-High Fat
Plants (Seeds/Nuts) Content Plants Content Plant
(Seeds/Nuts)
Catalogue No.
712-010-1a, metate 1234-003-2a 1181-003-1a 1181-003-2a

820

Technical Report No. 150832

QTRC




Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas
Bureau of Land Management

Table G-6. continued. Lipid Composition and Identification of Residues Analyzed in 2009.

. IMQ 30 IMQ 31 IMQ 32 IMQ 33
Fatty acid Area Rel% Area Rel% Area Rel% Area Rel%
C12:0
8538 0.82 8950 2.40 3139 0.77 14073 0.17
C14:0 12841 1.24 8389 2.25 8468 2.09 212612 2.57
C14:1 2375 0.23 0 0.00 2612 0.64 0 0.00
C15:0 6919 0.67 3986 1.07 4073 1.00 90761 1.10
C16:0 152480 14.69 56519 15.14 81978 20.19 | 5576682 67.35
C16:1 26195 2.52 7353 1.97 0 0.00 0 0.00
C17:0 6204 0.60 252 0.07 0 0.00 179578 2.17
C17:1 5901 0.57 0 0.00 4081 1.01 12400 0.15
C18:0 96049 9.25 31883 8.54 81845 20.16 714497 8.63
C18:1s 601662 57.97 219447 58.80 192057 47.31 | 1415668 17.10
C18:2 107517 10.36 29633 7.94 24824 6.12 38462 0.46
C18:3s 2757 0.27 0 0.00 2866 0.71 0 0.00
C20:0 0 0.00 0 0.00 0 0.00 0 0.00
C20:1 5098 0.49 4436 1.19 0 0.00 25422 0.31
C24:0 0 0.00 0 0.00 0 0.00 0 0.00
C24:1 3357 0.32 2362 0.63 0 0.00 0 0.00
Total 1037893 100.00 373210 100.00 405943 100.00 || 8280155 | 100.00
Triacyl- Trace None Detected Trace
glycerols Present
Lipid Cholesterol;
Biomarkers |3-51tostf:r(?l; ) Dehydroabietic acid Dehydroabietic acid None Detected
Dehydroabietic acid
Identification Very High Fat High Fat Content Plant
Content Plant Very High Fat (Seeds/Nuts), with plant
(Seeds/Nuts) with Content Plant with elevated C18:0 Medium Fat
trace of animal (Seeds/Nuts); conifer levels or animal Content
products; conifer products present products; conifer (ambiguous)
products present products present
Catalogue No.
1181-003-3a 1192-003-1a 1192-003-2a 875-003-1a
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Table G-6. continued. Lipid Composition and Identification of Residues Analyzed in 2009.

Fat id IMQ 34 IMQ 35 IMQ 36 IMQ 37
atty aci Area Rel% Area Rel% Area Rel% Area Rel%
C12:0
12565 3.16 12657 2.14 2754 0.33 4469 0.56
C14:0 13060 3.28 16432 2.78 6654 0.81 12877 1.60
C14:1 0 0.00 0 0.00 0 0.00 0 0.00
C15:0 5634 1.41 8731 1.48 4461 0.54 6912 0.86
C16:0 101986 25.61 210243 35.62 172680 20.92 218769 27.18
C16:1 11041 2.77 3631 0.62 13120 1.59 10222 1.27
C17:0 4083 1.03 6016 1.02 2736 0.33 3692 0.46
C17:1 6447 1.62 13398 2.27 7207 0.87 9005 1.12
C18:0 44031 11.06 118449 20.07 139358 16.88 115783 14.39
C18:1s 178978 44.94 134426 22.77 370199 44.85 327705 40.72
C18:2 18952 4.76 21277 3.60 84734 10.26 51335 6.38
C18:3s 1479 0.37 9944 1.68 153 0.02 13512 1.68
C20:0 0 0.00 6487 1.10 5082 0.62 6945 0.86
C20:1 0 0.00 16163 2.74 14272 1.73 18008 2.24
C24:0 0 0.00 6030 1.02 0 0.00 0 0.00
C24:1 0 0.00 6391 1.08 2081 0.25 5593 0.69
Total 398256 100.00 590275 100.00 825491 100.00 804827 | 100.00
Triacyl- Trace/Present None Detected Significant
glycerols Present
Lipid Cholesterol; B-sitosterol;
Biomarkers Dehydroabietic acid Azelaic acid; Azelaic acid; Cholesterol; Azelaic
Dehydroabietic acid Dehydroabietic acid acid
Identification High Fat Content Medium Fat Content High Fat Content .
X Plants (Seeds/Nuts) High Fat Content
Plants (Seeds/Nuts); Plant and Animal .
. s . . and Animal Products; | Plants (Seeds/Nuts)
conifer products Combination; conifer i . .
resent products present conifer products with Animal
P present Products
Catalogue No.
875-003-2a 1129-003-1a 1129-003-2a 1070-003-1a
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Table G-6. continued. Lipid Composition and Identification of Residues Analyzed in 2009.

. IMQ 38 IMQ 39 IMQ 40
Fatty acid
Area Rel% Area Rel% Area Rel%
C12:0
7401 1.55 5174 0.40 5513 0.57
C14:0 9732 2.04 19177 1.49 17806 1.83
Cl14:1 0 0.00 4194 0.32 3075 0.32
C15:0 5321 1.12 6830 0.53 8458 0.87
C16:0 138044 29.00 392378 30.40 304902 31.36
C16:1 8717 1.83 7138 0.55 18159 1.87
C17:0 4480 0.94 9072 0.70 5429 0.56
C17:1 7331 1.54 6892 0.53 6542 0.67
C18:0 81186 17.06 439263 34.03 109482 11.26
C18:1s 167187 35.13 345975 26.80 422813 43.49
C18:2 27527 5.78 46306 3.59 68023 7.00
C18:3s 3303 0.69 0 0.00 1953 0.20
C20:0 5641 1.19 0 0.00 0 0.00
C20:1 10087 2.12 4653 0.36 0 0.00
C24:0 0 0.00 331 0.03 0 0.00
C24:1 0 0.00 3343 0.26 0 0.00
Total 475957 100.00 1290726 100.00 972155 100.00
Triacyl- Trace Trace Present
glycerols
Lipid Azelaic acid; C o B-sitosterol;
Biomarkers Dehydroabietic acid Dehydroabietic acid Dehydroabietic acid
Identification Moderate-High Fat Large Herblvort.e . High Fat Content
Fatty Meat or with
Content Plant Moderate-Hieh Fat Plant (Seeds/Nuts);
(Seeds); conifer gh conifer products
Content Plant; conifer
products present products present present
Catalogue No.
1070-003-2a 514-010-1, metate 1129-010, metate
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Table G-6. continued. Lipid Composition and Identification of Residues Analyzed in 2009.

IMQ 41 IMQ 42
Fatty acid
Area Rel% Area Rel%
C12:0
6309 0.53 4595 0.81
C14:0 21174 1.77 9929 1.75
C14:1 0 0.00 0 0.00
C15:0 9023 0.76 4593 0.81
C16:0 371175 31.10 126891 22.41
C16:1 17490 1.47 13501 2.38
C17:0 9137 0.77 3346 0.59
C17:1 0 0.00 5236 0.92
C18:0 274655 23.01 117850 20.81
C18:1s 425628 35.66 238508 42.12
C18:2 28167 2.36 23972 423
C18:3s 3019 0.25 0 0.00
C20:0 8574 0.72 5138 0.91
C20:1 10077 0.84 10444 1.84
C24:0 6412 0.54 0 0.00
C24:1 2688 0.23 2192 0.39
Total 1193528 100.00 566195 100.00
Triacyl-
glycerols Significant Trace
Lipid
Biomarkers None Detected None Detected
Moderate-High Fat High Fat Content
. . . Plant (Seeds/Nuts),
Identification Content, animal or . .
ossible animal and with plant with
P s . elevated C18:0 levels
plant combination .
or animal products
Catalogue No.

1089-010, metate

406-3-1a
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Table G-7. Results from Residues with Low Levels of Fatty Acids.

Lab No. | Catalogue No. Biomarker Identification

OMQ 1 1348-003-1a Azplaic acid; Dehydroabietic Poss.ibly plant seeds or nuts;
acid Conifer products present
Cholesterol derivative; Animal products confirmed;

IMQ 6 464-003-2a Dehydroabietic acid; Possibly plant seeds or nuts;
Azelaic acid Conifer products present

IMQ 8 1341-003-1a Azelaic acid Possibly plant seeds or nuts
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Figure G-1. Chromatogram of Residue 8MQ4 using High Temperature Gas Chromatography.
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Table H-1. Stable Isotope Analyses on Bison Bone Elements by Time Period.

Ade Groups Submitted | Geochron 5"°N
C%talo Npo’ Bone Element Bone Wt. | Lab.No. | 8"C (%o) o)
g7o (9) CNR- ”
Protohistoric (<300 B.P.) (o)
41PT186 #260-002-1a long bone 10 115897 -8.4 5.9
41zT186 #261-002- |mmatur_e bison 8 115898 84 57
1b radius
41PT186 #261-002-2a proximal tibia 6 115899 '110666 ) 3.7
41PT186 #261-002-3a distal metacarpal 12 115900 -9.2 3.2
41PT245 #357-002-1b long bone 13 115901 -8.1 5.1
Average -8.8 4.72
Plains Village (500 - 800 B.P.) (e)
41PT185 #263-002-1a rib fragment 11 115902 -9.9 4.3
41PT186 #325-002-1a distal tibia 19 115903 -8.4 5.6
41PT186 #326-002-1a lone bone 9 115904 -8.6 3.1
41PT186 #343-002-2a mature rib head 23 115905 -9.5 3.6
41PT186 #345-002-1a skull fragment 25 115906 -10.3 3.2
Average -9.34 4.6
Palo Duro/Woodland (1200 - 1500 B.P.) (A)
41PT245 #353-002-1a rib fragment 13 115907 -8.2 6.7
41PT245 #353-002-2a | immature mandible 3 115908 -8.3 6.8
41PT245 #364-002-1a long bone 6 115909 -10.3 4.9
41PT245 #416-002-1c long bone 8 115910 -15.6* 6.5
41PT245 #417-002-1b long bone 17 115911 9.2 35
Average -8.95 5.84
Late Archaic (2200 - 2750 B.P.) (m)
ATPTIBS/A #157-002- distal tibia 7 115912 9.2 35
41PT1 854%33,&21 0-002- metacarpal 9 115913 -10.7 49
ATPTISHIC #221-002 1 distal metapodal 10 115914 938 5.0
ATPTASHIC 1#236-002- radius 20 115915 | -9.3 6.9
ATPTISHIC #261-002 1 immature radius 12 115916 9.1 76"
Average -9.62 5.07
* questionable value from lab and value dropped from average.
** bone was also radiocarbon dated
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.1 INTRODUCTION

A petrographic analysis was performed on the
aboriginal ceramics from three sites in Potter
County, the Texas Panhandle (41PT185,
41PT186 and 41PT245). The principal work
of the analysis was performed in April and
May 2008, with follow-on work performed in
February 2009. The work had three branches:
(1) thin-section analysis of ceramic sherds, (2)
thin-section analysis of sediment samples, and
(3) wet mount analysis of sherd fragments too
small to be made into thin-sections. The
ceramic thin-section analysis was conducted
on six sections prepared from the pottery.
Three small sherd fragments were studied by
wet mount analysis. The first point of interest
in the ceramics lay in their typological
variance from Borger Cordmarked pottery, the
Woodland-based pottery that dominates
Panhandle Antelope Creek focus assemblages.
The ceramics were all very small sherds, and
beyond their distinction from Borger
Cordmarked little typological information is
known about them. Further, the block
excavation at site 41PT186 dates to the
Protohistoric period (ca. 200 to 300 B.P.), thus
the artifacts from this block may belong to the
Tierra Blanca complex. As well, the thin-
sectioned sherd from the site, #343-008-1b,
had a corrugated exterior, giving it a very
strong likelihood of being imported from the
Southwest, either by trade or direct transport.
One wet mount analysis sherd fragment, #443-
008-1, also came from the site. Although very
small, it lacked evidence of the corrugated
surface treatment.

Eleven sediment samples formed into thin-
sections were studied for comparisons with the
ceramic sections. The sediment samples came
from sites 41PT185 and 41PT186 in Potter
County and from seven other collection
localities spread throughout the Texas
Panhandle region.

1.1.1 RESEARCH QUESTIONS

The first major research question is, if the
pottery is other than Borger Cordmarked, what
then are its typological affinities? A second
related question is, is this an aberrant type or
types locally manufactured or transported into
the sites? And, if the ceramics were
transported, do they also offer clues to the
mechanism of transport, such as trade? Also,
could these ceramics hail regionally from a
mobile hunter-gatherer culture rather than from
the village farming societies that produced
Borger Cordmarked pottery? Lastly, is the
typologically Southwestern corrugated sherd
from 41PT186 distinct from the other analyzed
sherds and samples in its paste and other
physical traits?

1.2 PASTE GROUPS

The best way to examine or address the
research questions is first to determine through
petrographic analysis the ceramic composition
of the sections and then to define groupings of
the ceramics according to similarities of paste
materials and structures. These paste groups
can be compared to paste groups in published
ceramic petrographic studies.

1.1.3 SEDIMENT SAMPLES

The study of nonceramic sediments in thin-
sections can give direct optical identification
of minerals and other particles that may have
been used as resources in the ceramic pastes.
Such identifications may give fairly close
identifications of the locales of manufacture of
the ceramics, thus information on the principal
research questions. The eleven sediment
samples were a combination of soil samples
collected from trenches and clay samples from
clay deposits and stream sediments.

1.1.4 WET MOUNT ANALYSIS OF SHERD
FRAGMENTS

Wet mount analysis allows stereoscopic
microscope examination of ceramic sherd
fragments too small to be formed into thin-
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sections. Three sherds from two sites
presented this dilemma to the analysis. The
sherds came from 41PT185 (#850-008-1 and
#915-008-1) and 41PT186 (#443-008-1). The
goal of the wet mount analysis was to gain
paste temper identifications that would allow
comparisons to the paste groups defined by the
thin-section analysis. Paste texture, sherd
thickness, exterior surface finish, paste color,
and interior and exterior colors were recorded
also to gain additional comparative and
descriptive data on the sherd fragments.

.2 METHODOLOGY

.21 PETROGRAPHIC THIN-SECTION
ANALYSIS

.2.1.1  Microscopy and Point
Counting

The principal method of the analysis was
identification and point-counting of minerals
and ceramic structures following the method of
Chayes (1949) and the approach to
petrographic analysis pioneered in archeology
by Shepard (1942, 1954). The thin-sections
were prepared by National Petrographic
Service, Inc. in Houston. The microscopic
analysis was performed at the Texas
Archeological Research Laboratory,
microscopy lab, on an Olympus stereographic
microscope.

Point counting is a standard procedure that
offers replicable results; it amounts to counting
a set number (200 in this case) of ceramic
attributes observed in the viewing field during
systematic microscopic traverses of each thin-
section. Counting the same number of ceramic
attributes in each thin-section allows reliable
statistical comparisons. As a practical matter,
however, some of the ceramics failed to offer
sufficient area in the section to achieve the 200
count. In no case did the total count fall below
100. Proportional comparisons of the section
materials remain valid at this level. If counts
had fallen below 100, the section would have

been removed from the analysis. Counted
attributes included the ceramic fabric “matrix”,
pore space, and discrete inclusions such as
crushed minerals and sand. Additional
information such as grain size and shape was
recorded on the counting sheet for potential
future reference. The color and isotropy of the
ceramic matrix was determined and recorded.
Any mineral species that was observed in the
viewing field but did not fall into the count
was recorded as “tr” for trace, so as not to lose
information on rare but potentially significant
bodies.

1.2.2 SEDIMENT SAMPLE ANALYSIS

The eleven sediment samples were analyzed
more qualitatively.  As their unconsolidated
material was mixed and stirred into setting
resin, the validity of a point count was thought
potentially to be compromised. Instead, a
particle density measurement of each section
was made by comparison with visual
percentage estimation charts developed and
published by Folk (1951) and Terry and
Chilingar (1955). As with the ceramic
sections, matrix color and isotropy were
recorded as well as mineral particle sizes and
shapes.

1.2.3 WET MOUNT ANALYSIS

Also known as watch-glass analysis, a wet
mount analysis submerges in water material
crushed or broken from a specimen. A watch
glass or microscope slide contains the wet
mixture for convenient microscopy. One of
the specimens, 41PT186 #443-008-1, was
designated  for  Instrumental = Neutron
Activation Analysis (INAA), and so was
manipulated only by cleaned steel instruments
and mounted using distilled water on a sterile
microscope slide. After analysis, the mount
and sherd dried under a covering of cellophane
in order to avoid dust contamination. After
drying, the crushed material and remnant sherd
were sealed in a container. The wet mount
analysis was performed with a Nikon
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stereoscopic microscope in the TRC laboratory
in Austin.

.2.4 OBSERVATIONAL CONVENTIONS

Rock fragments were common components of
the sections. The rock minerals commonly
comprise granite (quartz, feldspars and biotite),
but as rocks are commonly determined on
textural relations, the rocks were designated
Rock A and Rock B, their petrology termed
granitic. The rock fragments in the sections
are reduced in size as part of the ceramic
manufacturing process, so it was thought better
to avoid unsupportable assumptions about
petrogenesis.

Another convention was the variable treatment
of biotite. This was so as the mineral occurred
in the sections in two forms; the first very fine
to medium lathes and strips of the mineral; and
the second medium to coarse masses of
mineral, frequently integrated into rock
fragments. It is likely that these two forms of
the same mineral had different origins in the
material, one in the original clay and the other
in the crushed rock temper. It is more
informative therefore to track these bodies
separately through the collection although they
are the same mineral.

.3 OBSERVATIONS AND FINDINGS

1.3.1 THIN-SECTION ANALYSIS

The point-count analysis of the six ceramic
thin-sections showed them all to have clay
pastes with volcanic-derived inclusions and
crushed granitic rock tempering agents. The
results are reported in Table I-1. The matrixes
of all the sherds were isotropic; therefore that
variable was left off the table. The
implications of isotropic matrixes are that the
ceramics were formed in low earthenware
firings with heating insufficient to reform the
clay minerals into more homogeneous
structures that pattern the behavior of light

transmitted through them, or in other words, to
render them anisotropic.

Within this overall suite of ceramic materials,
three paste groups can be discerned. The
groups are classified on the basis of significant
material variations, and are described below.

1.3.2 PASTE GROUP CLASSIFICATION AND
DESCRIPTIONS

Paste Group 1

Thin-sections:

41PT245 #340-008-2, thin, gray plain exterior
41PT245 #340-008-3, thin, gray plain exterior

41PT245 #341-008-1b, thin, gray plain
exterior

The matrix is dark and of moderate density,
containing pore spaces in jagged strips (Figure
I-1). The tempering agent is Rock A, a
crushed granitic rock formed of quartz,
microcline feldspar and biotite. Fine-sized
subrounded and subangular quartz grains and
fine-sized lathes of biotite may have been
resident in the original clay material.
Orthoclase  feldspar and pyroxene are
incidental members of the group.

Paste Group 2
Thin-sections:

41PT245 #378-008-1, thin, dark gray to black
exterior

41PT245 #401-008-1e, polished red plain
exterior

The group has a moderately dense, dark matrix
with jagged pore strips (Figures 1-2 and I-4).
Crushed granitic rock tempered the clay paste
and contributed additional grains of quartz,
feldspar and biotite to the mass. The group
distinguishes itself from Paste Group 1 in
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having ferric hematite particles in the matrix.
These may have been clay residents; their
presence may mark the use of a clay source
different from that of Paste Group 1. Similar
proportions of all the group’s minerals indicate
that the two sections may have come from the
same ceramic vessel.

Paste Group 3
Thin-section:

41PT186 #343-008-1b, dark grayish to brown
corrugated exterior

The group claims a single section. The
ceramic material showed enough differences in
its composition to give it distinction from the
other two groups (Figure 1-3). The section
shows a moderately dense reddish-black
matrix interrupted by jagged pore strips. Its
primary distinction is its tempering with a
crushed rock (Rock B) of quartz and biotite
masses. The rock seems aberrant in its lack of
feldspar, which is also lacking elsewhere in the
section. This situation appears to be a rarity,
as feldspar is nearly ubiquitous in the
collection and common but variable in its
distribution in the igneous rocks of the
Panhandle and other regions.

1.3.3 SEDIMENT SAMPLE SECTIONS

Eleven samples of sediments were studied in
thin-section as the second branch of the study.
The samples were of soils and clays
consolidated with setting resin and ground to
produce thin-sections. The samples came from
three sites on the BLM Landis Property, three
additional locales in Potter County, and one
sample each from Briscoe, Roberts, Donley,
and Hall counties. The results are reported in
Table I-2.

The BLM Landis Property trench samples
have high particle densities, and the particles
are mostly quartz. Two samples with clay-
resident Dbiotite lathes have fairly strong
similarities with the study sections, in

particular the sample from 41PT186 and Paste
Group 3. The remaining samples show only
general resemblances to the ceramic matrixes
from the same sites; of course, these
resemblances would heighten with the addition
of granitic rock tempering in the preparation of
materials for a ceramic matrix. The Potter
County clay (#20-004-1b) sample from Blue
Creek north of Lake Meredith is highly
distinctive in having lighter color, very low
particle density and ferrous iron (hematite)
particles. The sample is also anisotropic,
perhaps signaling that it is a nearly unitary clay
mineral apart from its resident particles.

The samples from the other counties comprise
what may be thought of as a typical collection
of natural clay sediments that may have been
available to ancient potters. Three of the four
samples have significant amounts of biotite
lathes and masses, and two contain particles of
hematite. The Roberts County Ogallala clay
sample, #MQ-GC-RB, in particular, appears
very similar to the ceramic matrixes in the
BLM Landis Property sherds. The sample
came from a locale in Government Canyon,
more than fifty km from Potter County.

1.3.4 WET MOUNT ANALYSIS

Wet mount analysis is the third branch of this
study. Table I-3 presents the results of this
branch of the work. Additional aspects of the
paste particles are discussed in the text.
Descriptive colors are the correlates of the
Munsell® readings.

41PT186 #443-008-1. Quartz dominates the
paste and clearly comprises the tempering
agent of the ceramic (Figure 1-6). The mineral
entered the paste in coarse and medium sizes
and subangular shapes. Comparative
examination of the natural gray sandstone from
West Amarillo Creek valley floor showed it to
have fine and very fine quartz sand particles in
subrounded and rounded shapes; therefore it
was not a contributor to the paste. The
ceramic quartz was likely crushed and ground
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from selected mineral and rock sources and
added to the raw ceramic clay. The sherd has a
minor fraction of very fine biotite particles
distributed through the paste. The biotite
appears as small black specks. The sherd is
designated for INAA study.

The ceramic specimen is strikingly similar to
Paste Group 3, which was defined on a single
sherd from the same site, 41PT186. The wet
mount specimen lacks Rock B, composed of
quartz and biotite. It is thought that Rock B
would be hard to distinguish from the rough
paste texture or would be misidentified as
quartz. Again, the lack of feldspar is signal in
this paste group, in a region where feldspar is
common but variable in its distribution.

41PT185/C #850-008-1. The tempering agent
is medium to fine sized quartz, and a
secondary particle is fine sized, opaque white
feldspar (Figure 1-7). A few of the feldspar
particles are medium, but all are subrounded in
shape. The sherd has a finely striated interior
surface. The paste is of a dense texture, as
would be expected in a matrix having
relatively few tempering particles.

41PT185/C #915-008-1. The tempering agent
is coarse to medium feldspar in small
quantities (Figure 1-8). Quartz was observed
in lesser amounts. Particle C is carbonate
strands, probable caliche, which may have
formed post-depositionally along the joint
planes of the platy layers of the paste matrix.
The platy layers are pronounced, and the white
strands of carbonate accentuate them. Particles
of temper interrupt the plates and their lines,
suggesting that the plate like layers formed
during firing. This platy matrix structure is
uncommon among earthenware ceramics and
currently lacks a satisfying technical
explanation.

Both of the sherd fragments from 41PT185/C
fail to fall easily into any defined paste group
as they are tempered with quartz and feldspar
in varying proportions. Their pastes would

compare potentially with several regional
pastes, but they lack any distinctive marker
such as hematite or biotite that would permit a
more affirmative attribution.

.4 COMPARISONS AND
DISCUSSION

The ceramic pastes and their crushed rock
tempering materials, of a generally igneous
stamp, may have connections with similarly
formed clay bodies in the region and outside of
it. Previous petrographic studies, summarized
below, show that crushed volcanic rock-
tempered pastes are fairly common in the
Panhandle. This technology is commonly
accepted as having been centered in the
Southwestern region, but does not imply that
any particular group of vessels or wares were
manufactured in the Southwest.  Regional
comparisons may help relate the Landis
Property ceramics to points of origin and show
local affinities by their contrasts and
dissimilarities. In the Panhandle itself, Reese
Taylor (1991) studied a collection from the
Palo Duro Creek in Hansford County in the
very northern reaches of the Texas Panhandle.
Lintz and Reese-Taylor (1997) also conducted
a large petrographic study on a set of decorated
ceramic types and extended their work to make
wide extraregional comparisons (Nebraska).
Outlying regions with available comparable
ceramic studies lay southward (Turpin and
Robinson 1998), just east of Lubbock below
the caprock (Robinson 1992, 1994), far
southeastward on the Edwards Plateau
(Robinson 2008), and westward in eastern and
northeastern New Mexico (Garrett 1988a,
1988Db).

Reese-Taylor (1991:Appendix H) conducted
petrological analysis on six Panhandle
specimens from sites in the Palo Duro
Reservoir in Hansford County. She defined
four paste groups in the collection, which
included Borger Cordmarked and plainwares.
The paste groups included one bone-tempered
paste group, two sand-tempered, and one sand
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and basalt-tempered paste group (Reese-Taylor
1991:H-9 to H-11). The two sand-tempered
pastes had dense matrixes, quartz, feldspar and
carbonates (dolomite), and particle shapes
varied from subrounded to angular. The pastes
contained a small amount of hematite, but
were entirely lacking in biotite. Although the
paste groups contained varying amounts of
feldspar, the groups altogether bear little
resemblance to the Potter County paste groups.

Interestingly, Reese-Taylor (1991:H-2)
conducted petrological analysis of two surface
sediment samples collected from two nearby
localities. The aplastic inclusions ranged in
size from fine sand to coarse sand and were
rounded to subrounded in shape. The principal
mineral component was quartz sand, from 78
per cent to 86 per cent of the totals. The
samples also contained minor amounts of
feldspar, carbonate (calcite), clinopyroxene
and a trace of woody organic matter (Reese-
Taylor 1991:H-2). These sediments are very
dissimilar to the Potter County specimens.

Lintz and Reese-Taylor (1997) conducted a
largely petrographic study of decorated
ceramics from Plain village sites along the
Canadian River drainage in Potter and
Hutchinson counties and northward to Plains
village sites along Wolf Creek, a tributary of
the North Canadian River in Ochiltree County.
They made comparisons with ceramics from
Nebraska, well outside the region. The
relevant findings are that ceramic sources with
naturally resident biotite, quartz, alkali
feldspars and occasionally occurring pyroxene,
hematite, carbonates and volcanic rock
fragments are widespread through the region.
Ceramic pastes made with these materials and
the addition of crushed granitic rock temper
are similarly common (Lintz and Reese-Taylor
1997:288-295; Table 3). The BLM Landis
Property ceramic pastes compare closely with
these ceramics, although they are typologically
distinct.

Turpin and Robinson (1998) analyzed a thin-
section of one plainware sherd recovered from
the Floydada Country Club (41FL1) in Floyd
County, as part of a larger study. The sherd
was strongly bone-tempered, which gave it
affinities with Late Prehistoric plainwares of
central Texas and the Edwards Plateau (Turpin
and Robinson 1998:94).

Southward, and southeast of Lubbock below
the caprock (but along streams draining it), at
Lake Alan Henry in Garza and Kent counties,
twelve specimens of non-local plainwares were
studied in thin-section by Robinson (1992:221-
227). As in Potter County, many of the
plainwares have dense matrixes reflected in
high point-count proportions and crushed
minerals and rock fragments. Typological
identifications were made in that collection
and the closest comparisons of the BLM
Landis Property sherds from Potter County
with the Lake Alan Henry materials are with
five sherds of Middle Pecos Micaceous
brownware and one section of Jornado Brown.
The regional origins of these wares are the
Middle Pecos River region and southern New
Mexico/Trans Pecos Texas, respectively. The
comparative elements are higher proportions of
biotite and iron in addition to crushed mineral
temper and dense matrix. These comparisons
are closest with the BLM Landis Property
Paste Group 2. The Middle Pecos region is
directly west of the Lake Alan Henry region
across the major physiographic divide formed
by the Southern High Plains, or Llano
Estacado.

An additional five thin-sections were analyzed
from a single site in the Lake Alan Henry
region (Robinson 1994:355-361). The site is
41GR291, the Sam Wahl site and represents a
late variant of the Palo Duro complex. Two
paste groups were identified, both having
crushed mineral tempers and dense matrixes.
Group 1 contained much crushed granitic rock
as tempering material. Group 2 was comprised
of two thin-sections, one of which had biotite
but no iron, the other having iron but no

842

Technical Report No. 150832 fC TRC



Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

biotite. The ceramics of the Sam Wahl site
altogether were grouped typologically as
belonging to a Southwestern crushed mineral
ceramic tradition without finer typological
breakdown (Robinson 1994: 360).

In his study of Edwards Plateau aboriginal
ceramics, Robinson (2008) identified two
minor paste groups with crushed granitic rock
tempering and additional feldspars and
hematite. One of the paste groups belonged
entirely to the Historic period (Mission San
Lorenzo, some occupants were Apaches), and
the other paste group was defined on a single
sherd from the Varga site, 41ED2S8, in
Edwards County on the southern margin of the
Edwards Plateau just north of Uvalde Texas.
This specimen, however, bears a close
resemblance to Paste Group 2.

Garrett (1988a: Appendix H) conducted
petrological analysis on nine potsherds from
the Melrose Air Force Base, west of Portales in
east-central New Mexico.  Three of the
examined sections were brownwares, all of
which were tempered with crushed volcanic
rocks. Two of these also contained hematite
and magnetite. =~ One held biotite. ~ The
minerals’ proportions were not broken down
individually in the thin-sections.

Garrett (1988b: Appendix G) also analyzed
thin-sections from ceramics recovered from the
Conchas Lake Reservoir in northeast New
Mexico. The latter reservoir is in the Canadian
River drainage upstream, and due west of
Potter County and the Landis Property. Six of
the seven examined sherds were tempered with
quartz mica schist, a metamorphic rock. The
remaining specimen was a sherd of Chupadero
Black-on-White tempered with a basaltic rock.
Garrett (1988b:G-4, G-5) argued that all these
sherds were non-local; metamorphic rocks
outcrop in the Sangre de Cristo Mountains
farther west from the Conchas Reservoir
region. Basaltic rocks outcrop no closer than
30 kilometers from the locality. The local
rocks are shales and sandstones. The Conchas

Reservoir assemblage is distinct from the
Potter County BLM Landis Property study
sherds.

.41 THE PRESENCE AND ABSENCE OF
FELDSPAR IN PANHANDLE CERAMIC
PASTES

Feldspar is a common constituent of igneous
rocks, the sediments eroded from them, and the
metamorphic rocks formed from them (Figure
I-1). Feldspars have various sources in the
Panhandle and its ceramics, yet this study has
shown that they are not ubiquitous. They are
present in most paste groups but entirely
lacking in others. Paste Group 3 is one such
feldspar-deficient paste. Other paste groups
lack feldspar, and its absence from them may
indicate source connections.

Paste Group 3 is defined on one corrugated
sherd thin-section from 41PT186, and the
sherd may have a Late Prehistoric association.
In the natural sediment samples, five have no
feldspar; these are 41PT185 #18-004-1b,
41PT186 #341-004-1d (same site), #20-004-
1b, #13-004-1b, and #MQ-ML-B1. All these
samples contain quartz, and all but #MQ-ML-
B1 and #20-004-1b show small quantities of
biotite. Here is a minimal level of distinction
for pottery resource clays and paste groups.
Simple logic would suggest that Paste Group 3
was manufactured on the site.

Farther a field, Reese-Taylor and Lintz
(1997:293-294) studied three sherds without
feldspars, one (#542) from the Roper site
(41HC6) in the North Canadian River Basin,
and two (#188 and #064)from the Kit Courson
site (410C43) in the Wolf Creek valley that
drains into the North Canadian of the
northeastern Panhandle. The Roper site sherd
has quartz and abundant granite in place of
feldspar, and the Kit Courson feldspar-free
sherds both contain quartz and abundant mica
(probably  muscovite), carbonates, and
generally lighter colored pastes. These are
examples of feldspar-free paste groups that
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have regional distinctiveness. As described
above, the Palo Duro Reservoir paste groups
all show varying amounts of feldspars, and
otherwise contrast with the Landis Property
sites paste groups and those mentioned (Reese-
Taylor 1991).

.5 SUMMARY AND IMPLICATIONS

Four general research questions were outlined
at the beginning of this study:

1. What are the typological affinities of the
ceramics?

2. Were the ceramics locally manufactured or
transported to the sites?

2a. If transported, can a transport mechanism
such as trade be identified or suggested?

3. Could the ceramics be produced by a
hunter-gatherer society distinct from the
village farming society that produced Borger
Cordmarked ceramics?

4. Is the Southwestern corrugated sherd
distinct from the local ceramics and clay
resources?

The six ceramic thin-sections, eleven sediment
sections, and three wet mount analysis sherd
fragments were studied to answer these
questions, and the results apply to all the
questions in varying degrees of confidence and
accuracy.

Regarding the first question, typological
affinities, and the study collection belongs to
the crushed mineral tempering tradition of
aboriginal ceramics. This is a very general
result, but it is an interesting finding in that it
gives the ware or wares of the Landis Property
ceramics affinities with the Southwestern
pottery making tradition rather than the grog,
shell, and bone-tempered Woodland (Eastern)
tradition. This is an important distinction in
the Panhandle region as the cordmarked wares

and types of the Antelope Creek village
farming culture are commonly accepted as
having Woodland origins ultimately. Despite
this, the decorated wares in the Texas
Panhandle were also commonly tempered with
crushed minerals (Lintz and Reese-Taylor
1997). To be more specific regarding the
Landis plainwares, they have significant biotite
paste components, an important trait shared
with Middle Pecos micaceous brownwares
(Jelinek 1967), but the common occurrence of
biotite and other micas in the clays and rocks
of the Texas Panhandle region prevents
separating the ceramics of the two regions
typologically.

On the question of local manufacture or
transport, Paste Group 1 and Paste Group 3
could have been manufactured from various
clay resources within Potter County, based on
the broad similarities with the studied sediment
samples. In fact, Paste Group 3 is closely
similar to a sediment sample from the same
site, 41PT186, but this fact presents problems
to interpretation because it is defined on a
typologically Southwestern corrugated sherd.
The problem will receive further consideration
below. At this point, it is important to note
that any clay source in the county likely would
lie within a one-day round trip for an
aboriginal potter living and working in a site
within the geographic boundaries of what is
now Potter County. Complicating this picture,
however, is Paste Group 2 and its significant
proportions of hematite. Within the county,
only studied sediment sample #20-004-1b, the
very interesting clay from Blue Creek, contains
hematite, and that is in a trace amount
insufficient to serve as one of the clay
residents in the Landis Property Paste Group 2
sherds. A fair conclusion is that the Paste
Group 2 clays were non-local, perhaps outside
a one-day round trip distance.

On the topic of Question 2a, mechanisms of
transport, the evidence from the thin-sections
can provide only vague indications. Paste
Group 1, since its clays were effectively local,
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may have been manufactured on or near the
sites. Paste Group 2 may have been
manufactured elsewhere and the finished pot
transported to 41PT245. Beyond this, a
mechanism of transport cannot be surmised at
this time.

Perhaps a more interesting question at this
juncture is why a local and a nonlocal paste
group exist at the same site. This situation
may be the evidence for ceramic trade in the
aboriginal economies of the Potter County
prehistoric people. The evidence shows that
pottery was not kept on sites for utilitarian
purposes only, but that it circulated among
sites. This basic circumstance finds support in
other modes of archeological analysis. Initial
findings of INAA of Borger Cordmarked
pottery in the Canadian River valley and
neighboring regions have given an emerging
picture of local manufacturing zones and
vessel transport during the Antelope Creek
phase (Meier 2007). Meier’s results in the
bivariate plots of the principal components
suggest manufacturing sites centered on the
hamlets and manufacturing zones shared
among hamlets in the Canadian drainage
(Meier 2007:58-59). She attributed these
findings to local exchange of ceramics and
potential sharing of clay source beds (Meier
2007:59, 62-63). Returning to petrographic
methods, Lintz and Reese-Taylor (1997:288-
295) defined resource subgroups, equivalent to
this study’s paste groups. Of the eight defined
subgroups, six contained sherds from two or
more sites, and all of the subject Antelope
Creek hamlets had pots of more than one
subgroup.  Clearly, pot sharing had an
economic basis in the Texas Panhandle region,
either in commodities transported in ceramic
vessels or in the vessels themselves.

The evidence from this study cannot support
the hypothesis (Question 3) that the apparently
plainware ceramics in the region may have
been produced by a mobile hunting and
gathering society, as in the Late Prehistoric
period of central Texas. The patterns in this

study’s data on paste groups and implied
manufacturing and transport models compare
favorably with those being developed on the
decorated ceramics of the village farming
Antelope Creek phase. Research design would
anticipate variant patterns of hunter-gatherer
ceramics along the dimensions of technology,
distribution, form, decoration, materials and
perhaps others. No such variant, or
contrastive, patterns have been observed at this
incipient stage of the work.

On the question of the distinction of the
Southwestern corrugated sherd, #343-008-1b,
there are more questions than answers. The
sherd displays its own paste group, distinct
from the other two defined in this study. This
fact by itself would suggest an extraregional
source, but the paste group, Group 3, is similar
in composition to the sediment sample from
the same site, 41PT186. The difference
between the two is largely the presence in the
sherd of Rock B, of a size and quantity in the
paste to be one of the tempering agents of the
ceramic; Rock B is lacking in the sediment
sample.  Further, the wet mount ceramic
fragment, #443-008-1, resembles Paste Group
3 although Rock B was not identified in it.
This lack, of course, gives it a fairly close
correspondence to the on-site sediment sample.
Thus all three items appear outwardly to
originate on the site. Corrugated pottery is rare
in the Texas Panhandle; all of it is identified as
Southwestern imported ceramic. In the
Southwest, however, corrugated wares
technologically and typologically comprise a
longstanding and  widespread tradition.
Explanations for this contradictory situation
are more suggestive than certain at this time.
There are four possibilities that may apply:

1. The sherd is clearly Southwestern in origin,
and Rock B is the only necessary determinant
of nonlocal status. Rock B is absent from the
sediment sample and unidentified in the wet
mount sample; this is the sole significant
difference, and it is a world of difference.
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2. Ethnohistorically, Apache groups in
northern New Mexico procured ceramic clay
from a source eighteen miles southeast of
Taos. The locality was a sacred site, but open
to all to gain their needed raw material (Opler
1971). As an outside possibility, the sherds
#343-008-1b and #443-008-1 were
manufactured each from the same New
Mexican source (either the one cited or
perhaps others) and then deposited in the same
site at different times. The probability of this
being the case increases the longer the period
of time the source locality was used by many
groups. Further, if the production from the
clay resource locality moved over the same
transport routes, eventually some of the
ceramics would be deposited in the same sites
or locales of deposition. This could be a
marker of regular trading relations, but the
probability of this being the case in this
instance cannot currently be assessed, and it
does not account for similarities with the
sediment sample.  Other features of site
41PT186’s artifact assemblage and
physiographic setting may help assess this
model.

3. Again as an outside possibility, the sherds
#343-008-1b and #443-008-1, the only ceramic
pieces from a small site, may originate in the
same vessel. Sherd fragment #443-008-1 has a
smooth exterior, but most if not all corrugated
types have smooth surfaces on their vessels,
especially toward their bases, and is not fully
corrugated as a surface modification.

4. It may also be the case here that
petrological and mineralogical analyses cannot
approach the level of discernment needed to
decide the issues of locality and transport. The
sediment sample is defined on common
minerals (quartz and biotite), and the other
bodies in it, calcitic lithoclasts and organic
opaques, are also common in soils. This
common composition may or may not provide
any distinctive keys for interpretation. Further
still, the data set here is comprised of one
ceramic thin-section, one wet mount sherd, and

one sediment sample. Accurate and robust
characterizations require multiple examples to
form statistically representative data sets
available for balanced comparisons. The lack
of such is a critique leveled at other regional
studies, described below, and the critique is
one to which Question 4 is subject here. The
best common sense assessment available now
is that the implications of typology are to be
preferred to  the  imponderables  of
technology/petrology, and that the corrugated
sherd in question was imported from New
Mexico. The elemental analysis technique of
INAA (Instrumental Neutron Activation
Analysis) may sidestep the limitations of the
current analysis. The technique is capable of
discerning varying key elements in samples
that have the same or similar mineral suites
(Bennyhoff and Heizer 1965). The sherd
fragment #443-008-1 is designated for INAA.
A finding that the sample hails from nonlocal
source beds would provide satisfying
explanations.

.51 PROTOHISTORIC IMPLICATIONS

The current radiocarbon dating of charcoal and
bone to ca. 200 to 300 B.P. associated with
plain sherd 41PT186 #443-008-1 places it
within the Protohistoric period, and this
location is on the northern margin of the Tierra
Blanca complex, implicitly the manifestation
of a late bison-hunting culture. The ceramics
of the Tierra Blanca complex have figured
prominently in current interpretations of
Plains/Southwestern ~U.S. economic and
sociopolitical interactions (Habicht-Mauche
1987, 1991, 1992). The two sherds from
41PT186  #343-008-1 and  #443-008-1,
compare to Tierra Blanca ceramics, but note
that #343-008-1 is Southwestern. = More
specific aspects of the ceramics place them at
variance with the characterizations published
on highly selected data sets. The single
dimension of color suffices as one example of
several. Habicht-Mauche (1991:62) reports a
range of paste colors of Tierra Blanca
ceramics: black, very dark gray, dark gray,
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gray, gray-brown, brown and miscellaneous.
By contrast, the paste color of sherd 41PT186
#443-008-1 is pinkish gray, 7.5YR6/2.
Habicht-Mauche (1991) doesn’t report the
application of the Munsell® color system or
any other published scale. Perhaps the most
significant implication of this study is that
there is more variation in the region in
Protohistoric times than thought hitherto, and
that patterns within this variety can be assessed
with formalized (statistical) comparisons of
balanced data sets. The most parsimonious
interpretation from this small study with a
comparative survey of regional studies is that
crushed mineral pastes were applied to local
and regional ceramics in Antelope Creek
times, and they persisted into Protohistoric
times as a ceramic legacy. The degree and
nature of Southwestern influence on the
ceramic technology cannot be determined
affirmatively at this time with this information.

1.6 CONCLUSION

The findings of this study support models of
local manufacture, regional trade and transport,
and sharing of resource localities.  The
potential of interregional trade with the Middle
Pecos region in Antelope Creek times cannot
be assessed currently due to the obscuring
effects of similar minerals occurring in the
clays and rocks of both regions, these being
abundant micas. Complex ceramic models
regarding  Protohistoric  Plains/Southwest
interactions require comparisons of much
larger data sets. The development of
interpretive models will be helped by further
petrographic analysis of regional wares and
INAA as well, which is capable of identifying
varying elements in sherds when minerals are
the same in two or more groups (Bennyhoff
and Heizer 1965).
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Table I-1. BLM Landis Property Petrographic Analysis on Six Ceramic Sherds. Point Count
Data Percentages and Observations.

Paste
Paste Group 1 Paste Group 2 Group 3
41PT245- 41PT245- 41PT245- 41PT245- 41PT245- 41PT186-
Catalog No. #340-008-2 #340-008-3 | #341-008-1c | #378-008-1 #401-008- #343-008-
(point count) (103) (143) (134) (125) 1e (200) 1b (200)
brown to reddish-
reddish brown to reddish
black black gray
brown 2 dark grey black
transition 2.
matrix plain transition
reddish
black black black dark gra dark gra
matrix cross-n gray rkgray black
matrix percent 495 475 44.0 52.8 47.5 48.5
pore space 14.6 16.1 3.7 12.8 15.0 20.0
Quartz 24.3 224 29.1 21.6 25.0 225
Rock A 2.8 9.7 2.4 4.0
Rock B 4.5
microcline 3.9 35 3.0 1.6 15
feldspar
orthoclase
0.7
feldspar
biotite mass 3.0 35 5.2 4.8 35 2.0
biotite lathe 5.0 3.5 5.2 2.5
pyroxene t t
(ortho) ' '
hematite 4.0 3.5
100.3 100 99.9 100 100 100

Percent Total

Number in parentheses is point count

cross-n is cross-nichols

tr is trace

Rock A contains quartz, microcline feldspar and biotite masses

Rock B contains quartz and biotite (lacks feldspar).
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Bureau of Land Management

Figure I-1. Thin-Section 41PT245-#340-008-3.

(Note: Ceramic fabric is typical of Paste Group 1. A large feldspar grain lies in left center near the
section edge. Two large, subrounded grains of biotite (biotite masses) lie above and to the right of
the feldspar grain. Biotite lathes are thin, bright bodies elsewhere in the paste. Voids are medium
gray irregular and jagged strips oriented in parallel with the section edge.)

Figure I-2. Thin-Section 41PT245-#378-008-1.

(Note: Ceramic fabric is typical of Paste Group 2. Large angular grain of quartz dominates the
field. Fine, rounded, opaque grains of ferrous hematite lie on either side of the quartz grain.)
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Figure I-3. Thin-Section 41PT186-#343-008-1b.

(Note: Ceramic fabric is typical of Paste Group 3. Large subangular quartz grains lie near center
and extreme upper left. Coarse subrounded grains of Rock B lie beneath the quartz grain on the
left and at the extreme right of the view.)

Figure I-4. Thin-Section 41PT245-#401-008-1e.

(Note: Paste Group 2 ceramic fabric with medium, rounded grains of ferrous hematite near center
of field. Grains appear slightly reddish.)
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Bureau of Land Management

Figure I-5. Large Grain of Feldspar in Plain Polarized Light.

(Note: Erosion patterns, particularly along the cleavage boundaries. Thin-section unrecorded.)

Figure I-5. Microscopic View of Wet Mount of 41PT186-#443-008-1.

(Note: Shows quartz with biotite as small black specks. The quartz temper was coarse to medium
and subrounded.)
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Figure I-7. View Shows Wet Mount of 41PT185/C-#850-008-1.

(Note: The temper is medium to fine sized quartz, and a secondary patrticle is fine sized, opaque
white feldspar are subrounded in shape.)

Figure I-7. View of Wet Mount of Sherds #915-008-1 from 41PT185/C.

(Note: Shows tempering agent of coarse to medium feldspar in small quantities.)
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Appendix 1
Petrographic Analysis
Table I-3. Ceramic Wet Mount Analysis, BLM Landis Property
Munsell | Exterior | Interior Exterior
Paste | Surface | Surface | Paste |Thickness|Surface| Particle Particle | Particle
Catalogue No.| Color Color Color |Texture| (mm) Finish A’ B C
coarse/ .
41PT186-  |/2YRO2\7 gyReyp|T-OVR4/2 medium | Minor very
pinkish dark coarse 5 smooth fine biotite
#443-008-1 brown subangular ;
gray brown mica
quartz
medium to
5YR3/1 fine 1 medium to
41PT185/C- 5YR5/1 | 5YR4/1 . . angular ,
very dark medium 4 grainy fine
#850-008-1 gray |dark gray and
gray feldspar
subangular
quartz
5YR6/3 coarse to
41PT185/C- [2OYRMAN “ o [ SYREZ b or coarseto | o iy | flaky
reddish . pinkish . 3 smooth [ medium strands of
#915-008-1 reddish medium subangular 2
brown gray feldspar carbonate
brown quartz
" Particles presented in order of abundance
2 Probably caliche formed along plates of matrix. See text.
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Landis Property: Data Recovery at 41PT185, 41PT186, and 41PT245, Potter County, Texas

Bureau of Land Management

J.1 INTRODUCTION

This report describes the preparation,
analysis, and interpretation of six pottery
samples and nine clay samples from the
Texas panhandle. Five of the pottery
samples and all of the clay samples were
submitted for analysis in 2008. An
additional pottery sample (#443-008-1
[TRC527]) was submitted for analysis in
2009. Consequently, this report first
discusses those samples submitted in 2008.
Discussion of the single sample submitted in
2009 follows. The primary goal of this
research is to determine if the pottery might
have been made using any of the local clay
sources included in this analysis. The
samples are also compared to a recent study
of ceramics from the Antelope Creek area
(Meier 2007).

J.1.1 SAMPLE PREPARATION

Pottery samples were prepared for
Instrumental Ne