CHAPTER 16

ANALYSES AND
INTERPRETATIONS OF
CANAL OSTRACODES

Manuel R. Palacios-Fest
Terra Nostra Earth Sciences Research

INTRODUCTION

Until recently, it was generally accepted that
canals and irrigated agriculture were introduced to
the Greater Southwest from Mexico during the early
development of the Hohokam culture (e.g., Cheek
1994). However, recent discoveries of buried canals
in the Santa Cruz River floodplain in the Tucson Ba-
sin of southern Arizona have revealed a long se-
quence of prehistoric canals and canal systems that
argue against this hypothesis. In the Santa Cruz
floodplain near downtown Tucson, the Rio Nuevo
Archaeology project investigations documented sev-
eral canals dating between 1500 and 100 B.C., as well
as later Prehistoric, Protohistoric, and Historic canals
(see descriptions in Chapter 4, this volume). At loca-
tions downstream, in the same floodplain, canals
built at various times between 1200 B.C. and A.D.
50, have been identified at the sites of Santa Cruz
Bend, AZ AA:12:746 (ASM) (Mabry and Archer 1997);
Costello-King, AZ AA:12:503 (ASM) (Ezzo and
Deaver 1998); and Las Capas, AZ AA:12:111 (ASM)
(Mabry 1999, 2002, 2006).

The earliest known canals in the Santa Cruz Val-
ley are up to 1,500 years older than the famous canals
of the Hohokam culture of southern Arizona, and
they are more complex, and often larger, than the
earliest canals found in central Mexico (cf. Doolittle
1990, 2004). Mabry (2005a, 2005b) proposes that these
canals document the earliest attempts at water con-
trol in the Southwest, in which both surface flows
and groundwater tables were successfully exploited
for agriculture.

How did irrigation technology and techniques
evolve in this region over the last 3,500 years? A
study of canal ostracode records at Las Capas shows
a shift between about 1200 and 1000 B.C., from di-
verting episodic flood flows, to diverting the peren-
nial base flow of the river and operating canal head-
gates (Palacios-Fest and Davis 2006; Palacios-Fest
etal. 2001). Since the investigations of the Las Capas
canals, ostracode analysis has become a useful tool
inreconstructing the history of irrigation operations
in the Tucson Basin. The purpose of this study is to

compare and contrast the ostracode records from
the long sequence of prehistoric, protohistoric, and
historic canals discovered at AZ BB:13:481 (ASM),
the site number assigned to the canal segments
documented during the Rio Nuevo Archaeology
project.

AREAS OF INVESTIGATION

A total of 36 canals was documented under the
site number BB:13:481 in four different loci during
the Rio Nuevo investigations (Figure 16.1a-b; Table
16.1). Eighteen canals were exposed in the area
known as the Congress Street/ Brickyard loci, Clear-
water site, AZ BB:13:6 (ASM), located on the west-
ern side of the Santa Cruz River, between the San
Agustin Mission site to the south, and Congress Street
to the north. The locus known as the San Agustin
Mission, also the Clearwater site, is in downtown
Tucson on the western side of the Santa Cruz River,
west of Interstate 10 (I-10), east of Grande Avenue,
south of Congress Street, and north of Mission Lane.
Five canals were exposed in this location at the base
of A-Mountain. Thirteen canals were exposed in the
Mission Gardens locus, also part of the Clearwater
site, west of I-10, at the southeastern corner of the
intersection of Mission Road and Mission Lane. Canal
feature numbers are grouped by locations and peri-
ods in Table 16.1; the canals that yielded ostracode
records are shown in bold.

MATERIALS AND METHODS

Out of a total of 194 sediment samples analyzed,
91 samples (47 percent) from 25 different canals con-
tained ostracodes. The sample sizes ranged from 43
gm to 138 gm of sediment collected from a rectangu-
loid excavation (roughly 1 cm thick, 2 cm long, and 2
cm deep), at microstratigraphic intervals of 2 cm to
10 cm, depending on strata thickness and availabil-
ity. Sediments were stored in plastic zip-lock bags,
labeled, dated, and sealed. Stratigraphic contexts
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Table 16.1. Canal feature numbers at AZ BB:13:481 (ASM), by locus and period/era.

Locus Early Agricultural ~ Hohokam Protohistoric Historic

Congress Street/Brickyard 139, 140, 141, 152 142,143, 144, 146, 149, - 138, 145, 147, 148,
151,154 150, 153, 155

San Agustin Mission 53,127 137 - 3,9

Mission Gardens - 200, 202, 203, 210,212 201, 204, 205, 207 206, 208, 209, 211

Note: Features analyzed for ostracode records in bold.

were marked in canal feature cross sections. Samples
were prepared using routine procedures (Forester
1988), as modified by Palacios-Fest (1994). Sediment
residuals were analyzed under a low-power micro-
scope.

All fossiliferous samples were examined to iden-
tify fossil contents and faunal assemblages. Total and
relative abundance was recorded. Additionally, stan-
dard taphonomic parameters, such as fragmentation,
disarticulation (carapace/valve, C/V ratios), abra-
sion, and adult/juvenile (A /]) ratios (Delorme 1969,
1989), were recorded to establish the synecology
(ecology of the communities), as opposed to the auto-
ecology (ecology of single species) of the canals. How-
ever, autoecology was implemented to integrate the
environmental framework. The specimens were
placed in micropaleontological slides.

The taphonomic parameters were used to recog-
nize degrees of transport and/or burial characteris-
tics such as desiccation and sediment compaction.
The rates of fragmentation, abrasion, and disarticu-
lation are realistic indicators of transport; these pa-
rameters commonly show increasing damage with
increasing transport. One must be cautious in using
this criterion, but the nature of the deposits suggests
ostracodes may reflect canal hydraulic properties.

Other features such as encrustation and coating
were used to determine authigenic mineralization or
stream action, respectively. The redox index and color
of valves reflected burial conditions. The A/J and C/
V ratios were used as indicators of biocenosis (Pala-
cios-Fest et al. 2001).

Based on the faunal composition, a paleosalinity
index was developed. The paleosalinity index con-
siders the salinity tolerance of the species present in
the canals based on current knowledge of their eco-
logical requirements (Palacios-Fest 1994; Palacios-
Fest et al. 2001). The equation used for the present
study is:

SI = [4(% Limnocythere sp. cf. L. paraornata) +
3(% Cypridopsis vidua) + 2(% Candona caudata) +
% Herpetocypris brevicaudatal-[ % Potamocypris
unicaudata + 2(% Ilyocypris bradyi) + 3(% Dar-
winula stevensoni) +4(% Physocypria pustulosa)]

As in Palacios-Fest et al. (2001), Limnocythere sp.
cf. L. paraornata is assumed here to be a salinity-tol-
erant species, because it is associated with cienega-
like sediments but is absent during the freshwater
input stages. However, Forester (personal commu-
nication 2001) indicates L. paraornatalives in cold, flow-
ing waters, fresh to slightly saline (<5,000 mg I* total
dissolved solids, hereafter TDS), either Ca- or HCO.-
rich waters. Its possible presence in the Southwest
warm waters may expand its geographic and hydro-
chemical spectrum, although it could be associated
with winter precipitation or snowmelt discharge. The
maximum salinity tolerance for L. paraornata is used
here as indication of the highest salinity range reached
in canals in the Santa Cruz River basin.

RESULTS FROM CANALS IN THE CONGRESS
STREET/BRICKYARD LOCI, THE
CLEARWATER SITE, AZ BB:13:6 (ASM)

The sample identification number, stratigraphic
level (measured from base of canal), bulk and re-
sidual weights, lithology, color, and color code of
sediment residuals are shown in Table 16.2 (see
Tables 16.2-16.5 at the end of this chapter). The
samples consist primarily of pale yellowish-brown
(10YR 6/2) and grayish-orange (10YR7/4), occasion-
ally moderate brown (5YR 3/4), gravelly sands to
clay. The dominant minerals recognized in these
canals are quartz, tufa (or travertine), biotite, and
feldspars; fragments of charcoal, shell, and rock are
also present. Pegmatite and manganese nodules are
present, but rare, at the bases of canals. Other min-
erals occur occasionally (Table 16.3).

The biological contents of the canals and the over-
all taphonomic characteristics recorded are summa-
rized in Table 16.4. Ostracodes and molluscs are the
microinvertebrate groups present. The ostracode to-
tal population is provided in Table 16.5, by sample,
and the total and relative abundance by species per
sample. C/V and A/] ratios, by species, are also listed
to establish biocenosis.

Ten species of ostracodes were identified. Ilyo-
cypris bradyi was the most common and abundant,



followed by Cypridopsis vidua and Darwinula steven-
soni. The remaining seven species occurred only oc-
casionally in the canals: Herpetocypris brevicaudata,
Limnocythere sp. cf. L. paraornata, Candona caudata,
Candona patzcuaro, Physocypria pustulosa, Cypridopsis
sp., and Potamocypris unicaudata. Based on occurrence
and relative abundance, three assemblages were rec-
ognized: (1) Assemblage I is dominated by 1. bradyi,
astreamflow indicator; (2) Assemblage Il is dominated
by I. bradyi and C. vidua, both associated with stream-
flow conditions; and (3) Assemblage III is dominated
by I. bradyi, C. vidua, and D. stevensoni, reflecting long-
term water permanence conditions. Assemblage I
marks the beginning of water input and operation in
all canals studied. Assemblage II represents a transi-
tion to more saline conditions. It occurs in canal Fea-
tures 140, 146, 147, and 154. Assemblage III occurs in
Features 144 and 150. The hydrochemical evolution
suggested by the transition from Assemblage I to As-
semblage Il indicates increasing salinity; however, the
water was still relatively dilute, as the I. bradyi and D.
stevensoni occurrences were significant.

The presence of D. stevensoni at the ends of the
records suggests canals held water for long periods.
The faunal association is consistent with the water
chemistry type I (dilute) and type II (Ca-rich, domi-
nated by Na*, Mg*, and SO,*) of Eugster and Hardie
(1978). Tadayon and Smith’s (1994) and Tadayon’s
(1995) surface and groundwater analyses of the mod-
ern Rillito Creek in the Tucson Basin (sampled from
August 1987 to August 1993) showed near-equivalent
proportions of Ca and HCO,, with Ca slightly domi-
nant. This association is consistent with that suggested
for canals, AZ AA:12:753 (ASM), at
Las Capas (Palacios-Fest and Davis
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Early Agricultural Period Canals

Four canal features (Features 139, 140, 141, and
152) represent Early Agricultural period canals. Canal
Feature 139, containing a charcoal fragment radio-
carbon dated to 2140+40 b.p. (uncalibrated radiocar-
bon years before present; circa 150 B.C. calibrated)
(Chapter 19, this volume), was exposed on the south-
ern wall of Trench 201. The set of samples consisted
of a reference sample (2 cm below canal base; bcb)
and 12 canal fill samples, most of which contained
no fossils. The top four intervals (DA-RNA8-201-139-
10/13) contained ostracodes (see Table 16.5). Sedi-
ments consisted of gravelly to silty sand, gradually
grading to silty clay and clay (see Table 16.2).

Fine sediments suitable for ostracodes appear
sparsely some 52 cm above the canal base (acb) but
settle to establish a large population at the next in-
terval (59 cm acb). The dominant species is I. bradyi
(Assemblage I), representing more than 90 percent
of the population (Figure 16.2). The taphonomic
parameters show high fragmentation and abrasion (30-
100 percent) in the lower fossiliferous samples, de-
creasing substantially upward (5-15 percent). No signs
of encrustation or coating were recorded, but the
redox index ranged from strong oxidizing stains at
initial stages, to no stains upward (see Table 16.4).
Similarly, the A/] ratios grade from purely adult to
a mixed population, upward. The C/V ratios show
strong valve disarticulation. Assemblage I dominates
the history of the canal (see Figure 16.2).

The set of samples collected from canal Feature
140, where it was exposed on the southern wall of

2006; Palacios-Fest et al. 2001), and
in canals at the San Agustin Mission
locus (see below). Similarly, the oc-
currence of Limnocythere sp. cf. L. o

paraornata indicates a period of 60
marshy (cienega-like) conditions.
For each canal, the sequence of
species distribution and inferred
paleoecology is used to interpret en-
vironmental conditions through
time in the canals. The paleosalin-
ity index developed for each canal
is shown in the right-hand side of
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each figure. A small-to-large popu- °-
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Frequency (Percent)

samples. Based on Delorme (1969,
1989), taphonomic parameters are
used to distinguish allochthonous

from autochthonous populations. BB:13:481 (ASM).

Figure 16.2. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 139, AZ
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Trench 203, consisted of a reference sample (2 cm beb)
and seven canal fill samples, some containing a few
ostracodes (1-27 specimens). Sediment textures range
from gravelly sand to sandy silty clay, occasionally
clay; the finer sediments were suitable to host ostra-
codes (see Table 16.2). Sample DA-RNA8-203-140-3
contained a stable population; other fossiliferous
samples consisted of reworked specimens (see Table
16.5). The taphonomic characteristics show low-to-
moderate fragmentation and abrasion (5-20 percent);
no other parameters are relevant. Again, most fauna
were washed into the canal, as indicated by the A/]
and C/V ratios (see Table 16.4). At 10 cm acb, the
biocenosis formed an Assemblage I with strong in-
fluence of C. vidua and C. patzcuaro and the occur-
rence of L. sp. cf. L. paraornata (Figure 16.3).

Charcoal from canal Feature 141 provided a ra-
diocarbon date of 2470440 b.p. (uncalibrated; circa
600 B.C. calibrated) (see Chapter 19). The set of
samples collected from where it was exposed on the
southern wall of Trench 219 consisted of a reference
sample (2 cm beb) and two canal in-fill samples con-
taining no ostracodes or their fragments (see Table
16.5). Fine grain-sized sediments suitable for micro-
invertebrates do not explain their absence (see Table
16.2).

Canal Feature 152 is the oldest canal documented
during the Rio Nuevo project; radiocarbon dates on
annual plant remains from nearby pit features origi-
nating within the same stratum place the age of this
canal near 1500 B.C. (see Chapter 19). The samples
collected from where it was exposed on the west-
southwest wall of Trench 267 consisted of a refer-
ence sample (2 cm bceb) and five
canal fill samples containing no fos-

struction between A.D. 1100-1300. Canal Feature 149
contained a variety of Classic period sherds, includ-
ing Tanque Verde Red-on-brown, Sells Red, and cor-
rugated wares, bracketing its age between A.D.
1150-1300.

Samples collected from canal Feature 142, where
it was exposed on the southern wall of Trench 206,
consisted of a reference sample (2 cm bcb) and five
canal fill samples containing ostracodes (Figure 16.4;
see Table 16.5). Seven species occur throughout the
history of the canal: I. bradyi the most common and
abundant, followed by C. vidua and occasionally L.
sp. cf. L. paraornata, C. patzcuaro, C. caudata, P. pus-
tulosa, and P. unicaudata (see Figure 16.4). The tapho-
nomic parameters show low fragmentation and
abrasion (5-10 percent). Evidence of authigenic
mineralization and coating of the valves was re-
corded in some strata. The redox index ranged from
no stains to light oxidizing stains. The A/J and C/V
ratios indicate a stable community throughout the
record. Despite some minor fluctuations, Assemblage
I dominates the canal history (see Figure 16.4).

Samples from canal Feature 143 on the west-
southwest wall in the Block 5 stripping area consisted
of a reference sample (2 cm bcb) and three canal fill
samples that held no fossils. Sediments ranged from
gravelly sand to silty clay, the latter providing op-
timal conditions for microinvertebrates to settle.
Nonetheless, no organisms or their fragments were
recovered.

Samples were collected from canal Feature 144
where it was exposed on the west-northwest wall of
Trench 212. The sample set consisted of a reference

sils or their fragments (see Table
16.5). Sediments consist of coarse-
to-medium sand, rarely suitable for
microinvertebrates to settle, espe-

cially ostracodes. However, toward
the top of the stratigraphic sequence,
particle size decreases to a sandy silt
thatis appropriate habitat for micro-
invertebrates. However, ostracodes
were still absent in all samples.
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their stratigraphic contexts. Late Rin-
con or Tanque Verde phase deco-
rated sherds were collected from

canal Feature 146, placing its con- BB:13:481 (ASM).

Figure 16.3. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 140, AZ



sample (2 cm beb) and seven canal fill samples. Sedi-
ments consist primarily of sandy silty clay to clay
suitable for microinvertebrates. Three samples —
DA-RNAS8-212-144-5/7 — contained ostracodes. The
dominant species is I. bradyi, representing more than
70 percent of the population, but C. vidua, Cypridop-
sis sp., and D. stevensoni became established later in
the sequence (Figure 16.5). The taphonomic charac-
teristics indicate low-to-moderate fragmentation and
abrasion (5-15 percent), but no authigenic mineral-
ization or coating. Valves are well preserved (no

Analyses and Interpretations of Canal Ostracodes 16.7

stains), as shown by the redox index. Adult speci-
mens are the most abundant, but all samples include
juveniles of most species (see Tables 16.3-16.4). Fau-
nal assemblages evolved from Assemblage I to As-
semblage III, and back to Assemblage I.
Canal Feature 146, exposed on the southern wall
of Trench 253, provided a sample set consisting of a
reference sample (2 cm beb) and five canal fill sam-
ples. Sediments are primarily sandy silts that would
have been optimal for microinvertebrates. Three
samples — DA-RNA8-253-146-2/4 — contained os-
tracodes. The dominant species, I.

50

bradyi, alternates frequently with C.
vidua, and less frequently with H.
brevicaudata and L. sp. cf. L. paraor-
nata (Figure 16.6). The taphonomic
parameters show low-to-moderate

40 |

30

20

fragmentation and abrasion (5-15
percent). No coating or authigenic
mineralization is evident. The redox
index shows well-preserved valves
with no stains. Adults are domi-
nant, but some species incorporated
juveniles (see Tables 16.4-16.5).
Throughout the record, faunal as-
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Figure 16.4. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 142, AZ

BB:13:481 (ASM).

wall of Trench 260 consisted of a ref-
erence sample (2 cm beb) and six
canal fill samples. Sediments range
from gravelly sand to silty clay
suitable for microinvertebrates.

®
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The canal was dug in cienega-like
deposits. One sample, DA-RNAS8-
260-149-6, contained an almost
monospecific ostracode record, I.
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bradyi (>96 percent), C. vidua, and
L. sp. cf. L. paraornata (Figure 16.7).
There was a low rate of fragmenta-
tion and abrasion (5-10 percent) and
no evidence of coating or authi-
genic mineralization. Some stains
are shown by the redox index. An
almost-adult population was re-
corded (see Tables 16.4-16.5). As-

canal

o
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semblage I entered the canal.

Qo
re

S}

100 1

Ostracodes
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Samples were collected from
canal Feature 154 on the southern
wall of Trench 258. They consisted
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of two samples, one of them a refer-

Figure 16.5. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 144, AZ
BB:13:481 (ASM).

ence (2 cm beb). The canal was dug
on top of a natural channel. Sedi-
ments consist of silty sand that is
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appropriate for microinvertebrates
to settle. The two samples contained
ostracodes. Surprisingly, sample
DA-RNAS8-258-154-1 contained
some ostracodes, I. bradyi and C.
vidua. This is explained by the ori-
gin of the substrate. The most di-
verse population is represented in
sample DA-RNAS8-258-154-2 (Fig-
ure 16.8), containing I. bradyi, C.
vidua, L. sp. cf. L. paraornata, Cypri-
dopsis sp., and D. stevensoni. Tapho-
nomic parameters show low frag-
mentation and abrasion (5-10 per-
cent), no authigenic mineralization
or coating, and no stains (redox in-
dex). Adults dominate the assem-
blage, but D. stevensoni consisted of
juveniles only (see Tables 16.4-16.5).
Assemblage I entered the canal.

Historic-era Canals

Based on their stratigraphic con-
texts and artifact inclusions, five
canal features (Features 138, 147,
148, 150, and 153) represent historic
irrigation. Canal Feature 138 ap-
pears on an 1862 map as the
“Acequia Madre Primera” (see Fig-
ure 1.2), and contained late nine-
teenth century European and Na-
tive American ceramics and other
historic-era artifacts. Canal Feature
148 probably correlates with an-
other canal shown on the 1862 map.

Samples collected from canal
Feature 153 from the southern wall
of Trench 258 where it overlies canal
Feature 154 (see Figure 16.8) consists
of two canal fill samples with a very
poor ostracode record (see Table
16.5). Medium- to fine-grained
sediments suitable for ostracodes
are almost deprived of their fossils.
A monospecific Assemblage I (L.
bradyi) occurs in this canal. Low-to-
moderate fragmentation and abra-
sion (5-25 percent) characterize the
strata, and no other taphonomic fea-
tures are relevant.

Samples from canal Feature 138
on the southern wall of Trench 202
consisted of a reference sample (2
cm beb) and four canal fill samples
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containing a diverse and rich ostra-
code fauna (see Table 16.5). Fine-
grained sediments are optimal for
microinvertebrates (see Table 16.2).

Seven species occurred throughout
the record: I bradyi, followed by C.
vidua and, more randomly, L. sp. cf.
L. paraornata, P. pustulosa, H. brev-
icaudata, and D. stevensoni. C.
patzcuaro occurs only in the cienega
deposits underlying the canal (Fig-
ure 16.9). Taphonomic parameters
show low-to-moderate fragmenta-
tion and abrasion (5-15 percent), no

Stratigraphic Level (cm above canal base)

i
F. 153

F. 154
v

canal
base

authigenic mineralization or coat-
ing, but light oxidizing stains (see
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Figure 16.8. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Features 153
and 154, AZ BB:13:481 (ASM).

ern wall of Trench 253, provided two
canal fill samples. The feature was

dug on top of the Hohokam canal
Feature 146. Sediments consist of
sandy silts optimal for microinver-
tebrates. Both samples held ostra-
codes, with I. bradyi and C. vidua the

most abundant species. L. sp. cf. L.
paraornata and D. stevensoni occurred
occasionally (Figure 16.10). Tapho-
nomic parameters show an increase
from low-to-moderately high frag-
mentation and abrasion (5-30 per-
cent). Other parameters show no or
little effects on shells. For example,
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the redox index varies from no al-
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16.5). Assemblage II entered the
canal, and Assemblage I replaced it
until the end of the record.

Samples were collected from
canal Feature 148 where it was ex-
posed on the southern wall of Trench 253. These con-
sisted of a reference sample (2 cm beb) and two canal
fill samples. Sediments consist primarily of silty
sands suitable for microinvertebrates, but only the
top sample (sandy silts) contains ostracodes—1.
bradyi, Cypridopsis sp., and D. stevensoni (Figure
16.11). Taphonomic parameters show moderate frag-
mentation (15 percent) and low abrasion (5 percent),
but no other effects. Adults dominate the popula-
tion, but some juveniles occur (see Tables 16.4-16.5).
Assemblage I settled in this canal.

BB:13:481 (ASM).

Figure 16.9. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 138, AZ

Samples were collected from canal Feature 150
where it was exposed on the southern wall of Trench
253. These consisted of a reference sample (2 cm bcb)
and two canal fill samples. The canal was dug into a
cienega-like deposit. Upward through the sample
sequence, the canal sediments grade from gravelly
silty sand to silty sand. The occurrence of ostracodes
in the reference sample results from the substrate
origin. Five species occur: I. bradyi, C. vidua, L. sp. cf.
L. paraornata, D. stevensoni, and P. unicaudata (Figure
16.12). Taphonomic features show low fragmentation
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Figure 16.10. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 147, AZ

BB:13:481 (ASM).
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Figure 16.11. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 148, AZ

BB:13:481 (ASM).

and abrasion (5 percent) and no
other effects. Only adults occur in
this canal (see Tables 16.4-16.5). As-
semblage II entered the canal.

Interpretations of Canal Ostracode
Records from the Congress Street/
Brickyard Loci, the Clearwater
Site, AZ BB:13:6 (ASM)

Four Early Agricultural period
canals were documented at the Con-
gress Street/Brickyard loci. Canal
Feature 139 is a large canal about 3.6
m wide and 71 cm deep, filled with
seven lithostratigraphic units. The
thicknesses of the units suggest a
long-term, fast-flowing discharge
that decreased gradually over time.
Lack of ostracodes or their frag-
ments in the lower 45 c¢m is consis-
tent with fast flow. Occurrence of
these microinvertebrates afterward
implies decreasing flow that ended
abruptly. A detailed sampling
above the last interval would pro-
vide information about the final
stages of this canal. However, cur-
rent data suggest a prolonged canal
operation with at least two pulses
of water input before the arrival of
ostracodes, and two more during
late stages containing ostracodes.

The faunal Assemblage I strongly
dominated by I. bradyi is consistent
with the interpretation of dilute
water input; however, it is unwar-
ranted to place a minimum and
maximum salinity range because
other species occurred very ran-
domly. I. bradyi’s tolerance ranges
from 100-4,000 mg 1" TDS (Delorme
1989; Palacios-Fest 1994); therefore,
the salinity range of Feature 139
could not exceed either limit. Con-
sidering the rare occurrences of P.
pustulosa (salinity tolerance = 100-
600 mg I'' TDS) and D. stevensoni
(50-2,000 mg 1" TDS), canal salin-
ity did not exceed 600 mg 1" TDS at
the time of canal operation. The pa-
leosalinity index is in good agree-
ment with dilute water input (see
Figure 16.2).



Analyses and Interpretations of Canal Ostracodes 16.11

Canal Feature 141 is a small
(roughly 1.22 m wide) and shallow
(about 40 cm deep) canal consisting
of a truncated lithostratigraphic
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unit. The unit’s thickness and sedi-
mentological composition indicate
short-term canal operation. How-
ever, loss of the upper part and lack
of ostracodes prevents any further
interpretation. The fact that sedi-
ment grain size declined rapidly af-
ter initial water input is consistent
with a short-term canal operation
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(see Table 16.2).

Feature 152 is a large canal about
2.65 m wide and 56 cm deep, con-
sisting of two lithostratigraphic
units. The thickness of the units sug-
gests a continuous water input. The
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Figure 16.12. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 150,

AZ BB:13:481 (ASM).

Canal Feature 140 is a large canal approximately
3.4 m wide and 45 cm deep, consisting of six lithos-
tratigraphic units. The thicknesses of the sediment
units suggest a continuous streamflow marked by two
input pulses. Streamflow was moderate to low after
initial discharge, as suggested by sediment grain sizes.
The ostracode record is consistent with the canal sedi-
mentological composition. A relatively diverse (four
species) Assemblage Il entered the canal. I. bradyi and
C. vidua, associated with C. patzcuaro and L. sp. cf. L.
paraornata, occur as streamflow declines. Only the first
two species settled and developed communities. The
other two were more likely introduced; no adults of
C. patzcuaro and a single valve of L. sp. cf. L. paraornata
occurred. The salinity tolerances of I. bradyi and C.
vidua both range from 100-4,000 mg 1" TDS (Delorme
1989; Palacios-Fest 1994). Occurrence of C. patzcuaro
juveniles suggests stressful conditions for the species,
preventing maturation. Presence of L. sp. cf. L. paraor-
nata implies moderate-to-high salinity (<5,000 mg I*
TDS; R. Forester, personal communication 2001) and
may also indicate winter or snowmelt discharge. C.
vidua may live in cold waters but its preferred tem-
perature for hatching is about 13°C (Taylor 1991).
Therefore, for the species to settle a biocenosis, water
temperature had to be greater than 13°C; thus, the in-
terpretation of cold-water input may be discarded. As
water flow continued, more dilute conditions pre-
vailed as I. bradyi and P. pustulosa (100-600 mg 1! TDS;
Delorme 1989; Palacios-Fest 1994) entered the canal.
The paleosalinity index is consistent with salinity fluc-
tuations shown in canal Feature 140 (see Figure 16.3).

slightly sandier deposit, sample
DA-RNAS8-267-152-3, implies an in-
crease in streamflow that rapidly
declined. It is deprived of ostracodes
or their fragments. As mentioned
earlier, sediment composition suggests a fast-flow-
ing discharge followed by a rapid desiccation that
left very little clay. This canal may have been used
for a short time and then failed.

Six features (Features 142, 143, 144, 146, 149, and
154) provided the history of Hohokam irrigation in
the area. Feature 142 is a small (circa 1.25 m wide),
deep (circa 60 cm) canal consisting of two litho-
stratigraphic units. The thicknesses and grain-size
compositions of the units suggest a sustained, slow
streamflow. The ostracode record is consistent with
this interpretation. Faunal Assemblage I dominates
the canal history. I. bradyi entered the canal that was
initially dug into a cienega soil (containing ostracodes
as well). Other species occurred in low proportions
and were introduced as juveniles unable to settle,
except C. vidua, due to stressing conditions (see Fig-
ure 16.4). Canal operation probably lasted over a
month, as the life cycle of C. vidua takes that long
(Anderson et al. 1998; Kesling 1951). However, the
duration of flow was less than three months, as other
species such as C. patzcuaro, C. caudata, and P. uni-
caudata (represented by juveniles) require at least that
long to reach maturity (R. Forester, personal com-
munication 1988). Fine grain size and the thickness
of the unit do not seem to support a short-term canal
operation as suggested by the ostracode record; there-
fore, other stressing conditions may have prevented
these species from completing their life cycles. All
species present tolerate a similar salinity range as I.
bradyi and C. vidua (100-4000 mg I'* TDS), except P.
pustulosa (100-600 mg I TDS). Thus, other parameters
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in the water chemistry may be responsible for a stress-
ful environment. The paleosalinity index is consis-
tent with long-term freshwater input (see Figure
16.4).

Feature 143 is a small, shallow (about 1.2 m wide
and 33 cm deep) Hohokam canal. In contrast with
other canals of this time, it is relatively shallow and
deprived of microinvertebrates. Sediment grain size
(silty clay) suggests an optimal substrate for estab-
lishing a biocenosis. The relatively thin sedimento-
logic sequence consisting of a lithostratigraphic unit
suggests a short-term canal operation. Lack of organ-
isms may only be explained if the canal did not op-
erate for along time and water flow was fast enough
to wash them out. The geomorphologic and sedimen-
tologic studies will provide a better perspective to
understand this canal.

Feature 144 is a medium-to-large canal roughly
1.65 m wide and 74 cm deep, with a fill consisting of
three lithologic units. The thick sedimentologic se-
quence suggests a long-term canal operation similar
to that of canal Feature 137 at the San Agustin Mis-
sionlocus (see below). The canal was cut into cienega-
like deposits. Fast-flow input characterized this canal.
The faunal assemblage is diverse but limited to the
latter stages of canal operation. The extreme abun-
dance of I. bradyi throughout the record strongly sug-
gests freshwater input (Assemblage I). Transition to
Assemblage IlI is indicated by the occurrence of D.
stevensoniand H. brevicaudata, suggesting salinity was
not higher than 2,000 mg I TDS, and more likely,
much lower, because C. patzcuaro establishes at a
minimum salinity of 200 mg 1" TDS (Delorme 1989;
Forester 1991; Palacios-Fest 1994). Limnocythere stap-
lini, absent in this region, is not observed at any of
the Tucson Basin canal sites studied to date (Ledn
Farmstead, Thiel et al. 2005; Las Capas, Palacios-Fest
et al. 2001). This suggests that water chemistry re-
mained in the pathway of type I (dilute) of Eugster
and Hardie (1978), despite the presence of tufa.

The presence of an adult and a juvenile popula-
tion supports a well-established biocenosis in the
canal. Low-to-moderate effects of taphonomic fea-
tures also suggest an autochthonous assemblage. The
canal was fed during the early spring, as shown by
the paleosalinity index (see Figure 16.5). The pattern
is similar to that of canal Feature 137 at the San
Agustin Mission locus (see below). In contrast to the
latter, canal Feature 144 held an Assemblage I popu-
lation the entire time. The paleosalinity index is con-
sistent with a low salinity range throughout the
record (see Figure 16.5).

Feature 146 is a medium-to-large canal about 1.5
m wide and 70 cm deep, with a fill consisting of a
travertine-rich lithologic unit. The thick sedimento-
logic sequence suggests a long and continuous canal

operation. The canal was dug into an abandoned
natural channel of the Santa Cruz River. Fast-flow-
ing input characterized this canal. The faunal assem-
blage is not diverse, being limited to four species —I.
bradyi, C. vidua, H. brevicaudata, and L. sp. cf. L. paraor-
nata — and restricted to the initial water-input stages.
I. bradyi dominates the sequence (Assemblage I). C.
vidua (Assemblage II) became established for a short
episode and was replaced by H. brevicaudata (Assem-
blage I). The presence of L. sp. cf. L. paraornata is for-
tuitous (two adult valves recovered). I. bradyi and C.
vidua tolerate a maximum salinity of 4,000 mg1* TDS;
however, H. brevicaudata is limited to less than 3,000
mg 1! TDS (Delorme 1989; Forester 1991; Palacios-
Fest 1994). Regarding canal Feature 144 (and canals
elsewhere in the Tucson Basin), the absence of L.
staplini highlights the difference in water sources
from the Phoenix Basin. The paleosalinity index is
consistent with the ostracode salinity tolerance ranges
(see Figure 16.6).

For a brief interval (Assemblage II), the water
chemistry evolved to pathway type Il (Ca-rich) of
Eugster and Hardie (1978) but rapidly returned to
Assemblage I, this time with the strong presence of
H. brevicaudata, another streamflow indicator. The As-
semblage I prevalent conditions are consistent with
Tadayon and Smith’s (1994) and Tadayon’s (1995)
water chemistry records for the Rillito Creek basin,
which may be extended to the Santa Cruz River ba-
sin. The adult-dominated population is consistent
with a permanent, fast-flowing input to the canal.
Taphonomic characteristics do not indicate a re-
worked fauna. An explanation for the short transi-
tion to Assemblage Il is that it represents a summer
canal operation. The unit thickness and uniformity
suggest that the canal was used for a long time and
that flow was continuous. Transition to Assemblage
II may have resulted from summer temperatures
rather than human activity. Absence of ostracodes
to the end of the record may be the result of low water
temperatures from late fall to late winter, assuming
this canal was used year-round (during the last year
of operation).

Feature 149 is a medium-to-large canal about 1.50
m wide and 1.15 m deep, with a fill consisting of five
lithologic units. The thick sedimentologic sequence
suggests episodes of prolonged canal operation.
Water control is evident from stratigraphy and grain-
size data. The canal was cut into paleochannel sedi-
ments and across the cienega-like deposit. Episodes
of fast flow characterized the canal. Ostracodes are
absent throughout all units but one (see Figure 16.7).
The occurrence of fossils in a sandy silty clay unit
indicates streamflow decreased. I. bradyi dominates
the assemblage (Assemblage I). A few specimens of
C.viduaand L. sp. cf. L. paraornata entered the system.



The taphonomic parameters are not indicative of a
transported fauna; however, the A/J and C/V ratios
suggest an allochthonous population. Assemblage I
briefly entered the canal. The paleosalinity may not
be a realistic indicator of water salinity, because it is
strongly biased by a single event. It does not, how-
ever, diverge from trends observed in other canals
of this age (see Figure 16.7).

Feature 154 is a small- to medium-sized (approxi-
mately 1.7 m wide), shallow (circa 25 cm deep) canal
with a fill consisting of two lithostratigraphic units.
The thicknesses and grain-size composition of the
units suggest short-term, slow-to-moderate stream-
flow. The ostracode record supports this hypothesis.
The faunal Assemblage I dominated the history of
the canal. The occurrence of D. stevensoni juveniles
suggests the canal did not operate long enough for
this species to reach maturity (six months; Andrew
Cohen, personal communication 1992). I. bradyi and
C. vidua settled a biocenosis; therefore, a month-
long, or slightly longer, canal operation is plausible.
However, at Trench 258, Feature 154 is truncated
by historic canal Feature 153, limiting any further
interpretation. Dilute water entered and remained
in the canal, as suggested by the paleosalinity index
(see Figure 16.8) and by the occurrence of D. steven-
soni (50-2000 mg I'' TDS) (Delorme 1989; Palacios-
Fest 1994).

Five canal features (Features 138, 147, 148, 150,
and 153) contributed to understanding irrigation
during historic times. Feature 153 is a small canal
(circa 90 cm wide and 25 cm deep) dug into the Ho-
hokam canal Feature 154, and its fill consists of a
single lithostratigraphic unit. Slow streamflow is sug-
gested by the thickness and grain-size composition
of the unit. However, the ostracode record is meager
and monospecific toward the end of the canal his-
tory, suggesting a short-term canal operation that
only introduced a few adults of I. bradyi. The paleosa-
linity index indicates freshwater input, although the
signal may be biased due to the absence of other spe-
cies (see Figure 16.8).

Feature 138 is a small- to medium-sized canal
(about 1.15 m wide and 40 cm deep), cut by the plow-
zone, consisting of a single lithostratigraphic unit. The
thickness and grain-size composition of the unit in-
dicate a moderately fast discharge. The occurrence
of an Assemblage I-dominated fauna is consistent
with this interpretation. I. bradyi dominates the his-
tory of the canal, with minor occurrences of C. vidua,
H. brevicaudata, L. sp. cf. L. paraornata, P. pustulosa,
and D. stevensoni — all of which established commu-
nities (see Table 16.5). For D. stevensoni to settle im-
plies the canal was active for a prolonged period,
perhaps longer than six months; for P. pustulosa to
be present, salinity did not exceed 600 mg I! TDS
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(Delorme 1989; Palacios-Fest 1994). The paleosalin-
ity index is consistent with a permanent freshwater
input during canal operation (see Figure 16.9).

Feature 147 is a medium-sized canal, wide (ap-
proximately 1.4 m) but shallow (26 cm deep), with a
fill consisting of a single lithostratigraphic unit. The
sedimentologic composition of this unit suggests a
single, continuous use of the canal. The canal was
dug into parts of two Hohokam canals, Features 146
and 154. The lithology shows no significant changes
in streamflow velocity (see Table 16.2). The faunal
composition is not diverse. Four species occur in this
canal, with I. bradyi and C. vidua dominating, and L.
sp. cf. L. paraornata and D. stevensoni poorly repre-
sented. Initially, all four species entered the canal and
became established (Assemblage II). Later, I. bradyi
was the only poorly represented species present (As-
semblage I). The taphonomic features range from low
fragmentation and abrasion (5-10 percent) and no
other effects, to low-to-high fragmentation and abra-
sion (10-30 percent) and increasing stains in valves
(indicative of oxidizing conditions). Adults domi-
nated the sequence, although juveniles were present
and well preserved, suggesting a permanent bioceno-
sis at the time. The transition from Assemblage II to
Assemblage I suggests a change in streamflow in-
put; increasing velocity may have resulted in the
monospecific assemblage.

This is not consistent, however, with the sedimen-
tologic data. Fine particle concentration increases to-
ward the end of the canal history, suggesting canal
operation stopped, with subsequent desiccation of
soils. This explanation is consistent with the mono-
specific and poor fossil record. The canal was used
for only a brief period. The paleosalinity may not be
an accurate indicator of water salinity. Regardless of
the absence of L. staplini, salinity may have increased
to the upper limits of I. bradyi (4,000 mg 1" TDS)
(Delorme 1989; Palacios-Fest 1994) as the assemblage
became monospecific toward the end of the record.
The paleosalinity index shows a permanent freshwa-
ter input consistent with this interpretation (see Fig-
ure 16.10).

Feature 148 is a medium-sized canal, wide (circa
1.8 m) but shallow (circa 22 cm), consisting of a single
lithologic unit. Sediments suggest a single-event,
moderately fast flow (see Table 16.2). The canal was
cut into the paleochannel deposits across the cienega-
like soil. The faunal record is strongly dominated by
I. bradyi in the upper part of the sequence. Cypridop-
sis sp. and D. stevensoni also occur. The former, as
well as I. bradyi, formed a biocenosis; the latter was
more likely washed in. The moderate taphonomic
parameters indicate at least part of the population
was transported. In contrast, the relatively signifi-
cant occurrence of juvenile valves shows a stable
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population. After a quick introduction to the system,
ostracodes settled and formed a biocenosis. Again,
Assemblage I characterizes the canal, and the pa-
leosalinity index suggests freshwater input sustained
the introduction of D. stevensoni (see Figure 16.11). A
detailed analysis of Cypridopsis sp. is necessary to
recognize the species and its ecological needs.
Feature 150 is a medium-sized canal, wide (about
1.5 m) but shallow (about 29 cm deep), with a fill
consisting of a single lithologic unit. Like the other
historic-era canals, a single event of moderately fast
flow is indicated. The canal was dug into the cienega-
like soil. Ostracodes occur at the contact with the
cienega-like sediments and the top of the sequence.
The former is evidently not significant to this study,
other than to verify the source of organisms to the
environment. In contrast, the latter reflects the intro-
duction of an allochthonous fauna strongly dominated
by adult I. bradyi, C. vidua, L. sp. cf. L. paraornata, and
P. unicaudata. The occurrences of P. unicaudata and L
sp. cf. L. paraornata are fortuitous, as they were re-
worked; however, they indicate increasing salinity
of input water, as P. unicaudata tolerates ranges
greater than 4,000 mg 1" TDS (Delorme 1989). The
exclusively adult population indicates an alloch-
thonous Assemblage II. The paleosalinity index is
consistent with this interpretation (see Figure 16.12).

Summary

Ostracode records of canals in the Congress
Street/Brickyard loci allow a better understanding
of the history of irrigation in the Santa Cruz River
floodplain. The records are consistent with previous
findings at Las Capas (Palacios-Fest and Davis 2006;
Palacios-Fest et al. 2001) and at the San Agustin Mis-
sion locus (see below). The faunal composition is simi-
lar, suggesting a similar source of water (the Santa
Cruz River). Also, I. bradyi is the most abundant spe-
cies across the site, followed by C. vidua. Other spe-
cies appeared and disappeared at several intervals.

Absence of L. staplini in canals in the Tucson Ba-
sin contrasts with its abundance and frequent domi-
nance in canals in the Phoenix Basin (Palacios-Fest
1994). A preliminary interpretation is that the Tuc-
son and Phoenix basins are fed by two substantially
different fluvial systems with contrasting water
chemistries (Hem 1985; Tadayon 1995; Tadayon and
Smith 1994). The occurrence of L. sp. cf. L. paraornata
suggests water salinity was not as high as that of the
Salt River (Hem 1985). A more detailed ecological
analysis of species present in the Phoenix and Tuc-
son basins is needed.

This study of canals in the Congress Street/ Brick-
yard loci confirms previous interpretations about the
evolution of canal operation from the Early Agricul-

tural to the Hohokam periods (Palacios-Fest et al.
2001). Further, the historic use of canals shows a
different pattern. For example, ostracode faunal
assemblages are significantly more diverse during
Hohokam periods than they were at the earlier stages
or during historic times. While the transition from
Early Agricultural to Hohokam irrigation has been
explained as the technological evolution of water
management (Palacios-Fest et al. 2001), ostracode
records of canal operation during historic times in-
dicates a different strategy. Hohokam farmers mas-
tered canal operation and succeeded in sustaining
long-term flows in the canals. During historic times,
farmers introduced fast-flowing water for short in-
tervals, probably before the summer monsoon sea-
son. Evidence to support this interpretation is that
historic-era canals hosted a primarily adult popula-
tion associated with upward grading sediments in
relatively thin lithologic units.

RESULTS FROM CANALS IN THE SAN
AGUSTIN MISSION LOCUS, THE
CLEARWATER SITE, AZ BB:13:6 (ASM)

Sediment samples from four of the five canal fea-
tures identified in the San Agustin Mission locus were
analyzed for ostracode records. Canal Features 53 and
127 date to the Cienega phase (800 B.C.-A.D. 50) of
the Early Agricultural period. Based on the radio-
carbon dates obtained from pit structures originat-
ing in the same alluvial stratum (see Chapter 19),
these canals were probably built between 500 and
400 B.C. The Hohokam canal Feature 137 cut through
a Cienega phase pit structure and its fill contained
plain ware pottery sherds; however, the latter were
not diagnostic of a specific phase or period. Because
it cuts into a pit that contained European ceramics
dating to the 1850s and 1860s, the historic-era canal
Feature 9 was probably dug in the 1860s, near the
beginning of the American Territorial period.

Table 16.2 shows the sample identification num-
ber, stratigraphic level (from base of canal), bulk and
residual weight, lithology, and color (and color code)
of sediment residuals. The samples consist primarily
of pale yellowish-brown (10YR 6/2) to dusky brown
(5YR 2/2), occasionally moderate brown (5YR 3/4),
gravelly sandy silts to silty clay. The dominant min-
erals recognized in these canals are quartz, tufa (or
travertine) biotite, muscovite, charcoal, feldspars, and
shell and rock fragments. Other common minerals
present are glass, pegmatite, and manganese nod-
ules (at the base of the Hohokam canal Feature 137).
Other minerals or man-made materials occur occa-
sionally (see Table 16.3).

The biological contents of the canals and the
taphonomic characteristics recorded are summarized



in Table 16.4. Ostracodes, molluscs, and gyrogonites
of Characeae are shown quantitatively; the plant
debris is only marked when present. Table 16.5 shows
the ostracode total population by sample, as well as
the total and relative abundance by species per
sample. The C/V and A/] ratios, by species, are also
listed to establish biocenosis.

Eight species of ostracodes were identified in
samples from canals in the San Agustin Mission lo-
cus. llyocypris bradyi was the most common and
abundant species present, followed by Cypridopsis
vidua and Darwinula stevensoni. The remaining five
species occurred occasionally in the canals: Herpeto-
cypris brevicaudata, Limnocythere sp. cf. L. paraornata,
Candona caudata, Physocypria pustulosa, and Pota-
mocypris unicaudata. Based on the occurrence and
relative abundance, three assemblages were recog-
nized. Assemblage I is dominated by I. bradyi, a
streamflow indicator; Assemblage II is dominated
by I. bradyi and C. vidua, a transitional assemblage;
and Assemblage IIl is dominated by C. vidua, reflect-
ing increasing salinity conditions. Assemblages Il and
I occur in the Hohokam period Feature 137 canal
and in the American Territorial period Feature 9
canal. The hydrochemical evolution suggested from
Assemblage I to Assemblage III shows increasing
salinity, although water remained fairly dilute as I.
bradyi and D. stevensoni occurrence was significant.
The faunal association is consistent with the water
chemistry type I (dilute) and type II (Ca-rich, domi-
nated by Na*, Mg*, and SO,*) of Eugster and Har-
die (1978). This association is very similar to that
found at Las Capas (Palacios-Fest and Davis 2006;
Palacios Fest et al. 2001). Similarly, the occurrence of
Limnocythere sp. cf. L. paraornata is related to the pe-
riod of cienega-like conditions.

For each canal, the sequence of species distribu-
tion and inferred paleoecology is used to interpret
environmental conditions, through time, in the
canals. The paleosalinity index developed for each
canal is shown in the left-hand side of each figure.
All fossiliferous samples are characterized by a small
population (1-99 individuals per sample) and low
diversity (one to eight species). Based on Delorme
(1969, 1989), taphonomic parameters are used to dis-
tinguish allochthonous from autochthonous popu-
lations.

Cienega Phase Canals

The set of samples from Feature 53 consists of 14
samples collected from several different trench ex-
posures. From west to east, the samples are grouped
as follows: DA-RNA2-53-12 to -14, the westernmost
exposure (Figure 16.13a); DA-RNA2-53-1 to -3, the
next exposure to the east (Figure 16.13b); DA-RNA2-
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53-4 and -5, east from the former (Figure 16.13c);
DA-RNA2-53-6 to -9, the following exposure to the
east (Figure 16.13d); DA-RNA2-53-10 and -11, the
easternmost exposure (Figure 16.13e). Five ostra-
code species were identified along this canal: I.
bradyi, C. vidua, H. brevicaudata, P. unicaudata, and
D. stevensoni. Most samples are either monospecific
(L. bradyi) or have two species (L. bradyi and C. vidua).
The two distal segments of this canal host the re-
maining three species (see Figure 16.13d-e). The
taphonomic properties of the specimens recovered
range from no fragmentation to 50 percent, low-to-
moderate abrasion (5-20 percent), low authigenic
mineralization (5 percent), and occasional moder-
ate coating (30 percent). The redox index of the
specimens shows good preservation, with occa-
sional light orange stains. Adult specimens are the
most abundant, and an articulated carapace was re-
covered in only one sample (see Tables 16.4-16.5).

The column of samples collected from Feature 127
in the east-northeast wall of Trench 19 consisted of a
reference sample 6 cm below the canal base (unfossili-
ferous) and four canal fill samples containing a mono-
specific and poor ostracode record (Figure 16.14). The
main taphonomic characteristics ranged from no
fragmentation to 30 percent, moderately low abra-
sion (10-15 percent), and no authigenic mineraliza-
tion or coating. The redox index shows no stains of
any kind (clear to white valves). Only disarticulated
and adult valves were recovered (see Tables 16.4-
16.5).

Hohokam Canal

Feature 137, with a width of 1.88 m and a depth
of 1.30 m, is one of the largest prehistoric canals docu-
mented during the Rio Nuevo project. A total of 31
samples was collected from this feature, including a
reference sample from the alluvial unit 1 underlying
the canal. The complex canal stratigraphy allowed
separate groupings and presentation of summary
diagrams in Figure 16.15. Units 6 and 7 (samples 1-8
and 13-15, respectively) document a sediment unit
representing the longest continuous canal operation;
it is approximately 62 cm thick and contains four
species (see Figure 16.15a). Unit 7b (samples 9-12) is
a small segment cut by Unit 8 on the western side of
the feature. The assemblage is dominated by I. bradyi
throughout the stratigraphic column and is the only
species present in the lower 30 cm of the sequence.
Thereafter, it shares abundance with C. vidua, H. brev-
icaudata, and D. stevensoni.

The taphonomic parameters show a moderate-to-
high fragmentation (15-40 percent), low-to-moderate
abrasion (5-20 percent), no authigenic mineralization
and coating in Units 6 and 7, but moderately high
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Figure 16.13. Ostracode valves per gram, relative frequencies of ostracode species, and paleosalinity index, by

stratigraphic level, canal Feature 53, AZ BB:13:481 (ASM).

mineralization (30 percent) and relatively low coat-
ing (10-15 percent) in Unit 7b. The redox index shows
a similar pattern—no stains in samples 1-8 but or-
ange stains in samples 13-15. The ostracode popula-
tion consists primarily of disarticulated adult valves
(see Tables 16.4-16.5).

Unit 8 samples (9-12) overlap with those from
Unit 7b, which filled a cut that reshaped the canal.
Therefore, the Unit 8 ostracode record is shown sepa-
rately (see Figure 16.15b). Six species occur in this
unit, dominated by I. bradyi and C. vidua, with mi-
nor occurrences of H. brevicaudata, Limnocythere sp.
cf. L. paraornata, P. pustulosa, and D. stevensoni. The
taphonomic record indicates relatively low-to-mod-
erate fragmentation (10-20 percent) and abrasion (10-
15 percent). Authigenic mineralization and coating
are low (5-10 percent), and the redox index ranges

from unstained to orange valves. The ostracode
record shows abundance of juveniles throughout the
stratigraphic sequence but only one articulated cara-
pace (see Tables 16.4-16.5). It is not clear if Units 8, 9,
and 10 represent a continuous event or three inde-
pendent flow episodes. Therefore, Units 9 and 10 are
grouped separately.

Unit 9 and part of Unit 10 are grouped in Figure
16.15c, which represents another interval of long-term
canal operation, followed by abandonment (samples
16-19 and 25-26). It contains seven species, with C.
vidua as the most abundant throughout the record,
associated with I. bradyi and the minor occurrence of
H. brevicaudata, Limnocythere sp. cf. L. paraornata, C.
caudata, P. pustulosa, and D. stevensoni. The tapho-
nomic features indicate low fragmentation and abra-
sion (5-15 percent), but the valves show some evidence
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of authigenic mineralization and coating (5-10 per-
cent). The redox index may be as high as brownish-
orange, but usually shows no stains (see Tables 16.4-
16.5).

On the western extreme of the canal exposure, a
reshaped canal was sampled in part of Unit 10 (b).
Five samples (20-24) document this sequence, with
I. bradyi and C. vidua the dominant species (see Fig-
ure 16.15d). Other species, Limnocythere sp. cf. L.
paraornata and D. stevensoni, occur occasionally.
Fragmentation and abrasion are low (5-15 percent);
authigenic mineralization and coating are also low
(5-10 percent). The redox index of these valves is very
low, indicating no stains (clear to white) (see Tables
16.4-16.5).

On the wall (southeast) opposite the exposure
of Feature 137, overbank deposits were sampled in
the attempt to correlate them with the history of the
canal. Five samples (27-31) document two possible
overbank deposits. The lower one, stratigraphically
associated with canal-use sediments, is deprived of
ostracodes. The upper overbank deposit contains
ostracode valves in only the top sample (31). I. bradyi,
C. vidua, and Limnocythere sp. cf. L. paraornata were
the only three species present (see Figure 16.15e).
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Fragmentation and abrasion are low (10 percent);
no evidence of authigenic mineralization or coat-
ing was recorded. The redox index shows clear
valves. Articulated carapaces of adult I. bradyi are
abundant. The other two species consist of juvenile
and adult disarticulated valves (see Tables 16.4-
16.5).

American Territorial Period Canals

Two canals (Features 3 and 9) were built during
the American Territorial period. They were exposed
at the San Agustin Mission locus in Trenches 101,
102, and 103. Feature 3 (sampled in Trench 103) con-
tained no ostracodes, and is not discussed further.
Four samples were collected from Feature 9 in Trench
101 (see Tables 16.4-16.5). At the base of the canal,
Assemblage I is monospecific, consisting of I. bradyi.
However, it suddenly reaches the highest abundance
(99 individuals) and diversity (six species) among the
analyzed ostracode records. It is dominated by I.
bradyi and C. vidua (Assemblage II), with minor oc-
currence of D. stevensoni, H. brevicaudata, P. pustu-
losa, and Limnocythere sp. cf. L. paraornata. Then, C.
vidua becomes the dominant species (Assemblage I1I)
at the end of the record, followed by D. stevensoni, I.
bradyi, P. pustulosa, H. brevicaudata, and Limnocythere
sp. cf. L. paraornata (Figure 16.16). Fragmentation and
abrasion are low (5-10 percent), authigenic mineral-
ization and coating were absent or low (10 percent),
and the redox index showed little staining of the
valves (light orange). A diverse suite of adult and
juvenile valves and carapaces was recovered (see
Tables 16.4-16.5).

Interpretations of Canal Ostracode Records
from the San Agustin Mission Locus, the
Clearwater Site, AZ BB:13:6 (ASM)

Features 127 and 53, the Cienega phase canals,
are characterized by a very similar ostracode assem-
blage, dominated by I. bradyi. The sedimentological
composition in both features is also quite similar,
grading to finer grain size from west to east. This
characteristic is significant, because the ostracode as-
semblage — that is almost monospecific at Feature 127
and the first three segments of Feature 53 —holds a
more diverse association in the same direction. The
canal appears to have been fed by a spring or high
water table in a cienega in the floodplain at the base
of A-Mountain. The occurrence of C. vidua in one of
these segments, and later toward the east, supports
this interpretation. The dominant adult composition
and the taphonomic characteristics of the assemblage
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Figure 16.15.

suggest specimens were transported to the site. The
water entering this canal was dilute, as indicated
by the paleosalinity index (see Figure 16.13a-e and
Figure 16.14). Dilute water entered the canal and
gradually increased in salinity and flow velocity, sup-
porting the settlement of species that prefer relatively
calm water flows. The operation of this canal was op-
portunistic (relying on natural pulses of water flow),
as there are no indications of headgate operation.

Ostracode valves per gram, relative frequencies of ostracode species, and paleosalinity index, by
stratigraphic level, canal Feature 137, AZ BB:13:481 (ASM).

The thick sediment sequence filling the Ho-
hokam canal, Feature 137, suggests a long-term
canal operation not previously recorded in the Tuc-
son Basin. The ostracode faunal composition is the
most diverse recorded at this locus. Starting with a
monospecific Assemblage I (I. bradyi), it became
gradually enriched in species composition, evolv-
ing to a transitional Assemblage II (1. bradyi/C. vidua)
that suggests increasing salinity (see Figure 16.15a).
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ing relatively saline waters entered
the canal. The occurrence of I. bradyi
and the paleosalinity index increase
toward the end of the Unit 10 depo-
sition (see Figure 16.15c), indicating
a slow-flowing pulse of water dur-
ing late spring/early summer. The
change in lithology and faunal com-
canal position at the transition from Unit

9 to Unit 10 indicates human ma-
nipulation of the flow through head-
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Frequency (Percent)

Salinity

gate operations; this is a functional
canal.
At the western edge of Feature

Figure 16.16. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 9, AZ

BB:13:481 (ASM).

Salinity was not too high during the accumulations
of Units 6 and 7. The canal received dilute water
from the Santa Cruz River for a while and was char-
acterized by moderately fast flow, as suggested by
the adult-dominated faunal composition and tapho-
nomic characteristics. The paleosalinity index for
these units suggests the canal was operated during
the early spring, when dilute water flowed in the
Santa Cruz River.

Some time after the accumulation of Unit 7b, the
canal was cleaned and reshaped. A new episode of
canal operation is marked by a drastic change in li-
thology (gravelly silty sand) in Unit 8 that is associ-
ated with a diverse ostracode fauna dominated by
C. vidua. Assemblage III characterized the waters en-
tering the canal during this episode and indicates the
highest salinity of water recorded in the site (see
Figure 16.15b). During this interval, the canal prob-
ably conveyed water from the Santa Cruz River dur-
ing the late spring/early summer, when increasing
temperatures accelerate water salinization by evapo-
ration. The lithology and the stable ostracode com-
munity suggest a moderate flow. The ostracode
assemblage includes a suite of adult and juvenile
forms, supporting the interpretation that this unit
represents a long interval of canal use.

Later, canal operation continued into Units 9 and
10. Lithological and faunal continuity with respect
to Unit 8 suggest another prolonged use of this canal.
However, field observations indicate some disconti-
nuity between Units 8 and 9. Therefore, the last two
units are treated separately from Unit 8.

137, a smaller channel was cut into
Unit 9 and accumulated the same
kind of sediments reported at Unit
10. This channel is recognized as
Unit 10, although it is documented
separately due to its physical position in relation to
the remainder of the sequence. Assemblage I (L.
bradyi-dominated) is consistent with the assemblage
reported at the end of the large canal sequence. This
suggests that Unit 10, that caps the large canal, is an
overflow deposit from the smaller canal situated to
the west. No evidence was recorded in the field about
the northwestern trench wall where the samples were
collected, although overbank deposits were sampled
on the opposite wall of the exposure. The paleosalin-
ity index and the canal lithology indicate slow-flow-
ing water inputs (see Figure 16.15d). Assuming a
connection between the large canal deposits and
small canal deposits, they are probably a result of
human operation.

On the opposite, southeastern trench wall, a few
samples were collected from overbank alluvial de-
posits. The assemblage is similar to that of the small
canal discussed earlier. The high abundance of I.
bradyi carapaces indicates rapid burial rather than a
biocenosis (see Figure 16.15e).

The historic ditch, Feature 9, ran along the north-
ern edge of Mission Lane. It was an almost straight
ditch fed by the Santa Cruz River. The ostracode as-
semblages evolved from Assemblage I to Assemblage
III, generating a paleosalinity index that shows
gradual salinization of the water through time. The
flow was controlled, as indicated by the ostracode
diversity and preservation and lithology, suggesting
aslow flow. The occurrence of a stable ostracode com-
munity is consistent with long-term, steady flows in
the canal (see Figure 16.16).
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Summary

The occurrence of canals ranging in age from the
Early Agricultural period to the American Territo-
rial period in the San Agustin Mission locus provided
a unique opportunity to reconstruct the history of
canal operations in the Tucson Basin reach of the
Santa Cruz River valley. As reported for San Pedro
phase canals a few miles downstream at Las Capas
(Palacios-Fest and Davis 2006; Palacios-Fest et al.
2001), it has been possible to recognize opportunisti-
cally used canals (diverting only flood flows of the
river) during the Cienega phase occupation of the
San Agustin Mission locus, followed by functionally
used canals (diverting the perennial baseflow of the
river through the operation of headgates) during Ho-
hokam times. The ostracode record of the American
Territorial period canal shares a significant similar-
ity with the record of the Hohokam canal: both evolve
from Assemblage I to Assemblage III and consist of
the same species. This similarity is noteworthy because
it demonstrates that ostracode assemblages are good
indicators of water chemistry evolution in canals.

Questions also emerged during this study. It is
suggested here that Features 53 and 127 are segments
of the same canal, but no solid evidence is available. It
is also suggested that these canal segments were fed
from a spring or cienega, based on the lithology of
infilling sediments and ostracode assemblages; how-
ever, with the short lengths of canal segments exposed,
it is not possible to determine the gradient and direc-
tion of flow of Feature 53 to test this. The stratigraphy
of the Hohokam canal Feature 137 is very complex,
and further data would help refine the relationships
among strata and ostracode assemblages. Finally, the
exposed portion of the late nineteenth century ditch
Feature 9 is too short to expand any interpretation.

RESULTS FROM CANALS IN THE MISSION
GARDENS LOCUS, THE CLEARWATER
SITE, AZ BB:13:6 (ASM)

Table 16.2 shows the sample identification num-
ber, stratigraphic level (from base of canal), bulk and
residual weight, lithology, and color (and color code)
of sediment residuals. The samples consist primarily
of moderate yellowish-brown (10YR 5/4) and pale
yellowish-brown (10YR 6/2), occasionally dark yel-
lowish-brown (10YR 4/2), gravelly silty sands to clay.
The dominant minerals recognized in these canals are
quartz, tufa (or travertine), biotite, and feldspars. Other
common minerals include basalt, muscovite, and cali-
che. Other minerals occur occasionally, and glass, shell,
and rock fragments are present (see Table 16.3).

The biological contents of the canals and the over-
all taphonomic characteristics recorded are summa-

rized in Table 16.4. Ostracodes and molluscs are the
groups present. Table 16.5 shows the ostracode total
population, by sample, and the total and relative abun-
dance, by species per sample. The C/V and A/] ra-
tios, by species, are also listed to establish biocenosis.

Ten species of ostracodes were identified. llyocyp-
ris bradyi was the most common and abundant, fol-
lowed by Cypridopsis vidua and Darwinula stevensoni.
The remaining seven species occurred occasionally
in the canals: Herpetocypris brevicaudata, Limnocythere
sp. cf. L. paraornata, Candona patzcuaro, Physocypria
pustulosa, Cypridopsis sp., Chlamydotheca arcuata (not
reported in other loci), and Potamocypris unicaudata.

Based on the occurrence and relative abundance,
three assemblages were recognized. Assemblage 1 is
dominated by I. bradyi, a streamflow indicator; As-
semblage II is dominated by I. bradyi and C. vidua,
both associated with streamflow conditions; and
Assemblage 11l composed by 1. bradyi, C. vidua, and
a minor but significant occurrence of D. stevensoni.
Other species are less significant. Assemblage I marks
the beginning of water input and operation in all
canals studied. Assemblage II shows a transition to
more saline conditions. It occurs in canal Features
200, 205, and 206. The hydrochemical evolution sug-
gested from Assemblage I to Assemblage Il indicates
increasing salinity. Assemblage III results from pro-
longed water input that allowed D. stevensoni to settle
and salinity to decrease.

The presence of D. stevensoni at the end of the
records suggests canals held water for long periods.
The faunal association is consistent with the water
chemistry type I (dilute) and type II (Ca-rich, domi-
nated by Na*, Mg*, and SO,*) of Eugster and Hardie
(1978). Tadayon’s (1995) and Tadayon and Smith’s
(1994) surface and groundwater analyses of the mod-
ern Rillito Creek in the Tucson Basin (sampled from
August 1987 to August 1993) showed near-equiva-
lent proportions of Ca and HCO,, with the former
slightly dominant. This association is very similar to
that found at the Congress Street/Brickyard and San
Agustin Mission loci (see above), as well as at Las
Capas (Palacios-Fest and Davis 2006; Palacios-Fest
etal. 2001). Similarly, the occurrence of Limnocythere
sp. cf. L. paraornata is related to a period of cienega-
like conditions.

Relative abundances of species for each canal are
shown in Figures 16.17-16.19. The sequence of species
distribution and inferred paleoecology is used to in-
terpret environmental conditions in the canals,
through time. The paleosalinity index developed for
each canal is shown in the right-hand side of each fig-
ure. A small to large population (2-526 individuals per
sample) and low diversity (two to seven species) char-
acterize fossiliferous samples. Based on Delorme (1969,
1989), taphonomic parameters are used to distinguish
allochthonous from autochthonous populations.
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the cienega-like deposits to
roughly 43 cm from the canal base
(see Figure 16.17a). In Trench 302,
ostracodes occurred in the cienega-
like deposits and from about30 cm
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above the canal base to the end of
the record. Sediments consist of
gravelly to silty sand, gradually
grading to silty clay and clay (see
Table 16.2). In Trench 310, frequent
grain-size coarsening above 43 cm
reflects pulses of one or more flood
events. Ostracodes and sediments
indicate at least two cycles of wa-
ter input into this canal.
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bradyi (Assemblage I), represent-
ing more than 50 percent of the
population in most of the samples
(see Figures 16.17a-b). Through
time, Assemblage I1I (1. bradyi/ C.
vidua/D. stevensoni) character-
ized the canal. The taphonomic
parameters show low-to-moder-
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ate fragmentation and abrasion
(5-20 percent). Rare signs of en-
crustation or coating were re-
corded in Trench 302 (5 percent),
but not in Trench 310. The redox
index ranged from slightly oxidiz-
ing stains to no stains, upward
(see Table 16.4). Similarly, the A/
J ratios graded from purely adult
to a mixed population upward.
The C/V ratios show strong valve
disarticulation. Assemblage I
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Figure 16.17. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 200, AZ

BB:13:481 (ASM).
Hohokam Canal

Feature 200 is a Sedentary period Hohokam canal
(see Figure 16.17). The samples were collected from
exposures on the southern walls of Trenches 310 and
302. They consisted of reference samples (2 cm bcb)
and 18 and nine samples from canal fill sediments,
respectively. Trench 310 is upstream of Trench 302.
Ostracodes ranged from rare to abundant, particu-
larly in Trench 310 (see Figures 16.17a-b; see also
Table 16.5). In Trench 310, ostracodes occurred from

Four features (Features 207,
205, 204, and 201) represent Pro-
tohistoric irrigation (see Figure
16.18). Feature 207, exposed on
the southern wall of Trench 300, consisted of a refer-
ence sample (2 cm beb) and three canal in-fill samples
containing ostracodes (see Figure 16.18a; see also
Table 16.5). Six species occurred throughout the his-
tory of the canal—1I. bradyi the most common and
abundant, followed by C. vidua, H. brevicaudata, L.
sp. cf. L. paraornata, D. stevensoni, and P. pustulosa.
The taphonomic parameters show moderate-to-high
fragmentation and abrasion (10-50 percent); no signs
of encrustation or coating of the valves were re-
corded. The redox index ranged from no stains to
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bradyi). C. vidua occurred occasion-

‘ & ally at the early stages of the canal

g & & (see Figure 16.18c). The taphonomic
\\)\ ¢®° Adb\) 6& A

v 0 & Qq}e° parameters show a low-to-high rate

of fragmentation and abrasion (5-70
percent). Low-to-moderate coating
and authigenic mineralization (5-30
percent) is evident. The redox index
fluctuated from well-preserved
valves with no stains to strong oxi-
dizing conditions. Adults are domi-
nant (see Tables 16.4-16.5). Assem-

canal

Stratigraphic Level (cm above canal base)

Frequency (Percent)

Ostracodes
per Gram

7] base

blage I characterized the canal. A
continuous, single water cycle, with
~r g an input pulse at about 20 cm above
- the canal base, is inferred from the
sedimentology and faunal record.
Canal Feature 201, exposed on

Salinity

Figure 16.19. Ostracode valves per gram, relative frequencies of ostracode
species, and paleosalinity index, by stratigraphic level, canal Feature 206, AZ

BB:13:481 (ASM).

light oxidizing stains. The A/J and C/V ratios indi-
cate a stable community throughout the record. De-
spite some minor fluctuations, Assemblage III domi-
nates the canal history (see Figure 16.18a). A single,
continuous water input is suggested by the sediments
and ostracodes.

Canal Feature 205, exposed on the east-northeast
wall of Trench 307, provided a reference sample (2
cm beb) and four canal fill samples (see Figure 16.18b).
Sediments consist primarily of sandy silty clay to clay
suitable for microinvertebrates. All samples contained
ostracodes. The dominant species is I. bradyi, repre-
senting more than 50 percent of the population; how-
ever, C. vidua became established later in the sequence.
Cypridopsis sp., Limnocythere sp. cf. L. paraornata, and
D. stevensoni appeared occasionally (see Figure 16.18b).
The taphonomic characteristics indicate low-to-mod-
erate fragmentation and abrasion (10-15 percent); low
authigenic mineralization or coating (circa 10 percent)
characterized the later stages. No stains to light oxi-
dizing conditions also occur, as shown by the redox
index. Adult specimens are the most abundant, al-
though all samples include juveniles of most species
(see Tables 16.4-16.5). Faunal assemblages fluctuated
from Assemblage I to Assemblage III. Assemblage II
characterizes the end of the record. A continuous,
single water cycle is inferred from the sedimentology
and the faunal composition.

Canal Feature 204, exposed on the southern wall
of Trench 305, provided a reference sample (2 cm beb)
and seven canal fill samples (see Figure 16.18c). Sedi-
ments are mostly sandy silt to clay, optimal for mi-
croinvertebrates. Four samples contained ostracodes.
The thick cienega-like deposits were monospecific (1.

the southern wall of Trench 302, pro-
vided a reference sample (2 cm bcb)
and eight canal fill samples with a
very rich and diverse ostracode
record (see Table 16.5). Gravelly
sandy clay to clay characterize the canal. I. bradyi, C.
vidua, Cypridopsis sp., H. brevicaudata, Limnocythere sp.
cf. L. paraornata, and D. stevensoni occurred in this
canal (see Figure 16.18d). Low-to-moderate fragmen-
tation and abrasion (5-25 percent) characterize the
strata, authigenic mineralization and coating are low
(5-10 percent), and the redox index shows no stains
to light oxidizing conditions. At least two water cycles
were identified, based on the sedimentology and fau-
nal composition.

Historic-era Canals

Canal Feature 206 represents historic irrigation
(see Figure 16.19). Feature 206, exposed on the south-
ern wall of Trench 309, provided a reference sample
(2 cm bcb) and two canal fill samples containing a
diverse and rich ostracode fauna (see Figure 16.19;
see also Table 16.5). Fine-grained sediments are op-
timal for microinvertebrates (see Table 16.1). Eight
species occurred throughout the record: I. bradyi, fol-
lowed in abundance by C. vidua, Cypridopsis sp., and
more randomly L. sp. cf. L. paraornata, H. brevicau-
data, D. stevensoni, P. unicaudata, and Ch. arcuata.
Taphonomic parameters show low-to-moderate frag-
mentation and abrasion (5-15 percent), low authi-
genic mineralization (5 percent), and no coating.
Light oxidizing stains are shown by the redox index
(see Table 16.4). The A /] ratios indicate adult-domi-
nated fauna, while the C/V ratios indicate mostly
disarticulated specimens (see Table 16.5). Assemblage
I evolved to Assemblage III during the canal history,
showing a single continuous water cycle.
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Interpretations of Canal Ostracode Records
from the Mission Gardens Locus

Feature 200 is a large Sedentary period Hohokam
canal consisting of two channels ranging in size from
6 m to 2 m wide and 150 cm to 85 cm deep; at least 18
lithostratigraphic units were recorded. The thickness
of the units suggests a permanent flow discharge for
the time the canal was active (0-60 cm). A sudden
change in lithology is associated with a flood event
that capped the canal (approximately 60-130 cm). In
Trench 310, this sequence is evident; in Trench 302,
the thick flood deposit is not recorded.

Ostracodes entered the canal early, as shown in
Figure 16.17a; C. patzcuaro and 1. bradyi established a
community Assemblage I that evolved into Assem-
blage 11, as C. vidua and D. stevensoni developed in
the area between Trench 310 and Trench 302. Ab-
sence of ostracodes in the lower part of Trench 302 is
not easy to explain. The upper part is consistent with
the upper portion recorded in Trench 310. Canal hy-
draulics may be responsible for the trend observed
between the two sites.

Faunal Assemblage I suggests dilute water input.
Tolerance of I. bradyi ranges from 100 to 4,000 mg 1
TDS (Delorme 1989; Palacios-Fest 1994). Therefore,
the salinity range of Feature 200 does not exceed
either limit. The occurrences of P. pustulosa (salin-
ity tolerance 100-600 mg 1! TDS) and D. stevensoni
(50-2,000 mg I'* TDS) indicate canal salinity did not
exceed 600 mg I'' TDS at the beginning of canal op-
eration. P. pustulosa consisted of juveniles, implying
the species did not reach maturity in a harsh envi-
ronment. Salinity increased, but did not exceed 2,000
mg 17, as D. stevensoni established a community in
Trench 310. Its absence in Trench 302 might be a re-
sult of canal hydraulics. The paleosalinity index is in
good agreement with two pulses of dilute water in-
put (see Figures 16.17a-b).

Four features (Features 207, 205, 204, and 201)
provided the view of Protohistoric period activity in
the area. Feature 207 is a small (about 1.45 m wide)
and shallow (about 29 c¢cm) canal consisting of a
single lithostratigraphic unit. Its thickness and
grain-size composition suggest a sustained, moder-
ately slow water flow (see Table 16.2). The ostracode
record is consistent with this interpretation.

Faunal Assemblage IlII dominates the canal his-
tory. I. bradyi entered the canal that was dug into
cienega soils (containing ostracodes as well). Other
species occurred in low proportions, except C. vidua
and D. stevensoni (see Figure 16.18a). Canal opera-
tion probably lasted for a prolonged period, as the
life cycle of D. stevensoni takes over six months, and
this species established a biocenosis (Andrew Cohen,
personal communication 1988). I. bradyi, C. vidua, and

H. brevicaudata tolerate a similar salinity range (100-
4,000 mg I'! TDS), in contrast with P. pustulosa (100-
600 mg I'' TDS) and D. stevensoni (50-2,000 mg 17).
Therefore, it is suggested that salinity did not exceed
the upper limit of D. stevensoni. Absence of adults of
P. pustulosa suggests the species was introduced, but
did not last due to stressful conditions. The paleosa-
linity index is consistent with a permanent freshwa-
ter input (see Figure 16.18a).

Feature 205 is a small, shallow canal, approxi-
mately 60 cm wide and 34 cm deep. Grain size (silty
and sandy clay) suggests an optimal substrate for
establishing a biocenosis (see Table 16.2). The rela-
tively thin sedimentologic sequence consisting of a
lithostratigraphic unit suggests a short-term canal
operation. However, the ostracode assemblage does
not appear to support the interpretation of a short-
term canal operation.

Faunal Assemblage I throughout the record sug-
gests low salinity water input. Transition to Assem-
blage III and then to Assemblage 1II is indicated by
the occurrences of D. stevensoni, and later of C. vidua,
suggesting salinity increased over 2,000 mg 1* TDS
as D. stevensoni disappeared from the record (Delorme
1989; Forester 1991; Palacios-Fest 1994). Only 1. bradyi
and C. vidua occurred toward the end of the canal
history (see Figure 16.18b). The paleosalinity index
and grain-size diagrams are consistent with increas-
ing salinization and decreasing water flow.

Feature 204 is a large canal approximately 2.25
m wide and 60 cm deep, consisting of a single litho-
stratigraphic unit with manganese stains at the base
and at 36-37 cm from the base. The thick sedimento-
logic sequence suggests a long and continuous canal
operation. The canal was dug into the cienega de-
posit. Moderately fast-flow input characterized this
canal. The faunal assemblage is limited to I. bradyi
and C. vidua. I. bradyi dominates the sequence (As-
semblage 1), and C. vidua became established for a
short interval. Two pulses of moderately saline wa-
ter and fresh water are indicated by the paleosalin-
ity index (see Figure 16.18c). The occurrence of two
saline-tolerant species (100-4,000 mg 17) at the initial
stages of water discharge suggests water flow was
moderately slow (C. vidua prefers slow-moving wa-
ter) (Delorme 1989; Palacios-Fest 1994). Increasing
flow velocity is indicated by the occurrence of a
monospecific Assemblage I in the upper part of the
record (see Figure 16.18c).

Feature 201 is a medium-to-large canal (some 1.4
m wide and 80 cm deep) dug into the cienega de-
posit, consisting of eight lithostratigraphic units.
Moderately fast water flow, which gradually de-
creased, is suggested by the thickness and grain-size
composition of the unit (see Table 16.2). A continu-
ous ostracode record also suggests long-term canal



operation (see Figure 16.18d). Faunal Assemblage I
(I. bradyi) dominates the sequence. C. vidua is also
significant and indicates a transition from Assem-
blage I to Assemblage Il during operation of the canal.
A stable community settled in the canal, allowing D.
stevensoni to establish as the flow velocity decreased.
Moderately saline water entered the canal. Salinity
did not exceed 3,000 mg 1 TDS (maximum tolerance
of H. brevicaudata) (Forester 1991). Through time, sa-
linity decreased due to a constant freshwater input
favoring the settlement of D. stevensoni, suggesting a
salinity range no greater than 2,000 mg 1* TDS. Both
the paleosalinity index and the grain-size diagrams
are consistent in suggesting two water cycles—the
first short, the second prolonged (see Figure 16.18d).

Canal Feature 206 was used during historic times.
It is a small- to medium-sized canal (roughly 1.3 m
wide and 16 cm deep) — dug into the cienega deposit
and truncated by the plowzone — consisting of two
lithostratigraphic units. The thicknesses and grain-
size compositions of the units indicate a moderately
slow discharge (see Table 16.2). The ostracode record
suggests continuous canal operation. Assemblage I
evolved into Assemblage III. I. bradyi dominates the
history of the canal, but C. vidua, Cypridopsis sp., and
D. stevensoni are also significant, and they increase
in abundance toward the end of the record. H. brev-
icaudata, L. sp. cf. L. paraornata, P. unicaudata, and Ch.
arcuata were introduced, but did not settle (see Table
16.5). For D. stevensoni to settle implies that the canal
was active for a prolonged period, perhaps longer
than six months, and that salinity did not exceed 2,000
mg I (Delorme 1989; Palacios-Fest 1994). The pa-
leosalinity index is consistent with a permanent,
moderately freshwater input during canal operation
(see Figure 16.19).

Summary

The ostracode records of canals in the Mission
Gardens locus contribute new information about pre-
historic Hohokam, Protohistoric, and Historic irriga-
tion. Protohistoric canals are documented for the first
time in the Tucson Basin. Further, ostracodes dem-
onstrate that canal Feature 200, thought to be fed by
groundwater due to its deep profile, received dis-
charge from the Santa Cruz River. Two trenches were
sampled, showing similar ostracode assemblages;
however, they differ in terms of a faunal gap recorded
at the base of the canal in Trench 302. As suggested
earlier, the gap may have resulted from canal hydrau-
lics controlled by changes in canal gradient and
shape.

Despite the apparent fluvial origin of ostracodes,
this interpretation could be tested by conducting
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stable isotope shell chemistry analysis of the shells
of I. bradyi. Stable isotopes from the carbonate shells
record the water source signal. David Dettman (per-
sonal communication 2004) proposes the possibility
of identifying and quantifying the origin of hydro-
logic variations in response to seasonal or climatic
changes, or of distinguishing between surface and
groundwater origin, based on the §'*0 and "C val-
ues of ostracode valves.

The canal faunal association is consistent with
previous findings at Las Capas (Palacios-Fest 2001;
Palacios-Fest and Davis 2006) and at the San Agustin
Mission (see above). The faunal composition is simi-
lar, suggesting a not surprising similar source of
water to the canals. Additionally, I. bradyi is the most
abundant species across the site, followed by C. vidua
and D. stevensoni, representing three assemblages (1.
bradyi-dominated, I. bradyi/ C. vidua-dominated, and
I. bradyi/ C. vidua/D. stevensoni-dominated). Other
species appeared and disappeared at several inter-
vals. The interpretation is that canals at the Mission
Gardens were characterized by a prolonged opera-
tion and constant input, keeping salinity relatively
low, below 2,000 mg 1.

The study of ostracode records of canals in the
Mission Gardens locus provided new insights on
canal operations through time. The strong presence
of L. bradyi suggests all canals were river-fed; how-
ever, this species may also occur in wetlands. There-
fore, it is suggested that future research include car-
bon and oxygen isotope analysis of ostracode shells
to definitively determine water sources.

CONCLUSIONS

The results of this study may be summarized in
terms of seven major conclusions that highlight the
relevance of ostracode research in archaeology.

(1) The history of canal irrigation in the Tucson

Basin goes back to 3500 years B.P.

(2) Early Agricultural period canal irrigationwas
simple, similar to that recorded for the same
time interval at Las Capas (Palacios-Fest et al.
2001).

(3) Canalirrigation during the Hohokam periods
was complex; the ostracode record demon-
strates the Hohokam mastered water manage-
ment. Multiple cycles of canal flow, implying
operation of headgates, were common dur-
ing Hohokam time.

(4) Post-Hohokam canal irrigation was again ap-
parently less sophisticated. Protohistoric and
Historic canals were generally smaller and
consisted of a single stratigraphic unit; canal
operation was prolonged.
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(5) Canal histories may not have been exactly as (6) Ostracodes are a powerful tool with which to
the cycles inferred in this study. For example, reconstruct anthropogenic activities in the
the changes recorded within the canals may Santa Cruz Valley and the Tucson Basin.
represent independent events following canal (7) Future research on ostracode paleoecology
clean-outs. However, the interpretation con- should include geochemical techniques to
ducted here is our best approximation for measure trace elements and stable isotopes for
understanding canal operation and the evo- paleoclimatic and water source reconstruc-
lution of water management technology by tions.

ancient societies.
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Continued.
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Table 16.4. Biological contents and taphonomic characteristics of ostracode samples, AZ BB:13:481 (ASM).

Fossils Taphonomy
g
g
5 g
igraphi g g £ £ & 3 £ L
den 3 3 £ 32 % T 5 § o» Z
Locus/ from base j_.z :z 2 a g ,% §D é § -
Sample ID Number of canal) o = &m 0O = U i) < &5 S & Color
Congress Street/ Brickyard
DA-RNAS8-212-144-1 -2 - - - - - - - - - -
DA-RNA8-212-144-2 4 - - - - - - - - - - - -
DA-RNAS8-212-144-3 17 - - - - - - - - - - - -
DA-RNAS-212-144-4 27 - - - - - - - - - - - _
DA-RNAS8-212-144-5 35 129 8 - - - - 15 10 0 0 0 Clear
DA-RNA8-212-144-6 45 9 3 - - - - 10 5 0 0 0 Clear
DA-RNAS8-212-144-7 60 4 7 - - - - 15 5 0 0 0 Clear
DA-RNAS8-212-144-8 72 - 1 - - - - 15 5 0 0 0  White
DA-RNAB8-267-152-1 -2 - - - - - - - - - - - -
DA-RNA8-267-152-2 2 - - - - - - - - - - - -
DA-RNAB8-267-152-3 16 - - - - - - - - - - - -
DA-RNAS8-267-152-4 30 - - - - - - - - - - - -
DA-RNA8-267-152-5 50 - - - - - - - - - - - -
DA-RNA8-Block 5-143-1 2 - - - - - - - - - - - -
DA-RNA8-Block 5-143-2 2 - - - - - - - - - - - _
DA-RNAS8-Block 5-143-3 11 - - - - - - - - - - - -
DA-RNA8-Block 5-143-4 22 - - - - - - - - - - - -
DA-RNA8-260-149-1 2 - - - - - - - - - - - _
DA-RNA8-260-149-2 4 - - - - - - - - - - - _
DA-RNA8-260-149-3 15 - - - - - - - - - - - -
DA-RNA8-260-149-4 21 - - - - - - - - - - - _
DA-RNAB8-260-149-5 27 - - - - - - - - - - - -
DA-RNAB8-260-149-6 35 114 1 - - - - 10 5 0 0 1 Light orange
DA-RNA8-260-149-7 45 - - - - - - - - - - - _
DA-RNA8-253-146-1 2 - - - - - - - - - - - -
DA-RNAB8-253-146-2 3 56 22 - - - - 10 5 0 0 0 Clear
DA-RNAS8-253-146-3 14 66 14 - - - - 5 5 0 0 0 Clear
DA-RNA8-253-146-4 34 10 6 - - - - 15 5 0 0 1 Light orange
DA-RNA8-253-146-5 50 - - - - - - - - - - - _
DA-RNA8-253-146-6 68 - - - - - - - - - - - _
DA-RNA8-253-147-1 5 74 86 - - - - 10 5 0 0 0 Clear
DA-RNA8-253-147-2 17 8 16 - - - - 30 10 0 0 1 Light orange
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Table 16.4. Continued.

Fossils Taphonomy
8
g
2 g
Stratigraphic g ) -“§ é E g 'é 'qg
Levelg(crrr: 5 g g §o A § g .5 b & >>5<
Locus/ from base g % 2 g g % §D g é g <
Sample ID Number of canal) c = & O B U i) < 5| v & Color
DA-RNA8-253-148-1 2 - - - - - .
DA-RNA8-253-148-2 4 - - - - - - - - - -
DA-RNA8-253-148-3 15 78 5 - - - - 15 5 0 0 0 Clear
DA-RNAS8-253-150-1 -2 4 3 - - - - 0 0 0 0 0 Clear
DA-RNAS8-253-150-2 2 - 14 - - - - 15 10 0 0 0  White
DA-RNA8-253-150-3 19 8 16 - - - - 5 5 0 0 0 Clear
DA-RNAS8-258-153/154-1 -2 14 7 - - - - 10 5 0 0 0 Clear
DA-RNAS8-258-153 /154-2 5 127 14 - - - - 10 5 0 0 0 Clear
DA-RNAS8-258-153/154-3 13 - 1 - - X - 25 5 0 0 0  White
DA-RNAS8-258-153/154-4 21 4 11 - - X - 25 5 0 0 0 Clear
DA-RNAS8-203-140-1 -2 - - - - - - - - - - - -
DA-RNA8-203-140-2 3 - - - - X - - - - - - -
DA-RNAS8-203-140-3 10 27 - - - X - 10 5 0 0 0 Clear
DA-RNAB8-203-140-4 16 - - - - X - - - - - - -
DA-RNA8-203-140-5 22 - - - - X - - - - - - _
DA-RNAS8-203-140-6 30 1 2 - - X - 20 10 0 0 0 Clear
DA-RNA8-203-140-7 34 2 - - - X - 5 5 0 0 0 Clear
DA-RNA8-203-140-8 39 4 2 - - X - 10 5 0 0 0 Clear
DA-RNAS8-201-139-1 2 - - - - - - - - - - -
DA-RNAS-201-139-2 2 - - - - - - - - - -
DA-RNA8-201-139-3 9 - - - - - - - - - - - -
DA-RNAS-201-139-4 14 - - - - - - - - - - -
DA-RNA8-201-139-5 23 - - - - - - - - - - - -
DA-RNA8-201-139-6 27 - - - - - - - - - - - -
DA-RNAS8-201-139-7 36 - - - - - - - - - - - -
DA-RNA8-201-139-8 40 - - - - X - - - - - - -
DA-RNA8-201-139-9 45 - 2 1 - X - 100 40 0 0 0 White
DA-RNAS8-201-139-10 52 4 - - - X - 70 30 0 0 2 Orange
DA-RNA8-201-139-11 59 227 13 - - X - 15 10 0 0 1 Light orange
DA-RNA8-201-139-12 63 54 - - - X - 5 5 0 0 0 Clear
DA-RNAS8-201-139-13 71 15 3 - - - - 5 5 0 0 0 Clear
DA-RNA8-202-138-1 -2 7 - - - X - 0 0 0 0 0 Clear
DA-RNA8-202-138-2 4 398 14 - 8 - - 15 5 0 0 1 Light orange
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Table 16.4. Continued.

Fossils Taphonomy
g
=
e
Stratigraphic %Uj 9 § % ;qg; g -5:5 c '% §
Level (cm S & g & A g g 2 2 2
Locus/ from base _.g % i;) g :Es § go g ?, k= <
Sample ID Number of canal) d = & 0 & & ) < iz S & Color
DA-RNA8-202-138-3 18 344 23 - 8 - - 10 5 0 0 1 Light orange
DA-RNA8-202-138-4 28 5 - - X - 0 0 0 0 0 Clear
DA-RNAS8-202-138-5 36 29 8 - 3 X - 15 10 0 0 1 Light orange
DA-RNA8-219-141-1 -2 - - - - - - - - - - - -
DA-RNA8-219-141-2 10 - - - - - - - - - - - -
DA-RNAS8-219-141-3 26 - - - - - - - - - - - -
DA-RNA8-206-142-1 2 13 1 - 1 - - 10 5 0 0 0 Clear
DA-RNA8-206-142-2 6 28 - - - - - 10 5 0 0 0 Clear
DA-RNA8-206-142-3 12 70 5 - - X - 10 5 5 5 1 Light orange
DA-RNA8-206-142-4 21 92 1 - 1 X - 5 5 5 5 1 Light orange
DA-RNA8-206-142-5 50 39 1 - - - - 5 5 5 0 1 Light orange
DA-RNAS8-206-142-6 64 9 2 - - X - 5 5 0 0 0 Clear
DA-RNAS8-215-139-1 -2 - - - - - - - - - - - -
DA-RNA8-215-139-2 2 - - - - - - - - - - - -
DA-RNAS8-215-139-3 11 - - - - - - - - - - - -
DA-RNA8-215-139-4 18 25 - - - X - 15 15 15 10 1 Light orange
DA-RNA8-215-139-5 26 131 - - - X - 10 20 15 10 1 Light orange
DA-RNA8-215-139-6 33 23 12 - - X - 10 10 5 5 1 Light orange
DA-RNA8-215-139-7 40 187 26 - - X - 10 10 5 5 1 Light orange
DA-RNA8-215-139-8 45 10 - - - X - 5 0 0 0 0 Clear
DA-RNAS8-215-139-9 50 505 29 - 2 X - 5 5 0 0 0 Clear
DA-RNA8-220-141-1 -2 - - - - - - - - - - - -
DA-RNA8-220-141-2 10 130 2 - - X - 15 15 10 10 2 Orange
DA-RNA8-220-141-3 26 - - - - - - - - - - - -
DA-RNA8-265-151-1 -2 - - - - - - - - - - - -
DA-RNA8-265-151-2 4 - - - - - - - - - - - -
DA-RNA8-265-151-3 25 14 - - - X - 10 10 0 0 0 Clear
DA-RNA8-265-151-4 35 - 2 - - - - 50 50 0 0 0  White
DA-RNA8-265-151-5 48 253 3 - 4 X - 10 10 0 5 0 Clear
DA-RNA8-265-151-6 54 82 3 - 3 X - 10 10 0 0 1 Light orange
DA-RNA8-265-151-7 63 15 - - - X - 5 5 0 0 0 Clear
DA-RNA8-265-151-8 71 2 1 - - - - 10 5 0 0 0 Clear

DA-RNAB8-265-151-9 82 - - - - - - - - - - - -
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Table 16.4. Continued.

Fossils Taphonomy
£
£
£ s
0 q 0 S = x
Stratigraphic %u)) 9 § % % § g c '% 'qé
Level (cm 2 2 8 S A o % g § %D ~

Locus/ from base % R 8>\ = ,LE &b E g E _qco)

Sample ID Number of canal) ©c = &€ O = O i3 < 3| O ~ Color
DA-RNA8-265-151-10 86 4 2 - - X - 30 10 0 0 0 Clear
DA-RNA8-255-154-1 -2 - - - - - - - - - - - -
DA-RNAS8-255-154-2 5 - - - - - - - - - - - -
DA-RNAS8-255-154-3 13 159 - - - - - 10 10 0 0 0 Clear

San Agustin Mission
DA-RNA2-3-1 1 - - - - X - - - - - - -
DA-RNA2-3-2 8 - - - - X - - - - - - -
DA-RNA2-3-3 -5 - - - - X - - - - - - -
DA-RNA2-3-4 2 - - - - X - - - - - - -
DA-RNA2-3-5 9 - - - - X - - - - - - -
DA-RNA2-9-1 -2 2 1 - - - - 0 0 0 0 0 Clear
DA-RNA2-9-2 5 1 - - - - - 10 10 10 0 1 Light orange
DA-RNA2-9-3 16 99 16 - 6 - - 10 0 0 0 1 Light orange
DA-RNA2-9-4 22 74 6 - 5 - - 10 5 0 0 1 Light orange
DA-RNA2-53-1 0 2 1 - - X - 10 5 0 0 1 Light orange
DA-RNA2-53-2 2 2 2 - - - - 10 5 0 0 1 Light orange
DA-RNA2-53-3 12 2 1 - - X - 0 5 0 0 0 Clear
DA-RNA2-53-4 2 - - - - - - - - - - - -
DA-RNA2-53-5 12 1 6 - - - - 0 5 5 0 1 Light orange
DA-RNA2-53-6 0 1 1 - - - - 50 20 0 30 1 Light orange
DA-RNA2-53-7 2 - - - - - - - - - - - -
DA-RNA2-53-8 17 6 1 - - - - 30 10 0 5 1 Light orange
DA-RNA2-53-9 27 1 - - - - - 0 5 0 5 1 Light orange
DA-RNA2-53-10 2 - - - - - - - - - - - -
DA-RNA2-53-11 9 19 7 - - - - 25 10 0 5 0 Clear
DA-RNA2-53-12 0 - - - - - - - - - - - -
DA-RNA2-53-13 2 2 1 - - - - 0 5 0 0 0 Clear
DA-RNA2-53-14 11 5 1 - - - - 15 5 0 5 0 Clear
DA-RNA2-127-1 -6 - - - - - - - - - - - -
DA-RNA2-127-2 1 1 - - - - - 0 10 0 0 1 Light orange
DA-RNA2-127-3 11 1 - - - - - 30 15 10 0 0 Clear
DA-RNA2-127-4 13 - - - - - - - - - - - -

DA-RNA2-127-5 18 - - - - - - - - - - - -
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Table 16.4. Continued.

Fossils Taphonomy
g
5
2
y 5 & 8 - .
Stratigraphic %UJ) ” § “E % § § c '% ’qé
Level (cm § § 2 &% 8 £ g S 7 -3

Locus/ from base E 7 < 8>\ g 2 &b g E ! —q%

Sample ID Number of canal) o = & O = Jd ) < =5 O ~  Color
DA-RNA2-137-1 30 . .
DA-RNA2-137-2 1 2 1 - - - - 0 5 0 0 0 Clear
DA-RNA2-137-3 7 3 2 - - - - 30 5 0 0 0 Clear
DA-RNA2-137-4 1 - - - - - - - - - - o
DA-RNA2-137-5 16 - 1 - - - - - - - - - -
DA-RNA2-137-6 22 301 - - - - 5 10 0 0 0 Clear
DA-RNA2-137-7 26 - 1 - - - - - - - - - -
DA-RNA2-137-8 32 10 3 - - - - 15 10 0 0 1 Light orange
DA-RNA2-137-9 37 67 17 - - - - 20 15 10 10 2 Orange
DA-RNA2-137-10 42 46 6 - 1 - - 20 10 5 10 1 Light orange
DA-RNA2-137-11 47 36 10 - - - - 10 10 0 5 0 Clear
DA-RNA2-137-12 51 56 15 - - - - 10 10 0 0 0 Clear
DA-RNA2-137-13 53 6 3 - - - - 40 20 30 15 2 Orange
DA-RNA2-137-14 56 6 - - - - - 30 10 30 10 2 Orange
DA-RNA2-137-15 62 54 5 - - - - 15 10 30 15 2 Orange
DA-RNA2-137-16 59 79 6 - - - - 15 15 10 10 2 Orange
DA-RNA2-137-17 65 81 14 - - - - 10 10 10 10 0 Clear
DA-RNA2-137-18 69 92 10 - - - - 10 10 10 10 3 Brownish-

orange

DA-RNA2-137-19 75 38 10 - - - - 10 10 0 0 0 Clear
DA-RNA2-137-20 61 10 4 - - - - 15 15 10 5 0 Clear
DA-RNA2-137-21 66 7 3 - - - - 15 15 10 10 1 Lightorange
DA-RNA2-137-22 72 57 4 - - - - 10 10 5 5 1 Light orange
DA-RNA2-137-23 76 80 2 - - - - 10 10 10 10 0 Clear
DA-RNA2-137-24 81 62 13 - - - - 5 5 0 0 0 Clear
DA-RNA2-137-25 84 79 7 - - - - 5 5 0 0 0 Clear
DA-RNA2-137-26 100 74 13 - - - - 15 10 5 5 0 Clear
DA-RNA2-137-27 -59 - - - - - - - - - - - -
DA-RNA2-137-28 -48 - - - - - - - - - - - -
DA-RNA2-137-29 38 - - - - - - - - - - -
DA-RNA2-137-30 28 - - - - - - - - - -
DA-RNA2-137-31 18 27 2 - - - - 0 10 0 0 0 Clear

DA-RNA2-Cienega
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Table 16.4. Continued.

Fossils Taphonomy
£
5
2
Stratigraphic %u)) 9 § % % é *E c '% 'qé
Level (cm 2 2 8 5 A o % g %» %D =
Locus/ from base % 5 = 8% '§ ,Lz 50 g ‘g “é _qco)
Sample ID Number of canal) o > & O = 4 ) < == O e~  Color
Mission Gardens
DA-RNA11-310-200-1 -5 53 6 - - - - 5 0 0 0 0 Clear
DA-RNA11-310-200-2 0 3 - - - - - 15 0 0 0 0 Clear
DA-RNA11-310-200-3 6 5 - - - - - 20 0 0 0 0 Clear
DA-RNA11-310-200-4 15 68 3 - - - - 15 5 0 0 0 Clear
DA-RNA11-310-200-5 36 110 6 2 - - - 20 10 0 0 0 Clear
DA-RNA11-310-200-6 43 104 10 - - - - 15 15 0 0 0 Clear
DA-RNA11-310-200-7 7 3 1 - - - - 20 5 0 0 0 Clear
DA-RNA11-310-200-8 23 14 2 - - - - 20 10 0 0 0 Clear
DA-RNA11-310-200-9 13 - 2 - - - - - - - - - -
DA-RNA11-310-200-10 52 - - - - - - - - - - - -
DA-RNA11-310-200-11 12 54 6 - - - - 20 10 0 0 0 Clear
DA-RNA11-310-200-12 40 6 3 - - - - 0 0 0 0 0 Clear
DA-RNA11-310-200-13 18 - - - - - - - - - - - -
DA-RNA11-310-200-14 70 - - - - - - - - - - - -
DA-RNA11-310-200-15 90 - - - - - - - - - - - -
DA-RNA11-310-200-16 109 - - - - - - - - - - - _
DA-RNA11-310-200-17 129 - - - - - - - - - - - -
DA-RNA11-310-200-18 75 - - - - - - - - - - - -
DA-RNA11-300-207-1 -5 2 - - - - - 50 30 0 0 0 Clear
DA-RNA11-300-207-2 0 27279 - - - - 15 10 0 0 1 Light orange
DA-RNA11-300-207-3 15 272 60 - 1 - - 15 10 0 0 1 Light orange
DA-RNA11-300-207-4 25 135 48 - - - 2 15 10 0 0 1 Light orange
DA-RNA11-307-205-1 -2 22 9 - - X - 10 0 0 0 0 Clear
DA-RNA11-307-205-2 6 73 27 - - X - 10 10 0 0 0 Clear
DA-RNA11-307-205-3 10 166 45 - 1 X - 5 15 10 10 1 Light orange
DA-RNA11-307-205-4 13 55 32 - - - - 15 15 10 10 1 Light orange
DA-RNA11-307-205-5 27 26 6 - - X 6 10 10 5 0 1 Light orange
DA-RNA11-302-200-1 -2 14 3 - - X - 20 5 0 0 1 Light orange
DA-RNA11-302-200-2 2 - 1 - - X - 0 0 0 0 0  White
DA-RNA11-302-200-3 25 - - - - - - - - - - - -
DA-RNA11-302-200-4 29 - - - - X - - - - - - -
DA-RNA11-302-200-5 15 - 1 - - X - 0 0 0 0 0  White

DA-RNA11-302-200-6 8 - - - -
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Table 16.4. Continued.

Fossils Taphonomy
g
5
)
-
o g 2 2 = § 8
Stratigraphic .2 " § = % E £ < = E
Level (cm S § 8 & 2 £ g 3 [ %D P
Locus/ from base g g < a g < 0 _‘g 3] § <
Sample ID Number of canal) o) S &£ O = O & < & J & Color
DA-RNA11-302-200-7 21 - - - - - - - - - - - -
DA-RNA11-302-200-8 33 14 - - X 5 0 5 1 Light orange
DA-RNA11-302-200-9 42 8 2 - - X - 0 0 0 0 0 Clear
DA-RNA11-302-200-10 57 4 - - - X - 10 10 0 0 0 Clear
DA-RNA11-302-201-1 -2 26 - - - X - 5 5 0 0 0 Clear
DA-RNA11-302-201-2 2 325 20 - - X - 25 15 0 0 0 Clear
DA-RNA11-302-201-3 9 277 4 - - X - 15 10 10 5 1 Lightorange
DA-RNA11-302-201-4 21 44 - - - X - 15 10 0 0 1 Light orange
DA-RNA11-302-201-5 35 526 68 - - X - 15 10 0 0 0 Clear
DA-RNA11-302-201-6 62 73 14 - - X - 10 10 10 10 1 Light orange
DA-RNA11-302-201-7 65 337 31 - - X - 10 10 10 10 1 Light orange
DA-RNA11-302-201-8 71 371 12 - - X - 10 10 10 10 1 Light orange
DA-RNA11-302-201-9 80 342 49 - - X - 10 10 10 10 1 Light orange
DA-RNA11-309-206-1 -3 8 4 - - X - 5 5 5 0 1 Light orange
DA-RNA11-309-206-2 3 222 281 - - X - 15 10 0 0 1 Light orange
DA-RNA11-309-206-3 14 87 264 - - X - 15 10 5 0 1 Light orange
DA-RNA11-305-204-1 -25 6 - - - - - 5 5 5 5 0 Clear
DA-RNA11-305-204-2 2 - 1 - - X - 0 0 0 0 0  White
DA-RNA11-305-204-3 2 33 6 - - - - 10 5 5 5 2 Orange
DA-RNA11-305-204-4 15 7 4 - - - - 5 5 0 0 1 Light orange
DA-RNA11-305-204-5 23 - 4 - - - - 70 30 0 0 0  White
DA-RNA11-305-204-6 28 - - - - - - - - - - - -
DA-RNA11-305-204-7 40 7 4 - - X - 15 10 0 0 1 Light orange
DA-RNA11-305-204-8 51 - - - - - - - - - - - -
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