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IntrOdUCUOI’] ResearCh Obj eCtlveS Soil property means for field, border, and control soils ConCIUSIOnS
A'soil study was condcted af the Las Capas-* [ R S Soil property Field  Border Control Impr_oved soll fertility In thg Las Capas irragric soils indicates that the ancient
9 R0 dn S | 60 | Bl farming system was sustainable
archaeological site in order to document effects of irrigation on aaricultural e p—— 160 147 131 g sy ;
and evaluate the soil productivity and 9 9 Organic carbon (%) 051 046 073 ® Long-term indicators of agricultural soil quality indicate that anthropogenic changes
hydraulic soil properties of this ancient soil quality illiore 177 A e T were generally favorable for agricultural production, with fields having significantly
agricultural irrigation complex in the A . . : Calrkf"”:”'”‘;ge” ratio 79 92-0 LS o . . " q 1able bh " ok i T
ST g T TS i gy T Model hydraulic soil properties Calcium carbonate (%) 149 129 109 elevated organic carbon, nitrogen, and available phosphorus levels relative to the
Sk ' + Al - - Available phosphorus (mg/ke) LI N S borders, at levels comparable to uncultivated control soils.
This site presented an unprecedented ® Determine if ancient agriculture Total phosphorus (mg/kg) 1197 1086 1526 ’ | | AT | -
opportunity to study the complete degraded soil qualit Calcium (mg/kg) 1816 1762 841 Canals supplied nutrient-rich silt and clay that renewed soil fertility, enough to
configuration a“ddeVO'Ut'On C;ftheho'%est 4 y . “;Lg/)kg) — counter losses caused by crop uptake, volatilization, leaching, and oxidation.
irrigation system documented in the Unite ® Assess aaricultural sustainabilit odium {mg/kg) ” . : .
e T T e TS e o e g N _ y ZO(IjIludm aqtsorp/tlon3 15.333 15.228 1zs.297 SAR Iev_els, though elevated In _th_e fle_lds, are far below Ievgls_ detrimental to crop
old. The Las Capas site is significant of the Las Capas Irrigation system S:nd (;”;'r:(i;?rlm " — - production. Properly managed irrigation water reduces salinity through leaching.
archaeologically for a number of reasons, Silt (0.05 mm - 2 um, %) ss 57 s3 ® Subterranean erosion (piping) was likely a factor in field abandonment. Natural
enE M O aRta R G o e b Clay (<2 um, %) 3L 23 3 floodplain sediments at the site are highly dispersive and are very prone to piping.
of the Early Agricultural period irrigation Meth Od S R —— Silty clay ~ Silt  Silty clay
systems represented at the site, (2) the fact ©Em | e | Ieers
tzat irrigatlioon systems dated to cfiﬁ)‘erent ®A total of 238 soil samples were collected SO et (szwater/cmzsml_) T el v
times are separated stratigraphically within and analyzed: 116 soil Samples from Field ca.pauty (3cm Water/acm.son) 035 030 0.36
the site, and (3) the fact that extensiveand ¢ tivated fields, 93 from field borders, and il wster (o waoromsol) 028 047 010
well-preserved gridded irrigation features 20 from uncultivated controls Saturated hydraulic conductivity (cm/hr)  0.54  0.86 0.41
were identified in the field by mechanical '
stripping and then sampled. The *Samples were collected from all strata
stratigraphic separation and abundant where evidence of Early Agricultural period
cultlva!ted |rr|gat|qn plots facilitated soil irrigation was identified. These included: Lo il o ol
sampling so that field, border, and _ ; o T : . .

, (1) Stratum 504 (~800-575 B.C.); (2) H (1:1 soil-wat A cross section of an infilled irrigation canal is shown below. Field borders are demarcated by white lines (right). The
uncultivated control samples could be 05 pH (1:1 soil:water) ey or of th R R e S A Y A Rt o 9 . e i
Compared R rear ol e S Stratum 505 ("'Ca. 950/925_800 BC)’ and I darker COh OFE e cfu IfYBICiebSO(:Ils Wwithin the Dor ersdlsbcause .yh € nigher Clay and organic matter content. e
anthropogenic effects of agriculture on soil ~ (3) Stratum 506 (~1225-950/925 B.C.). 00 ] ow earthen-berm of.a field borderwas reconstructed;{bottom right).
quality in the irragric soils. Long-term *nH, total and organic carbon (C), nitrogen y E Results
indicators of agricultural soil quality, such as N) C:N : ICi b CaCO 8.5 i _ _ i !
organic carbon, nutrient content, and ( ),_ :N ratio, calcium carbonate (CaCO,), ‘ ®* Most soils are moderately (pH: 7.9-8.4) or slightly (pH: 7.4=7.8) alkaline, levels suitable for
hydraulic soil water properties, indicate that avallable and total phosphorus (P), 80 | T l | maize cultivation. Soil pH differences between the field, border, and control soils are
anthropogenic changes were favorable for ~ calcium (Ca), potassium (K), sodium (Na), ‘ l insignificant.
agricultural production and that the Las sodium adsorption ratio (SAR), bulk " ® Significant differences were identified in the organic C and N levels of the field-border,
Capas irrigation system was sustainable. density, and particle-size analyses were o field-control, and border-control comparisons. Organic C averages 0.51% in the fields,
Canals regularly supplied water to the fields, completed B P B0 F G A B DB D F ) F A 0.46% in the borders, and 0.73% in the uncultivated controls. N is significantly elevated in
but they also supplied nutrient-rich KB ' & A R e the fields (0.072%) relative to the borders (0.057%) and highest for the controls (0.076%).
sediments that continually renewed soil -l1eS1S were used 1o evaluate statistica : : Nee A : : :

PR W e Counte‘; I A 8 Jiff het fiald. bord ] Soil pH in most strata and loci is below 8.5. ® C:Nratios are significantly lower in the fields (7.9) and borders (9.0) relative to the

o ekl e AL D PR Ol C LR o A controls (9.8), a positive effect of irrigation agriculture for crop productivity. Lower C:N

resulting from crop uptake, volatilization . . ; Cultivating maize in soil with pH 8.5+ would be _ _ :
. 00, i : uncultivated control solls of different T 4 e levels are usually favorable for crop production because more N is available to crops.

leaching, and oxidation. Fields have : risky and likely to reduce crop productivity. . LT | . . .
significantly elevated organic carbon, strata and locil. ® Available P is significantly elevgte(_j in the fields (7.4_r mg/kg) relative to the borders (6.0
nitrogen and available phosphorus levels mg/kg), and the borders have significantly less available P than the controls (7.7 mg/kg).
relative to the borders, at levels that are None of the Las Capas soil samples have available P levels below 2 mg/kg, so there is no
slightly below but comparable to the control R evidence of P deficiency.
soils. Sodium and sodium adsorption ratios, o om ATVE STRATIGRAPRIC COLUMNATLAS CAPAS SITE LGRS ° Ca, Mg, and Na levels are elevated in the fields and borders relative to the controls, all at
though elevated in the Las Capas fields, are ot et ot levels well above that required by maize. In addition to their importance as nutrients, Ca
far below levels that could have had a s and Mg serve to moderatie negative effect of high Na levels on crop productivity.
serious detrimental effect on crop S Sas g L1 | Woteraclon i b oy e o * Sodium adsorption ratios (SAR) and Na levels are elevated in the Las Capas fields, but at
prOdUCtion. Rapiddeposition'. increasedﬂpodfrequencyangi/ormagnitude; usually in or immediately ( Stratum 504 ~8OO —_— 730 BC |eve|s far tOO IOW tO affect Cro el X g y

below plow zone; ofen has tick, clean, wht sis p productivity. The highest SAR levels were in the deeper

Floodplain stability, soil formation; often has 10-20cm dark clay-rich horizon at base

strata, possibly due to capillarity above the water table and/or accumulation of Na leached
from above during the later periods of irrigation.

® Sand content is significantly lower in the fields (mean of 11%) and controls (12%) relative

VeryTagkl depoatin,Fgtemagrituda fosde iyt o e s, but vy i (LN to the borders (20%), and clay content is significantly higher in the fields (31%) and
505 may be more than 2m thick'; more topography on surface of this stratum than an’y other \ Stratum 505 "’930 il 800 BC 0 . 0 2 0 - 5
1 sk ofton e oo ek i 05 controls (29%) relative to the borders (23%). Silt content averaged 58% in the fields and

Dark, clay rich soil

Abundant very thin white silt beds Floodplain stability, soil formation; in
504 many areas can be divided into the

4 substrata shown

| Canada del Oro flood (isolated event); “OranT Sand”

- 7| Coarse, clean sand; not present in all areas; “Red Sand"
Usually silty to silty fine sands, often grades into 505 below

53% In the borders.

®* Bulk densities are about 4-5% higher in the fields (1.33 g/cm?) than the borders (1.28
g/cm?3) and controls (1.27 g/cm?). Compaction at such low levels for the silty textures at
~1220 — 930 BC Las Capas would not have adversely affected crop productivity.

100%

(6«
E i % i 305-01 Floodplain stability, soil formation; darker and more clay than horizons above or below

Stratum 506

Continuation of rapid deposition; high-magnitude floods; similar to 507 below, but redder,

\ usually thin
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Textures (left) are dominated
by silt loams, silty clay loams,

507

Very rapid deposition, high-magnitude floods; light-colored sands, occasional coarse grains : ,'\ : ) :“A“x \ - NlSOO A 1220 ‘ 60% and Sllty C|ayS, a” teXtu res W|th DF:TIS (;vaaris:;?y
Sl | . : high moisture-and nutrient- em3 soil
Small white circles mark the locations of = - S . . |
ey : i o holding properties. Hydraulic m Saturation
conical-shaped planting holes within 20% ' . e Sk (ams water/
: . . e : . 3 : _ . 10% soil properties modeled at rig cm3 soi
cultivated fields. The looser fill of these The complex alluvial history of Las Capas is documented by cycles of geomorphic stability, soil formation, erosion, % (based on %clay and %sand)
holes promoted water infiltration into the  and aggradation over seven centuries (see figures above). Below right is a map showing the layout of the irrigation @*'a‘*”@”"‘;#n;;c;;&‘;&; 6;&*“&;3”@”@@@&‘@”ﬁ%}@”‘day A Sl e T
I | 1 X , 4 h : Q@&ém éb,& s Aty a?:p&’- ¥ s
root zone of silty clay loam soils. canals and the field grids defined by earthen berms. Below left is an aerial photo showing part of Locus D. AT A

..., Ccapacity is relatively.

Concluding Thoughts

®It Is Important for future studies of ancient
iIrrigation systems to search for the agricultural
fields, not just the canals.

°The Las Capas study is an important milestone,
but much more research is needed on ancient
irragric soils of the Southwest. Much less Is

,__\ 8\\ \
\\h _ </ A,* Las Capas
iy i e

Ove ru ) of Project Are
I':- dF elds

Locus F

Legend

AR .
o toraces o known about the anthropogenic effects on
©  rockpiles m\ _ g h g
e (g 8 irragric solils than runoff and rock mulch soils.
Key ‘ not surveyed 9 ;
— Em'ml 4 Canal Ali - prime farmland §‘
o o driginal Pro}tgted A?l)ignment > 35 % rock fragments O(DU A C k n O W I ed g m e n tS
Agricultural Fields/Berms L‘ 8 % S| ope o ‘
Thi d | f First and foremost we thank Pima County for funding this study as part of the Las Capas data recovery.
IS Map presents d moael o prlme We appreciate the help of Jesse South of Desert Archaeology, Inc. (DAI), for collecting soil samples in
farmland in the Tucson Basin area in the field. The aerial photographs were supplied by Henry Wallace of DAI. Soil sample processing and
$ ! . ¥ . L pH and bulk density analyses were conducted by Victoria Sotelo in the Statistical Research, Inc. (SRI)
relation to identified ancient agricultural soil lab in Tucson. Total and available phosphorus (P) were analyzed in the Soil and Plant Testing

Laboratory at lowa State University under the direction of Brian Hill; organic C, Ca, K, Na, SAR, and

| ‘3 F;t ‘"”, features (e'g" canals and terraces). Las calcium carbonate analyses were completed by Mary Jo Schabel at the Milwaukee Soil Lab; particle-
0 240 Ca pas isin ala rge expanse of prime size, total C, and N analyses were completed by the Department of Geography soil laboratory at
(@8 Desert Archacalogy, ) Northern Illinois University under the direction of Dr. Michael Konen. The map of prime farmland was

farmland along the Santa Cruz River. made in collaboration with Dr. Michael Heilen of SRI.
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