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USE OF CHEMICAL COMPOSPTTON O FRESEIWATER CLANMSHIZLLS
A INDICATORS OF PATLEOHYDROLOGKG CONDETTONS
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(A5 yeecived fuly 111068 necepted Cretalier B4 Moty

Absetract. The feazibiity of usiog the Ca, 3lg, awd Srocontad ol freshwader
as ndicators of palechydroio: Loratte varies will
the discharge of Ml Creeles Towa The S5/ v los of chunshelis excavated Trosn American
Bl idden sites near (e Big Sioax River i Plymonth County, fowan (Rimball Site 13
AL 4Y, und the Mhipps site (13 Ok 915 Toented near A Crock i Clerokee: County, fown,
show \i;;m feant chamnges that e beorelatad o changes chimate i the period 000 6 00 AL
tased an the resalls of this fvestigation, the Alkoline earth composition of
probably can be used as s ndicator of peclenlivirobogic conditions,

clinushed

e conditions has been investigated. e S

rostiwaler clns

Froshwater clams have heen reported to incor-  shown thag, in seneral, the concentvatian ol the
porate Ca, Mg, and 5o their shells in proportion various elements deereases with mcreasing dis-
¢e e concentration of these elements in their charge,
environment. Also, some streams have heen shown e of the conditions that must he Tuififled i
t demonstrate marked changes in e tatios of - Uis study is o marked change i the vatios ol the
these elements with strewn discharge, 10 the above

aline earth metals with o change n discharge.
conditions are met, the cdamshells fron American For example, the strontinm-caloium ratios” wmust
fndian middens represent a histovieal vecord of wvary with discharge. Durmn (19000 wad Do
the discharge of the stream from which the cbums and HPaffry (196073 have shown thal some rivers
were collected.  In some cases, midwestern Tndian show marked changes, while otliers show little or
middens represent several hundred vers of occu-  no change in eloment ratios with diseharge. They
pation, and, therefore, this stiedy conld give some report that 1 some stresans (he mulio inereases with
insielt into the refative discharge of the streams o deerease in discharge, while with others, the

near fhe village aver long periods of time. fong- oppostie s The mouth of e A $8173p3L
5 g g I 1
term changes in the discharge of a stream yepre- River shonws signifioun chnnges in varions element

sent Jong-term changes in the climate of its water- cation with  discharge.  Skougstad  and Herr
shed. {1003y fonnd 5o general relatonship Tetween the

This study examined the reliability of the relue Sr/Ca ralio and stream discharge. Flowever, their
tionshipns between shell aued water compasition,  sosdl samples indicated that the jumnes River
water composition and stream discharge, and the  Sonth Dakota aod the Red River of the North i
alkaline earth composition of clamshefls from nid- Northr Dakeota, ot in the general area of the
western Tndian middens and wiidden stratigraphy. prehistorie ndian village sites examined here.
The relationship between water and shell com- show decreasing Sr/C0 ratios with inereased dis-
position is reported elsewhere. charge.  From the limited amount of Hferature

The chemical composition of wany midwestern available, possibly e streams rom which the
streans is determined by the relative contribit- nidden elamis seere derived miny have Heen classed
tions of ground and suriace water.  For many with the strenms that did show chunges inelemen-
streams, ground water vepresents a velalively stahle {:H atios during the time the site was occupied.
hase fow of essentinlly constant chemieal conipo- i othe middens under study are Jocated ou streanis
sition.  Tlows above this base flow are derived im did shiow marked chinges in element ratios,
from surface water of highly variable composition. G

nthe avers Q(’ )mlm\wm, of the streams should
The composition of surface runofi is dependent on E'(‘ﬂ(‘(‘! wet and <y vears,

[requency and intensity of rainfall, scason, 'md Another condition that must he satished is that
the geslogy-geomorphology of the w atershed, The  the clans <‘owm{ tlie alkadine earth metals i their
quantitative aspects of the relationships that gov-  shell in proportion to the composition of the water,
ern the chemical composition of streams as o fune- - There have heen mnmerons studies on the factors
tom of stream discharge are poorly known and will  that influence the relationship hetween maollusk

recwire much  additional stady hefere citable shell and water coamposition. The majority of
] A 1 i 3

models can be developed that can be used Tor these studies have been dovoted to marine mol-
quantitative prediction.  Previous stucies have  lusks. However, Nelson (1903, 19643 has inves-
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shell was not homngencons,  Marked differences
in compasition were observed hetween prismatic,
neripheral, and laminar Jayvers.  Fle also noted
mdividual as well as species differences. The
annmal lapanar Jayers showed signiheant changes
in S content as a fancton of the age of the layer.
Odum (1957 observed a higher Sr/Ca ratio in
the aragonitic inner laver than in the caleitic pris-
matie Inver of & marine mallusk,

Turekinn (1953) reports thae the ratio of Sr
to C'L in C'U‘an’i[c shells is o function of several

variables: 1) the Sv/Ca ratio in the Bauid phase

from wi m.h the solid plese was derived; 2) the
particular prh'mf‘n‘ph {calcite or aragonite} info
which the Sris incorporated 1 33 vital effects of the
organism; 4 temperaiure; and 57 salinity of the
ligquidl phase.

He concdudes that several interrelationships of
these factors are possible. Yor example. the
sSr/Ca ratio s a0 function of polymorph while the
ameount of aragonite is 2 function of temperature.
However, Thompson and Chow (1955% reported
for certain nwrine orginisms constant Sr/Ca ra-
tios within certain taxonomic groups and stated
that temperature, salinity, locality and age of sheil
had no effect on the ratic.  Tn contrast, Swan
(1952 proposed an inverse relationship befween
growth rate and strontinm deposition in bivalve
maliugk sheils.

Turekian and Armsirong (1960, 19011 exam-
ined the composition of fossi] and recent molluscan
shells and reported that the Tossil shells may have
been altered from their original compoesition and
that the {ossils may not he reliable indicatars of
paleoecotogical conditions. Their studies on re-
cent marine moluscan shells show that “the miost
mmportant parameter controllivg the concentration
of these elements [ Mg, St 13(1 o ocaleitm ear-
bonate shells appears to bhe generic association
rather than waler tem I)R‘T"if'\‘nl'(‘ or the caleite-
aragonite ratic of the shell,” DPilley and Hower
(1960 and later Harriss and 14 H\o (19067 in
their studies on the marine sand doilar, Dendraster,
showed that Mg appeared to be irectly relatel
to temperature and sadinity, while 5rowas nversely
related to temperature avd Mo was directly related
to temperature, hut ‘hw‘(* were no stgnilicant rela-
tionships for Na or Feo Lerman (19065:) Tound
that ‘i.J(-B concentration m strontinm i oysier shells
inereases with temperature and  with increasing
Sr/Ca molal ratio In water. Pilkey ml mud('
{1903) reported “weak correlations” helween I
Mg, Mn, %1 ,and T
luske shelis, and water temperature and sadiniiy.

Rucker and Valentine (19075 have 1'(*1;1&1 frace

f

LConCcenirations E)? NETINE n10]-

senib gl Neree o
(1l ‘?()'u) have found that the dc}: HALI0TE
of strontivm in freshwater snail shells 15 related
abmost directly to the concentration of Sr iza their
environment.,  However, Krinsley {1907 studied
the composition of }Ei{(}ml gastropad shells o
found no correlation hetween  magoesion and
caleite f()m'(’nf on maodern Hoeality p()]n‘i'lihnw
Pillkeey woud Harriss (1900} have shown that inter

tulal oysters and barnacles exlubit lnear relation-
ships hetween composition and piling level Tor o
number of (race elements es]'x—:cu ]ly Sroand Ma.
However, Mg did not follow this relationship,
Curtis and Krinsley (JO55) in a paper on the
detection of minor diagenctic alteration in shell
naterial,  conchude, “any
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relationship  hetween
composition: (shelly and ecology must stem Do
51‘;14151 jeal analysis of large populations.”

Based o the Nierature, the chemical COmpsi-
pon of freshwater chunshells mav possibly e an
ndicatar of paleohvdralogic conditions and de-
serves study,

Foxmrmisienyan PROCEDURES AND RESULTS

Anadviical procedires

The caleiun, magnesium, and strontian content
of clamshells and natural waters was determined
by atonne alsorption spectrophotometry (AASY.

Aqueons swnples--Bentley and Tee (1907)
have noted that the calcium concentration of water
samples, as deternined by AAS, is pl dependent,
Therefore, all swoples are fliered to remove par-
ticulate miatter, acidified 1o pHl 1.8 1 38 with
hydrochloric acrd. and analvzed by AAS. A
Perkom-Ehner Corporation maoded 303 azomic ab-
sorplion spectrophotometer was used with fianu-
facturer’s recommended instrament settings ( Per-
Kin-1hmer 10007

Shells—The determination of Ca, g, and S
i shells vequires pretreatment prior to disselving
the shell,
the
fliat separating the central prismatic or luninar
lavers from 11=c aufer periostracum and ioner 1a-
creons ar mother-of-pear] favers. A modification
of the procedures d('\'(*h:pml by Nelson (1904
are aceqgeate prefreatmen for /\:\‘w

The sh V- to
s (0=12 mm wide sections Drov either side

This prewreativent involves separvating
famsheld inf) iy nwrphoiogion] components,

eil 15 cut, nsnl;{ A bandsiow, mio

The cut
surfiees are then polished with Noo 120 C garnet
cloth which reveals in cross-section the suorpho-
ogicad components of the shell

imbo along s longest radius,

and also | giards
agamst diferentiad burning., The section is cleaned
with water wnd hrushed [mcf placed m a drying
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Caven ab 105°C for several hours. The sheil see-
tion s ashed, i an oxidizing atmosphere, dnoa
e furnace for 6 b oat NOCTC, This ashing
destroys the organic suatter and allows for the
separation of the sheil into s varions parts, The
shell ash 13 weighed and recorded as ash weight,
Al data reported for parts of a shell, e, Taminar
lavers, are hased on the ash wewght of the part
The shell ash is covered with distifled water, dis-
sotved in hoiling hydrochioric acid, Oitered, and
analyzed by AAS,

The reliability of the above procedure was de-
termined on a single Jive v‘i'lm'\;hc?i from T.ake
Nashota, Wis, This shell was cut into three equal
sections and treated as deseribed above, The dala
show that Taminar layers Cao My, and Srocouid he
analyzed 1n ﬂm; shell with an error
56L. Thereafte
intervals fo che t]( repraducibility.

Tess U
duplicates were run af regular

I

Relationship of strean discharge and
waler conmpostiio

The determination of changes in the chomiond
composition of streams owing to discharge was
initiated on two midwestern stremns,
tion was established at Mill Creek in north-
western Towa adjacent to a U 50 Arvy Corps of
TFngineers gaging station.  This is also locuated
near the Phipps site (13 CR021), one of the two
nrchistoric villages used in the study of pre-Colum
hian clamsheli

The data for the Sr/Ca and Me/Ca ralios Tor
Mill Creek are presented in Figures 1and 20 re-
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spectively. enz and Sawyer (1944) found that
during extended dry ]w' ods aikalinity was a highly
variahle function of dischurpe,

periods of change or inare

Flowever, during
sedd discharge, alka-

ity decreased i proportion to the increase in
The same pattern s evident fron the
ties of Sr/Ca

discharge,
Ml Creek data Both the atomic va
and Mg /Ca ot Ml Creele s

lovwe flows of less than 35

Above this Gow there s o good nvq.m\v uwyllv
tion, where the atonne ratio of So/Ca has a corre-
'jztt{r.m cocllicient {r) with discharge ol --0.85.
The sume distribution s shown with the Me/Ca
rabio as against discharge, with the
a low of 2.

values helow
5 L‘f‘s‘ heing more evrate tha the Se/Ca
ratios. The
an ool - ——U.?\,.
The M Creck strewm data indicate that there
are bnear chunges in the Sr/Ceand Me/Ca atomic
discharge.  Althouglt pre-
Cobumbian agriculiure swas not s extensive i fand
usage as s practiced today, wlhich may affeet roun-
off paticers,

Mo /G values above this flow vieid

ratios  with  stream

the basic geoinorphology of the area
ciinnal he considersd to hive chunged inodny ap-
preciable wianner in the st 600 veo Therelore,
the relationship hetween stream discharge and

chemicat composition for

Mt Creek bas prohably
changed through time only ag }H'(‘(_‘ipi{:‘di()n has af-
fected the watershed of this stream. Fhis would
Tl the necessary preregquisie for te atitiation

H

af the chronological chomical record o pre-
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Columbian clamshells as ndicitors of padeohy- hon dates availal c for these sites indicate (it the

r,;ro]ogy. Kinshall site (I“) M4y was acciyricd [rom about

_ ADTOU0 to AT 1400 and the | hipps site {13 CN

Mudden sheif Coil position 215 shows an appm\ et thime gy m“v ol ATY 900
Pre-Colnmbian freshwater  clumsholls made 1o 4’\ Ly 1400,

avaifable for (he study of paleohye ol logy came
from selected Tneiay \:11100 sites. These sites,
focated in 11(_11{}1\\ estern Jowa, were selected Spe-
cifically to study various wspects of paleociin-
tology and ecology within g particulir enliural
g!‘r}upill‘r As stated by Baerreis and Bryvson
(19677, “Our objective was to cut g lmited gum-
ber of stratigraphic p.ts monseries of Mill Creek
sites that would permit the eollection of such arldi-
tional ITH(H! wtion refative 1o e questions of oli-

matic change and thay supp.mwnt or enrich the
eartier wd more extensive w orkoon this cultire,

The Mill Creek peoples were part of a move-
mest of primarily agriculiural people out of the
Old Village con uplex of Mississippi culture in
the St Louls area to locations near the north-
ern hmits of  effective maize agricolture  and
then jater providing evidence for withdraw al from
the region as a praballe (‘(Jmc(mcnu of '1111}:11;(?
deterioration ((mﬁm 1961} The character of the
settlement pattern of the M)l L:ecl‘ peoples was
stich that there developed Jarge and dee 1 nndden
depasits,  This made it possible for the archine-

ologists, in a controfled stratigraphic excavation,
to develop discrete ehironol )Ul(ai units covering an
extended period of time, fis allowed for the
separation of the variogs s})o“es of clamshells intg
small units  which re epresented a chronalogical
record of the cha wges in elemental composition
through time, Thus, an internal check could he
made against the other evidence from the excava
tions as to the re Hability of using freshwater el
shells as indicators for climatic change.

Previous studies have been involved with long-
term changes of 1 ;xmonfmow: 1? nature. Tore-

Kian (1955%, Turekian and Armstrong {1961,
and Harriss (1()()5) nmade (,(.JIH§)‘11“>~()I]:: of grab
samples of pre-Columbian clamshells with eon.
tezm')omr\ clamshells (Nelson, 1967). This sy
was formulated o get up a situation where o ededi-
mite chronology existed in order to find out i
changes in the elemental composition of clamshells
took place when expected climatic changes oe-
curred,

The clamshells from two sites were uitlized in
this study. The KimT all site (13 DAL 4 i Tocared
on the banks of the 7 g Stoux River in 1P l\mouth
County at the western hor rder of the state of i lowa,
north of Sioux City, Towa, The seconed  site,
Phipps (13 CK 21), s located on MD Creels, o

tributary of the Little Siony River, in Cherokee
County north of werokee, Towa, The radiocir

The freshwater el nshels Trong tlies e sen Ty
sorted nto groups hased on shell rrnhology. ae-

cording to DRaleer's classifeation (1928, The
identifivations wero M{vr confitmed by M. Van
Der Schajie of e Jniversity of Michigan M
seum of Zoology, i e three fnrgest groups, Che-

drida quadrale, Lawipsilis wentricos, Leptodeg
Trasilis, were segn regated as to site and (\mxfltum
level and then were subjected (o clhensien] aalvsis
for Ca, Sr, andd Mg This inchuded only usabie
clams, ie. those (hat ware complete onough g
identify and {‘;1;);1?)1@ of heing sectioned so that a
sufficient amonnt of {le growth Tavers could be
recovered for chemicn] analysis. - Among the larg-
est group, Quadrula guadrida, the Taniinar Tuvers
from one and, Jor some levels, two shells were
analyzed individually, The trace element distfihy.
tion among the me..n‘ lavers of cach shell shows
a typical het crogencous pattern (A complete get
of .1;11&. I:l;:zncl i this study is available 1on
requesty. If dingencsis had faken place through
solution :“m\'i redeposition, then the hetere agenecus
distribution of trace ciem ents would kot he evie
dent. Numerous studies have been concerned with
changes iu shiell composition due 1o loenl diape-
netic history (Curtis and 'E\'ril‘;\;i(_l_\_-‘ 1965, Terman
1965, (f‘fnh Turelian ane f‘\rmstrmm' "f)(;()

H

19615, Tnall f.m:uv cases the shell, at the death

the organism, remained wi fin an aqueons envi-
ronment while being slowly huried 1, ¥ scdilncni’m'\'
deposition.  This  clien wally  wet enviromment

would remain une hanged ] epeirogenic move-
ments had oecurred to uplift the hottom steata,
Clams were an ntegral part of the die of the
MMl Creek peoples, who gathered them Jive from
adjacent streams or rivers, the shell Betng dis-
carded among the refuse of (he village, This i
torn was buried, with (‘h‘p('}%itinﬂ'tf material, with
refuse accumunlug; WO the site aren ot 4 maximuom
vate of G0 ¢ every 100 yr. Therefore, the clym.
shells were remaved ip 4 dry enviromment which,
unlike a matural de positional site, allows for the
recovery of shell material in Hllkh a condition that
there ig very Hitle probahili ity that dingenesis could
have taken place,  Further a comparison hetwee
contemporary Lo peilis venlrivose from MiN
Creele (see Table Iy and the pre-Cohambian
Lasnpsilis wentricosa from the K n} Al site show
little mean difference.  The mean

3
1
i

t a mtm for

14 contemporary specimens was 43 3 563 -6
¥

which ds in the middle of the range for Hne 1}1(‘~

Columbian clamshells. The Mu/Ca ratio for the
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contemporary clamshells (215 = 40 % 107 %) was
also well within the r:n*xg’c of the mean for pre-
Columbian clams. This fuplies (hat diagenesis
has not been a factor in 1‘?‘3(: history of these pre-
Cm‘umhi:m clamshells.

The Na/Ca atomic ratio in clamshelis from il
Creck appears to be ren arkably constant and in-
dependent of environmental canditions. A sample
of 14 Lampsilis wentricosa {sce Tabie 1) from
Ml Creelr, Towa, a hard-water stream, had g
Na/Ca ratio of 99 22 8 % 107% This conlormity
15 probahly related to the hiological usage of so-
dium i owater regulation withm living  tissue,
Irurther evidence of biological conforimn iy is s‘huwn
by a ‘Tump of 6 clamshells from Mill Creels of the
species AAmble H?{F castate with a Na/Ca oratio of
G211 w10 Therefore, 1t ean he st ;gu el
that the N ‘:'L/’C.;l Ell.(}TNiC ratlo s & coustant Gctor
of freshwater ci;nnshcil\;

The three specics of clams ased in this sty
consisted of two thick-shelled varieties and one
thin-shelled type. The thin-shelled tvpe, Leplodea
Tragilis, n(_b(_,ms a translucent appenrance i pro-
historic as well as contem porary specimens. fven
after ashing 11 was impossible ro senarafe the fam-
mar, or growth lavers, from the s peripheral Tayers
awd the mantle.  Therelove, the Leplodea Jragilis
specinens were sulijected o what wis essentinliy
a whole shell analysis. The resuits of the an: ysis
of 36 Leptodea {ragifis sholls show o random dis-
tribution through ail jevels of the site with over-
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fapning standard devintons Tor the alomic Fatios
of Sr/ACuand Me/Cao The differences i mor
phalogy and preparation
dicnic )‘mm the results 1‘:1:t it ot
utilize all species of Treshvater clams in this
of sty

The (1 stribation of the other two Lypes consisted
of 72 Quadiile quadrida and 43 Foeiim patiis wontr -
cose from the Wimball site and i addizion 25
Guadrpte quadriia Trom the hi pps site, Hefore

of 1his species wol

discussing the results of this ntvd\. i would be
best to examine the ather lines of ovidenes HERR Y

clinwtic changes as detailed by Baerreis and

Jry-
son C1U077 w0 thal comparisans can be miade with
the chshell analvais,

The arboreal polien profile from the Phipps
site shows o rapid transition from oak dominance
helow o deptie of abonut 104 em (o cottonwnnd, elny,
anch willow rlumiemmo abuve that level Since tllc
total arboreal count changes lide througheut the
secupation of the Phipps site, 31 would seem that
the mhabitants were oot o astically reducing the
forest,

fo the nanarboreal pollen profiie the composites

-t

are more mnportant than the grasses in the lower

fovels, as might e expected for 1 STASS prairie,
the

i
bt above the 17-em level grasses dominate,
giving the nonarhore:d] ‘mtc:trum aomore steppe-
like characier.  The

retorn to o conditions

ppernost levels sugeest a
somewhal Bhe the Jower

AR R a0

prT—
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levels. Onee ;
desice:

agany, there appears 1o he fnerensed
ation starting at the 102-127 om feved,

Oak pollen is present at the Kimball site, and
the 110.1&1‘])01(‘.1. pollen assenihlage

all Tevels
reseinbles the wpper pare of the Plipps profile
Of course, the Kinhall location is further west and
the uplands are nwore steppe-Tile today than the
uplands near the Phipps site.

The analysis of Llact fonaal remaing as ecarried
out by W D Frankforter shows ar the 1l Hpps
site o gradual inerease i the impartance of hison
reaching a peak at o depth of abont 76 e and then
essentially maintaining this Tevel in 1he upper 00
am of the depasit,

femiay Be interpretod s a de-
‘line i the available forest wilge labitat aud an
merease in grassiand habitat, At the i Lall site,
deer, ocoupving a {!o;mn;m; position threughont
the site history, are most numerous in the earliest
level, decrease in the middle levels and hecome
ore mumerous againn in the uppermost Jevels,
Thus, whereas grassland conditions would seem
o expand at the expense of the decidious Tores(-
edge, there Is a reversion toward the latter con-
ditions at the end of the oceu pation,

The chemical analysis of the elamshells s most
del iﬂhi\(_‘ for the C~1/(_ aoatomic ratios i light of
the previously discussed pollen and faunal data

NUMBER OF SHELLS ANALY
E 2

4 3
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standard deviation indicated hy point and b
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Higures 3,
analysis from the Rimball and Phipps sites and
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1
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minima in levels 810, then an clevation of ISw
Sr/Ca ratios in the middle levels of the exeavi-
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e wpper levels of the sites are not e
palicn data for {he grasses af the Phipps
o fumal evidence Tor deer oy the Nimbab
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figures for
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corstdered have heen related nrimarity
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wes i lemperature or other factors tha
changes i the Mg /Ca ratio.
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The Secondary Climatic Optinmun {_Emn?; U
or Neo-Atlantic (Bacrreis and Thryson, ‘}(ﬁ) e
gan ahout AD 900 and endded abour AL 1200,
This episode provided a mueh warmer climate
than today's over mueh of the porthern hemisphiere
anc of particular importance the {Great Dlains of
North America had abundant sunmmer 1‘;1&\1‘ This
provided the necessary climalic conditions jor 1he
spread of o maize-hased agr ienlture into thus area.
Trollgwing this period there was an irregulayr de-
terioration of climatic conditions culminating '}H
what s eatled the Little Tee Age (Tamb 19033 o
Neo-Boreal (Baerrels and Dryson 1965) hogin-
ning about AT 1500 and lastug antil abontr A
1880, when there was a gradual return fo the
present climatic 1 (Ammc

The occupation of

the sites in northwestorn
Towa follow this palt(’vi. with initial nccupation
ahout AD ‘}00 and terminate as sedentary \ﬂz.mqv
sites ab AT 1400, The end of the Al Creek
Lmime WAaS hmlmhi ahout :'L']):LI‘{"MT\’ wy their -
ability to sustain their previous agvicullural pats
tern, The chimatic changes, as jmentinned helore,
are further evidenced by the chuanges i the flara
and fauna, as recovered chronologically from the
sites. 1t {ollows then that these climatic changes
should have affected the watersheds of Ml Creek
and the ig Sioux River, As shown previously, the
elemental composition of Mill Creel dnes change
with discharge, and further, there si mu] 1 have heen
2 marked change at the end of 1 Neo-Atlantic
period {AD 1200y, The atomic m!_in of Sr/Ca
i freshwater clamshells can be used as tcicators
of paleahydrological conditions if they are part of
4 controlied chronological seqaence.

The Sr/Ca ratio of Mill Creek decreases with in-
creased 1\'{3]:‘11;;(?, The changes in this radio ni
the preh 1sm e clumshells cotncides with el 1t
changes in hig <Tcnf¥1‘:1phit‘"1i aren. Uhere 18 @
elevation of t‘:w Sy/Ca ratio between lovels 7 and
2 Tor Both sites and for the two spec s of clams,
which would he expeeted if. as the foral and
fannal evidence in(lic.:lie., there was a change 1o
more arid conditions. Tt does appear thal there
18 o rerurn io pw\ums conditions 1 the apper
fevels of the site. and this is accompanied by @
depression of the Sr/Ca values,

The overnll study, as originally conceived, was
a pilot program with fimited excavations of ar-
clienlogical sites where climatic factors appeared
{0 be important, Therefore, the recovered sanples
were very Jlimited in quantity : Tront any one tevel,
and as stated previpusly, it is s desirable hecase of
the intrinsic variahility (o use large som wles, How-
ever, the midden shell analysis « does indicate that
(he Sr/Ca atomic ratic of freshwater
is o fensible dicator of paleohydrologic conditions,

clamshells
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