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Table 1. Comparison of cup horn ultrasonic soil dispersion, in weignt percent, with Calgon soil di5persion 
for soi·ls from the Honcut Creek chronosequence 
!All ~rials are Averages of three replicates, F'ro111 auucc&. l98Zl 

Silnd. 
Tre.at.-

Snple rune Very Very 
coarse COU'IC Mcd, ..... Fine flne total 

1021 Sonic ----- 0.0 o.o 0.2 9.2 26,1 l5.5 
Callll)l\ ------- .1 .2 .5 12.7 23.8 37.3 

1029 S¢r\1e ------ .2 .s .7 4.6 16.0 22.0 
Caleon ------ .1 .s 1.2 6.1 12. ~ 20.7 

ll02 ~?nic. 
_ .. _____ 

3.2 6.9 5.0 12.6 l3,0 40.7 
cal~e>n ------ 4.2 7,6 !1.9 12.6 12.0 42.3 

ll06 Sonic ---- .6 1.6 .8 2.1 11.6 16.7 
Calt:on ----- .6 2.3 1.0 2.9 9.9 16.7 

1206 Sonic --- 2.8 R.3 6.3 9.4 S.4 :n.:z 
C.lc on ----- 3.3 9.2 6.8 8.8 :1.1 :n.z 

Table 2. Sand and sill destruction, in weight percent, during ultrasonic treatment 

[Fro111 Buucca 1 1982] 

Sample 

Sand 

Sand 

!';;rnd 
Treat­

ruenc Ve.ry 
c:oarus Cclarsa ~dilll!l l'lne 

foefore --- lB.l 48.2 33.7 
Alter --- 15.8 43.1 30.3 3.4 
Before -------------------46.6 
Alter --------·--------l8.8 

0.8 
53.~ 

51.0 

to~l 

100.0 
93.4 

100.0 
89.3 

su~ 

4.9 

8.1 

Silt <1 ll:ll c.1ay 

50.2 14.3 
46.9 1.5. 8 
.54.1 23.9 
SS.4 23.9 
42.7 16.6 
40.9 16.8 
50.5 32.8 
49.3 34,0 
24.1 4l.7 
11!1.8 48.0 

<2 ,.a clay 

1.7 

2.6 

Cclarae ail t Fine. ailt Clay 
(20-4 7 .. a~) (2-20 .. n) (<2 ~) 

S11t 
aetore --------------------------------------------- 100.0 
AJ ter --------------------------------- 94, 3 4.2 1.5 

w~ c:ollcctcd from samples that ha.c1 been dispersed by 
standard Calgon This suggests that sonication rernm-es clay 
minerals that adhete 10 sand aDd silt more completely than 
does the Calgon trcatmeau. although lbcre is also some fract­
urins of primary gr1lin& The sand and sih is visibly more 
neutral in color (less brown) after solili:atioa. 

ln 1ummary, the cup hom souicalioa. method effectively 
disperse5 soil samples and gives results comparable to SWl­

dard dispersion ~atments. Dispersion 1$ achieved without 
chemical dispersinJ a1eots, and them ia neither Ti nor AI 
contamination as in probf:..cype somcatioo. Usc of the cup 
hom, linked to the Heat Sysrcm.s W-%20 f socicaror.rcsulu in 
reduced soDic:ation time and eneqy, when com~d to the 
Biosonic sysecrn (comparisoa dal& for W-220 F not shown). 
This, in tum. results in less abrasion and fracturini and lower 
levels of primary mineral destrucrion than that 1hown for 1he 
cup bom and Biosonic. 

Particle-Size Analysis 
By Peter janitzky, University of California, Davis 

REFERENCES 

Day, 196j. 
Jackson. 1969. 

PRINCIPLE 

Re:ce1ved by E::h-kP1 

MAY 2 1 1998 
cS(Y] 

Samples are treated to remove organic IlUI.ttm' and solu­
ble !Salts. The samples arc then dispc;rsed in a sodium 
solution. Sands are removed by wee sievina, and the silts and 
clays are washed into sodimcatiWoD cyliDders. 'Tbe amount of 
silt or clay temainin1 in a predell:mlined volume of liquid in 

'.·· \ \\\\U \\\1\1\\\1\1\\\ ll\\ \ll\ 
3590 

··"'· 



JRN-13-1998 15:33 DRI/QSC 

the cylinders over time is used as a measure of tbe percentage of silt and day in the sample. The basic tenet of the analysis is that spherical particles will settle in fluid at a rase propor­tional to their radius (Stokes' law~ 
The method described he~ is known as the "pipette method" because of rhe pmcedu~ used to obtain samples. The adW&ntage11 oYer tbc well-known hydrometer method are (I) ir i1 mo~ accurare, and (2) it allOWJ subsampliag for clay or silt minctaloJY. The major- di.sadvaiUaJe is that it requires more time than the hydlomettr melhod. Because panicle-size analysil is commonly dctcnu'ined, it is discus.sed in detail. We were inreRstcd in detcrminina .reproducibility. as well as determining the effects of sample Jm~atments on resuhs. 

EQUIPMENT 
250-mL beaker 
balance (analytical) 
watch&lass 
tweezers 
eyedropper 
hot plaze 
6Iter candle apparaN$ 
rubber policemao 
teftoll policeman 
stirring rod 
wasb botdc 
OYeD 
desiccator 
repipctre (optional) 
shaker boatle 
mcctumicalshaker for sieves 
nest of sieves (1.0. 0.5. 0.25. 0.177, O.IOS mm) reciprocating ahaker 
size 6~ rubber stopper 
ICdimelltation cylinders 
Whinig·type wash boUle (optional) 
glass funnel 
300-rnah sieve (47~) 
larae rubber stopper 
weigbinJ jar aDd lid 
Kimwipcs (optiOilal) 
plunaer 
Chtrmomcrer 
clock wilh sweep second hand 
25·mL pipette 

REACENTS 

distilled Wldl!l' 
bydJupn peroxide 30 perceDt or sodium bypochlorill! .S percent isopropyl alcohol 
hexame&aphosphate dispersing solution (7. 94 1 Na:zC03 + 3,.7 i (NaP03)6 per liter of distilled H20 

12 fleld n Labor*"" Procedures, Sail~ Stud, 

PIOCEDURE 
Preparation of Samples 

P.0~ 

I. Label ~0-mL beaken with laborauny sample numbers. Weiah the empty beakers to 0.01-s accuracy. Check fre­quently ro be ccrtaiD that ~ balance is zeroed. 2. Add approximately 10 g of <2·mm soil to &he appropriate beam and ~with a watchelas& 

Organic Matter Oxidation 
I. Remove visible, undecomposcd organic matter (roots. woody particles, and so forth) with tweezers. ln B or C horizons dlis is rapidly .:complished because those hori­zoos generally contain little or-ganic mattu. The A hori­zoos, however. may contain large quantities of roots and fibers lhat must be removed To e1tract most of the undec:ornposed panicles 30-45 minuteS may be necessary. 2. Wet each sample with distilled H20. acid a few milliliters of 30 percent H20 2, aud re-cover with the watc:b.glass. Every ,_I 0 minures add 3-~ mLofH20 2 and stir gently by slowly S\\'irlin& lht beaker. Use distilled H .. O to rinse the beaker side& of foam. If it is necessary to ~pidly miuce foaming because the sample is about to overflow. add a drop or two of isopn:~pyl alcohol direcdy to the foam. 3. ~most foaming subsides, heat to about 70 •c and condnuc H20 2 additions for about one hour. Samples low in organic maner may be heated soon after me first addi­tion of H20 2• W'rth samples hiah iD organic: matter. how~ it is pre&nble to allow the reaction ro oc:cur overnight. witboot heat. before placing them on a hot­plw. This is imporunl because organic rich samples overftow wheD they arc heated too soon. 

4. When the organic material thai binds soil mirlel'81 parti­cles rogetber has been removed, the tteatmellt should be stopped because it affects the mioeml fraction as well. Several criteria are used to decide when 10 stop the oxida­tion: 
(a) When a light-brown foam no longer appears around the surface of' the $Oil solution after the addition of lf:02 and, instead. rapid "self-oxidal:ion'' of the per­oxide occura (a vigorou1 reaction thal usually exhausts itself within S minutes of H2~ addition): (b) The appearuce of bleached fragments of roots .float­in: OD the surface; and 

(c) Tune. 
Do n01 try to completely oxidize the undec:omposed organic panicles. Benefits ~alizcd 11e not wonh ab.t time rcquimd nor dle possibility of damqe to minerals. Those larp particles m nOI in \IOlwd in binding minerals. 

Filter Candling 
1. Cte.n the walChJla&s and sides of each beUet witb a rubber spatUla (or finger-). rinsms the R!Sidue iJUo the beaker. 

., 
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2. Place the beakers in a flhering rack. add a filter candle to 

each (do this~ adding any water to prevent overf\ow), 

add some distilled water. stir to suspend tile silt and clay, 

and then fill to the top with distilled water. 

3. Tum on the vacuum after empty in& the vacuum bottle. 

4. When the last beaker is drained (less than 25 ml remain· 

ing), close off the vacuum witn sto~s. stop the sue· 

tial. open the rinse water reservoir stopcock. and tum off 

the vacuum. Rt-open the stopcocks to the beakers so that 

rinse water can ftow through them. Rinse the filter candles 

with a wash bottle: use a finaer to remove any residue from 

the candl.es. then rinse the fineer! 

5. Rmiu~>pcnd the slit and clay: refill with distilled water. 

repeating parts 3 and 4 until five beaker volumes 

(l,000-1,2SO mL) have been filtered. 

6. After the final filtcrina. carefully clean the sides and 

bottom or cacb filter candle. washing all mineral panicles 

b~k in[o rhe beakers. Cover the beaken. with watch­

giii!Nies ~md place in an oven for 24 h.ours at I 05 oc. 

Measuring the Oven-dry Weight 

1. After oven dryi'P&. pl:wc the beakers in a desiccator to 

cooL 
2. When c;ool (about 2 boun) weigh each one to 0.01-g 

IIICCUracy, minimizing thcircx.posu~ to ambient air befor= 

weishing. Thi:s is the: weight used in all calculations. it 

must be accur;ue. 

Dispersal 

1. Add 10 mL of hex.amet:aphosphatc solution and 10-20 

mL of distilled water lo each sample and to a blank. 

(Nou:: We di5pen5C ~ametaph01phau: from a repipettc: 

container. To asa~ solution uniformity, genlly agita1e 

the solution with a slow motion of the container. Cali­

bra~e the pipette and dispense one: aliquot into a waste 

~on~ainer to eliminate lAir bubbles in t.be neck of the 

dispenser.) 
2. Label wide-mouthed shaker bottles, iocluding one for 

tbc hcume&apbosphale blank. 

3. Canfully clean the ~aken with a teflon policeman, 

being certain to ~~ lhc b<l.kcd-on residue from the: 

5i.dc5. Transfer the suspended soil to the appropriate 

!!baker bottle and fill each bocdc two-thirdl run with 

distilled waru. Seal me bottles with size 61h rubber 

stoppen. 
4. Save the wed beaken for the sand analysis. 

5. Shak.e tbc solutions overnight (14-16 hours) on a 

rcciprocatina shaker, checking to be ccrta:ill dW they do 

ncx ranle-they will break. Awid leaving the boUles on 

tbo shaker II10RI thaD 16 hours; abrasion of mineral 

panicles can cause small segments to break off, aivin& a 

measured partielc-siz.c disttibution diffczcm frorrl the 

natural distribution. 

P.08 

6. That same even\n,. fill the n:qui:rcd number of labeled 

sedimentation cylinden witb distilled waru so that the 

water will equilibrate to mom temperature. 

Sand 54!!paration 

1. Construct a modified Whittig wash bottle (optional) (fig. 

7) 8Dd till it with distilled water from the first of the 

sedimentation cylinders. Save the runaindu of the 

room-temperatutc wa&er from the cylinder; it will be 

used to refill the wash bottle. 

2. Plaa a glass funnel and a 300-mcsh sieve on top of the 

first empty, labeled sedimentation cy Iinder. 

3. Carefully n:move the stopper from the first bottle and 

rinse the soil solution clingina to it back into the bottle. 

4. Pour the soil suspension from the bottle through the !lieve 

and into the cylinder. Be c~ful not to upset the sieve­

it is precariously balanced. 
5. Rinse the sides ot' the shaker bottle with distilled water, 

using rhe water jet to resuspend lhe silt and clay particles. 

Allow the sand to scule for 10-20 seconds, then pour the 

suspension through the sieve. Repeat the proccll.s live or 

six. times. C~ful decanting of silt and clay before the 

sand n:duces sieve closgins and increases sieving speed. 

6. Transter the soil remaining in the shakc:r bottle to the 

appropriate beaker saved from the filter candling, usine 

several rinses because fine particle; resist transfer. Hold 

the sbakcr boalc in the ligbt to be certain that aU the soil 

has been transfemd. (Note: AQ effeetive method for 

rinsing is to flrst aim a jet of \Wier down the sides of the 

shaker bottle so that all soil particles move ro the bonom. 

Then tilt the bottle to one side and wash the panicles to 

tbe lower sides of the bottom. Pour the soil solution into 

the beaker and ftnally, while 1he opening of the bottle is 

still tilted downward toward the beaker, rinse the lower 

fipil'e 7. Con51ruction of • Whlttig·type wash boWe. 
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sides of the boule where the remaining soil particles have 
cotlcaed. allowing the badVv11.lih to fall into the beaker.) 

7. After each rinse, gently sus~nd the soil in the beaker 
and decant the suspension a was done in step 5 abow. 
When no silt or clay n:mains in the beaker. any rinses of 
the shaker boule that an: still necessary should go 
directly throuah the sieve ralher than mto lhe beaker. 

8. Use a wasb bou.le to aently rinse the inside of the sieve 
(espcciaiJy the scrun) so that the silt and clay panicles 
that may have been trapped pass into the sedimentation 
cylinder. Next. rinse ttle outside of the screen so thai silt 
and clay particles that have clung to it will fall into the 
cyli11der. Rinse the funnel and fill the cylinder exactly to 
the 1-L mark. C~r with a large rubber stopper. 

9. Use a jet of w.ater 10 wash lhe SAnd on the inside: of the 
sieYe back into the beaker. This i.s done by aiming the 
wash bottle at the outaide of the .siew: and through the 
screen so that the wash will faJl into the beaker. Rotate 
rhe sieve so r.hat aU sides ~ cleaned Hold the sieve an 
the light 10 check for sand panicles that still cling to the 
inside; rinse again if necessary. 

10. Cover the beaker whh a watchglass and dry at 10.5 "C for 
24 hours. 

II. Repeat for each sample including the hexametaphos­
phate blank. 

Taring of Weighing Jars 
I. Tare the weighing jars, ~cordina jar number., sample 

number, and tare weight The jars must be spotlenly clean 
and cquiliorallld to the temperature of me weighing room 
(2 hours to be safe). The lid, .sides .• and boaom of the jars 
should be wiptd clean just prior to weighing; al the 0.1· 
me accuracy required. fingerprincs can cause !lignificant 
errors. 

Mixing of Samples in Sedimentation Cylinders 
I. U!ioe the plunscr to &Uapend the silt and clay in the sedj­

mentaai.on cylinders at intenals of 2 Y.1 minulcs or mon: 
(2~ minull:S is the appro"imate time needed to take a 
pipette sample). Mix the blank as welL ~coed tbc exact 
.£11m e.:h sample is mixed. (Note: The: sample is most 
safely mixed by rapid upward sttokes and slow down"'Vd 
strokes of the plunger. Frequent short strokes at the cylin· 
dcr boaom plus occasionallonc Slrokes aM best. Slow the 
velocity of the plqcr whenever it approaches the solu· 
tion's surface.) 

2. When removing the plunger from the cylinder, gcntly tap 
it apinst the lip of the cylinder so that little soil solution ii 
remO'Ied oa irs stem and head RiDH the p!uncer with 
di1tilled wa1e:r over the sink and move to the next cylinder. 

PipeHe Samplin1 

1. U the cy linden aR: not in a constarlt llernpc:raiiR envimn­
menl, '"ord the tempcratun: of the blank solution every 

c-.09 

2-4 how1. Draw a ploc of time (horizontal axis} vs. tern· 
peUNie. Tbc a~ge tempenturc for the settlins period is 
at the poinl oo the vertical axis crossed by a horizonu..lline 
that bisects lbe area defined by the temperature-time curve 
(see fig. 8). If available. the sedimentation should be done 
in a constant·temperaNn: room. 

2. Usc the average temperaiWe to determine: the proper 
sedimentation time (tabJe 3). 

3. Prepa~ a 2S·mL pipcae with a rubber hand pump 
auached. 1be pipette must be cleaned with dichromate 
and rinsed with distilled H20. Become familiar with the 
use of the pipett£ before sampling; errors at this stage arc 
simple to make and costl~ 

4. At the app10priaJ£ time, carefully sample a1 the tO.Cm 
depth usin1 the 2.5·mL pipette. Try to sample avera 10-12-
5 period. Empty the pipette inlo a labeled weighing jar. 
Rinse the pipeltl! into the jar with distilled water. Continue 
chis procedure on the rcnaining samples. 

5. Ewporate the samples to dryness in a forced·dnft oven at 
lOS oc (usually 24 hoUIS). Place the jars, with lid.<~ open. 
in a desiccator to cool to mom temperature. Befo~ remov· 
inJ the jars from the de11iccaror. seal the jars with lhe lids. 
Measure and n:cord the weiah&s after wiping away tin­
ierprints.. Minimize the time the sample is exposed to 
ambient air by keeping aJl but the one sample being 
weished in the covered desiccator. Reweigh the first sam­
ple to see if it adsorbed moisrurc~ a weight change greater 
thaa 0. 0005 a meam that tbe samples must be ~dried and 
rcwei&hed. 

6. If <1-~m clay content is to be determined, do not remix 
the solutions. rnstead. allow them to continue settling. 
ta.king temperature ~a.dings every 4 hours. Determine the 
average temperatwe from a graph as before: 28 ho~ from 
mixine is a rypical sampling time. The sampling pro­
cedure is identical to that for <2-j.A.JJl panicles. Solution 
should be extracted at 10 em below the original surface 

TIME 

fipre 8. Example at temperature-time diagram used in 
panicle-size analysis. Solid line indicates actu~ tem­
perature; dashed line indicates average temperature. 

t .... 
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Table J. Settling hmes1 for 2·, 5·, and 2()-m particles to pass through 

10 em of water 
[See Jac~aon (196~) for de~ail& on ot~er tc~~erat~~e& and aize 

fractional 

20 
21 
22 
23 
24 
25 
26 
27 
211 
29 
30 

2 1011. 

(hour :c1. n) 

8:00 
7:49 
7:38 
7:27 
7: L 7 
7:70 
6:57 
6:48 
6:39 
6:31 
6:22 

because settliq has been from that point. Drying and 

weighing are the same ~ in step 5. 
7. Save the suspension until after the clay fraction calcula· 

tions. ~ completed in order to ~q~eat analyses if neces­

sary. A serious error has been made if the < 1-""'m fr.ction 

is larger th:m the <2-IJ.IIl fraaion. 
8. U clay minetaloay is to be determined. ~liuspend the 

samples and take a sample which will supply a minimum 

of so me of <2-j.LID material. 

5o '"' (hour:n.in) 

1:17 
l: l ~ 
1:13 
1:11 
1: 10 
I :08 
I: 07 
1:05 
1:04 
1:03 
1:01 

20 loll!l 

(lliu:seconda) 

~:411 

4:41 
4:35 
4:31 
4:22 
4:16 
4:10 
4:04 
4rOO 
l:S5 
3:49 

A.DDITIONAL REMARKS 

P.10 

(~"Sand Sieving 

We tested tbe efficacy of hand subsampling compaJCd 

to using a sample splitter (table 4) and chnte-bicarbona&c· 

dithionite (CBD) pmrcaunent (tableS~ We found no siBJilii· 

cant differences in panicle· size distribution between samples 

split or haDd subsamplied, and subsampling by haDd "MI 

faster th111 sample apliuing. The!c wac sorne diffetenc:a iD 

patdcle·size distribution betwer:D pmrcated and non pre· 

treated samples. For exaroplc. percent sand was hiJher for 

sample 102. wbicb recci* no CBD pse~R:MmCnt.. eompaed 

to prccrearr:d samples. 'Ibe wne was not tNe for sample 132 

(table~: fig. 9). Because of the oon·unifoaneffects c::aused by 

CBD pretrea~nt and because it is an additional and appar­
ently unnccessaey step in tM ptoe:edule, we elecl£d not to 

indude it in our sWJdard pnxcdun:. 

;,' .. · 

1. After cooling in a desiccator. weigh the sand tnction of 

eacb sample in the appJUpriate UWd beaker. 

2. Use a spatula to looaca them 111d trander \M sands to the 

top sieve in the slew DeSL 

3 . Shake the sands for 3 minures on the mechanical shaker. 

Weigh and record the wei~. 'ave any fractions that~ 

dcailui. 

CMCULATIONS 

1. Clay: 
[weii)U jar + ~ wnplej - [weiJht jar) - [average 

wipt ~J = ~ ci partic:le fracnon. 

weiiN of day p!tic:lc frxtioft x 1,000-mL solution 
weiJht of miDera1 fracUoa 2S-mL sample 

X 100 

= pgceat clay-pWda fractiOft in sample. 

2. Smd: 
weilht saDd 

IOt.al ~ighl of mibcral D.2ioo X I 00 = pem:nt sand ill sample. 

3. S\h: 

i ., 
<, 

sih pcn:eat = 100 -(clay pel"tleM + sand percem) 

Additional triplicate analyses fwtbcr illuscrate the ltlel 

of. precisiDil which can be oblaincd by camul laboratory 

practice (table 6). 

Samp .. 
N111. 111 

lL~Z:~::J;::=::::j Dltt>ioi'Ut• 

No 

L---------...L...----'-..-1 dittvCKtit• 

0 tO 20 30 &0 '50 60 70 10 flO 100 

CVMULAiiVIi PfftCENT 

Fiplre 9. Effects of dithionite pretreatment on partide-si%8 

distribution. All samples were pretreated witt1 Na hex­

ametaphospmte; dlthlonite-ueated r.amples were also 

extracted by citrate-bicarbonate-diW.ionlte ICBD) reagent 

(Ji.Ckson, ,969). Replicates are indicated by a, b, c. 
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Table 4. Repe~tt determinations. in weight percent, of particle size for sample splitter vs. hand sampling 

(111-1, 111-2, l!l-3 sampled by spoon froos carton of prepared soil at~u &tlrrin~ c:onc:ents of co.rton. 

111-lt, 111-5, lll-6 &oamplad uaiaa a o;a~ple :tplitter to obcain &allplaa of desired size. Sample Ill i& 

a iCt hoti;on (94-122 r;c) fr'OIII an R28 profile, Ory Creelt c:hronouquenc:e. Y, me~n value for 

replt~fttea; SD, staftdard deviation; cv, coefftelen~ of varia~tllty (Sn divided by X)) 

Sarup1e 

Ul-1 
lll-2 
lll-3 

LlL-4 
Ill-S 
I L L-fl 

14,SB5 
1' .165 
14.745 

!4.355 
!4,280 
14.500 

Oven• 
cl.ry 
sand 
(g) 

).940 
4,170 
4,060 
r 
5ll 
cv 

3.900 
3.875 
3.90S 
I 
so 
cv 

27 .o 
27 .~ 
27.5 
27.1 

.2~ 

.01 
27.2 
2 7 .l 
26.9 
2 7 .1 

.15 

.005 

Stlt 

49.9 
49.8 
49.5 
49,7 

.21 

.004 
49.6 
~9.8 
50. L 
4Q.8 

.25 

.005 

Clay 

23.1 
22.7 
23.0 
2 Z,9 

.21 
.009 

23.2 
23.1 
23.0 
2 3.1 

.09 
.004 

< l Moll 

19.2 
19.1 
19.l 
19.1 

.06 
,003 

19.2 
19.1 
1 CJ .1 
19.1 

.06 

.00'3 

Very 
coarse 

0.8 
.II 
.7 
.7 
.l 
.l 
.a 
.7 
.9 
.8 
.1 
.I 

1. 3 
1.5 
1.4 
1.4 

,J 
.07 

1.5 
1.5 
1.3 
1,4 

,1 
.08 

1.6 
1.7 
J. 7 
1.& 
.06 
.03 

1.8 
1.8 
1.8 
l.B 
.o 
.o 

Fhe 

12.0 
12.1 
ll. 7 
11.9 

,04 
.o~ 

11.7 
11.9 
11.9 
11.8 

.u 

.009 

Very 
fine 

11.3 
11.6 
12.1 
11.6 

.It 

.OJ 
11.4 
1!.3 
11.9 
ll.S 

-~ 
.OJ 

Table 5. Effects of citrate·bicarbonate·dithionite pretreatment on panicle-size distribution, in weight 

percent 

(For c~h of the chrae &a~~les: •1, -2, •3 recet~ed di~hionice precfearea~t; -4, -5, •6 did not. 

S~ple 102 i& • Bt2 {33-70 c;~) fro11 t.he 1142 profile, lll 1t a 8Ct (94•122 Clll) frOII 12!1 1 lftd 132 

is a Btl (33-80 ea) froa the 711 prof1le, all fro. the Dry Creek chronosequenceJ 

102-1 
102~2 

102•'3 
102-4 
102-S 
102•6 

111-l 
111•2 
111-3 
111-4 
lll-5 
111-6 

132•1 
132•2 
l32-3 
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