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Flooctplain ~edimenls can be dau.'''] precisel)' ba~ed on t.he change in anatomy or tn~e I'illl!~
~l~' ',I~y ,J}:.; :\1}('''1~~ ~:p'pct 

upon burial. When a stem of t,lmarisk (Tamarix I'aJl1osinillw) or santlbar willow (Salix
Si..,)~~ E. ! L"7 bG""Ia'et, 

cxigua) i~ buded, sub,equent annual rings in the buriect section resemble the rings of roofs: 
rings I)('come narrower, vessels within the rings be<:ome larger, and l:ransil:iuns behteen rings 

·- ._. 

kece.ve~, I ",=ptem:;e:' :::A>4. 
I1 

l~~':'v:sed LB feb,·uar,. 20....,): 
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lJecome less distinct. 'We combined obsenations of these changes with tree· ring counts to 
determine the year (If deposition of sedimentary beds exposed in a l50-m-long trent;h across 
the floodplain of the Rio Puerco, a rapidly tilling anoyo in "(ew Mexico. This !nethoct reli· 
ably dated most beds thicker than abont 30 cm to within a year of deposition. Floodplain 
aggradation rates ~aried dramatically t.hnlugh time and space. Sediment depo~ition ",as 
mostly' Jimitect to brief overbanK flows occurring ever.v few years. The most rapid deposition 
occurretl 011 c1ull1neJ-margin le"ee.~, which migrated laterally during channel nanowing. 
At the decatlal timescale, the Cl'oss-scction-avcrage sediment deposition rale was steady, 
but there was a shift in the spatial pattern of deposition jn the 19805. From 1936 10 19~(', 

sedimcnl depo.~it.i(ln occurred h.~· channel narru\\'ing. with little change ill e1e~atiol1 of tile 

thalweg. Aller 1986 sediment deposition occurred b)' ~'crticill aggr~dation. From 1936 (0 

;WOfJ about 27 per cent of the arroyo cross-section filled 'r\';th sectitnent. The rale or (illing 
from 1962 to 2000 was 0·8 '·ertieal m/decHcte or 85 mt/decade. Published in 2005 by John 
\-Viley & Sons. LId. 
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Introduction 

There are few J1lelh()d~ capablt- of prOViding precise dcpo~llion dales for fluodplain sednnents deposited ill tilt; last 
century. For e'xample. 14C dating of recent s,~ditnent is limited by the oscilJation~ of thc curve relating I'e to cakndar 
years Cfrurnbon:::. 2000). The mel' In<:thod can only delerrn;rlt: whether a dt:po~il is rnore recent than aboul 1950 (Ely 
er at.. 19(2). Optically stimulated luminescence (OSL) call be hampered by the problcm of i.ncolllplete hleaching of 
scdiment~ carried for a shon time at night or in turbid water (Leppcr et al., 2002, 2U03). Analysis of flow records can 
identify specific events that could have deposited seJim<:nt on a particular alluvial surface, but does noL rcoolve which 
sediment was deposited by each event. Historical artifacts are typically scarcc, ,md ean give only an approximiltc Hge. 
Stereo pairs tlf aerial photographs have limited vertical precision. and historical measurements and photographs are 
available only where previous res<:archers have had the foresight to collect them (Malde, 1973: Elliott, J979; Elliott 
er ul., I 99lJ; Moody et af., 1991J). Arwlysis of "'Ilpb is capable of detailed stratigraphic dating of recent sediments 
(:'>Jolier. 2(]()i)). but call be fnJi,trated in the alluvial selling where variation ill the COnCenLration of lead in the sedimen! 
supply l)bscurc\ atmospheric depo~ilioll ~Popp el vf.- 1(88). Because of alJ these methodological problem,-, ~natigraphic 

cro,'-secrion~ of recent alhlvial dcpo;;it, typicully indudc far mol''; sedimentary ullits than precise durcs. Tree ring.s. 
D<:cause of tllcir chronological precision, prcselll an opportunity for improved dating of these dcpo<.ils. 

Tree-ring dating of sedimel1l tics depo,ilion to a dalabk event during [he life. 01 a tree, such as gennlllUlJon or flood 
injury (Sigafoos, 1964; Evcrritt, i 968: Hupp and Simon, 199 J: FTlcdll1<ln ('/ al., 1996; Strunk, 1997: Allred and 
Schmidt, 1999). For exarnple. lhe mO~l <:OLnlllon use of tree rings for stratigraphic dalU1g is to locale Ihe establishmenl 
level of a buried tree and to count the number of annual rings al [hat level (Alesralo, 1971; Hupp, 1988). If the tree is 

lThis paper IS a US Government work ~nd is in the public domain in the USA. 
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alive, the cstabiishlllcnt year can bt~ dCTermined by counting back from the present (Herdord. 19X4; Scott e! <1.1. 1997). 
If Ihe lree. i~ dead. Ihe <:stabiishmcrn year can be detennin~ by cro~s-datillg with living trees (KarlsIHlm. 1988). The 
cqablishrnenl date provides 3. m~tXiJrlUlll age of [he overlying sediment deposit and a mlllimum age ot' the underlying 
deposil. Shortcomings of this meLhod include the difficulty of precisely locming the esrablishmellt leveL the pn)Vi~ion 

Ill' only one elate ~r tree. and reduced preei~ion if there wa~ a long Lime belw<:en depositioil of the overlying and 
underJ1r'ing sedimenls. Finally. changes in ring anatomy following deep burial obscure the annual tTansitions. makll1g 
ring counts dift1cult. Thc,e burial-induccd changes in anatomy provide, however. an opportunity ror a )l10IT' powerful 
method. Tf such direct effeCTS of burial could he rdiably identitied, it would be possible to dale precisely all of the 
~edi!l1enTary uniN depo;;itcd around a ,tem. That idea is the kernel of thc method presenlcd here. 

Sig:i1foos (1964) ob~ervcd a burial-induced ;;hangc in ring anatomy of green ash tFroxil1us peJ1n.})1~·al1iw) and 
dtrTJonstratcd how this could be used 10 date sedimem deposition cvent;. NansorJ and Beac.:h (1977) observed a sudden 
iilcr:::,),;c in vessel SlZC within annual rings of buried babam poplar Trees on point b,lr~ along a Briti,h Columbi<l rivcr. 
They :lllribu1.ed Ihis change ll) bur!.tl. and da.ed stratigraphic unit> exposed in pilS by dating tile dnatomic"l change 
w,Thin seveml "labs from a ~·mgle Stem. Rubtso\· and Salrnina (1983) dated sediment depo~irs along a rlv,or in !lflrthern 
Ru%id on UK: basis of a decrease in allnual ring wldth in buried willow stems ShaJroth ,111<1 Friedman (unpublished 
work) ,rb.,trved both an increase in vessel size and a decrease in annual ring width in buried stem~ of tamarisk 
'Jam((l'ix rall1osissima). Thcy used a manipulative experiment to delllonqrare Thai this anatomical change is, in faCT. 
produced by burial (Figures 1 and 2). 
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Figure 1. Tamari~k stem cross-section cut 2·8 m below the ground surface. Following initIal bunal of 68 em ,n 1969, ring-width 
decreased, ve~sel Size increa~ed, and annual t.ransltions became less distinct. After a second burial by 4! em in 1972, annual 
tranSItions became indistingUishable, The colour change fl'om dark to light within the 1968 ring is unrelated to bUrial. 
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Figure 2. Effect 01 one year of controiled burial on tamarisk growth. Each line shows the vertical variation In thickness of a ~ingle 

r,ng ,dong one stem. Ring,wldth is expr'cssed relative to the value for the same nng at (he poSt-burial ground surface (depth =0). 
The solid line shows the deer'ease in growth with Inereasmg bUI'ial depth; the dashed "ne is the nng laid down in the same stem 
in the year before budal. The dotted Irne is from a stern of similar size on a nearby tree [hat was not buried. 

Tamari~k, a tree native 10 Eura~ia, was introduced to NOlth America in the 1800s and has ~inct' become a dominant 
riparian species in the southwestern USA (Friedman et of.. 2005). Therefore, development of a method EO dale 
strutigraphy using tantarj~k Slem~ would have broad applicability in the region. In this paper we demonstrate UHi! 

stem, of rhl' abundant shrub sandhar willow (Sa!ix rxigua) show a similnr burial signature, and we combine excava
tion of buried tamarisks and willows with sD:arjgraphic m<lpping to devdop a hig.hly detailed ilnd precis!:ly daled 
"I.r'itigraphle cros.,··section of a Nc\v J\·1exico ilooc1p!ain. To demOl1,,[rilte the utility of rlli, approach, we USc the d,Hc'c! 
cro~s-:>eCljOl1 to a~sc~\ the v:irlabilily ot sediment deposition rates across the ftoodpl<un and LO calculntc a cros~
section-avel agc :,(;(]iment deposition rat,~. 

Study Site 

The Rio Pucn;o (of rhe caSE) flo ...,..s about 2S() kIll {rain the Nacimiento Mountains south to the Rio Grande ncar 
Albuquerque, New 1kxico (Figure 3). The catchment area of 19040 km2 {Heath, 1983) is dorninah:d by Mcsozl>ic 
and Ceno70ic sedimenrary rocks Ihm supply abundant sand, ,ilt and clay (Wells (!1 al., ]983). Tn the lower Ion km or 
the Rio Puereo valley th,' la1(; Quaternal)' sedimenrs dcposited by the Rio Puerco and its tributaries :ire underlain by 
"edimcn\s of the Santa Ft, group, a thick accumulation of t~ll'e~trial ~ediInenb depo~ited in intermontane basJn~ during 
the latc Oligocene to middle Pleis\Ocenc (Heath, 1(83). Except in the mountains the climate ,~ scmi-arid,wirh annual 
prccipltation arOlrnd 180 mm. Peak flows usually arc Bash floods generated by latc-summer thlll1dcr~E.Orrns dkath, 
1'In: Mulnar ;;nl! Rmnirc,. lOO 1). The Rio Puaco carrics a hea,·y load of clay. silt and sand (Nordin, 1963; Lovc, 
I YX6l. larg\.' I p,trtlclG, arc I(;;.;~ ab'lndant hut occur )ocally on the channel bcd. 

[rusion from the nw\- J 80Us 10 cariy 1900:, incised a continuous arroyo along the ]o\\ier 200)..,m of Ihc Rio Pu,:rco 
(f:hyan, 1921\; Elliott Cl af.. 1999). Dl)\Ynstr~am fwm the conHudlcc with the Rio San .j()\C (Figure :~). lhe period or 
erosion ended stwrtly aftcr the highest known ins1amancous di~charge of I ()70 m' s··t on 23 Scptember 1929 (FigLJrt~ 4; 
New Ivkxico OfJi.ce of Slate Engine~r. J930). In J935, a braided channel occupied most of the alToyo bottom and 
woody vegetation \-va, scarce within the arroyo (Figure 5). Since the 19~Os, peak flows have decrea~cd, the channel 
has narrowed, a densely forested floodplain has developed. and the arroyo has paltly tilled (Figures 4 and 5: CJrinin 
ef al.. In press). By 2002 the channel top widlh had narrowed to an average of 12·8 IT\, and Ibe arroyo was about 250 m 
"'Ide and 7 m deep (Gril'lill er al .. in press). The floodplain forest j~ dominated by tamarisk (locally introduced in 
Iq26: Bryull and Post. 1927) with a fringe of sandbar willow along thc channel. 

The slud.1' sjte is a cro;.;s-st:ctioTi traversing tbe alToyo hottolll [·8 km downstrearn of the crmsing of High\~.,y 6 
(Figurl' 3). Precise coordmares of {he cHw;-,ecrion were determined lIsing a differential global positioning systcm and 

f'"Ollshed in 20DS by John Wiley &. Sons. Ltd. Earth Surf Process. landforms 30. 1077·-! 091 (2005) 
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Figu~e J, Trench site In the cacchment of the Rio Puerco ;n north central New Mexico. Diamonds indicare U5 Geological SUI-vey 
$[re~mflow gauging sC;ltions: I = gauge 8351500, Rio Puerco ar Rio Puerco; 2 ~ gauge 8353000, Rio Puer>:o ac Bernal'do. Dara fmm 
the f\io Puerco ac RIO Pderco gauge are intermittent after 1976. 
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F~gure 4, Pe •.k instant.aneous <1nnual discharge, by water-year (I October-31 September) at two gauging sta"ons along the R,o 
Puerco, NeY-/ MexIco. 

af,; ilvailable upon request. Th" sludy "ile is 1523·C)7 III ,tbove rn,;,Ul sea level (NAVD8S), and lhc \lrCklmbed gradient 
is approximately ().()O I (Griffin et ul.. in pre~s), The study sitc is 1,5 km dowIlSlrcam of US Geological Survey 
Strcamf10w Gaging Sialion 8352500, Rio Puerco at Rio Pucrto, and 79 km upstream of Statioo 835:3000. Rio PuertQ 
at Banardo. 

Methods 

II, 'V1.ty :wno I'll: u\cd .\ backhoe to dig :J j'8-m-ckep trench ilelOS, tht; noodplain, and cleaned lte trench face with 
t!(!\,eh ,In([ !)ru,he~ We used a 'clf-k\oelling engineer', level arlu surveyor's rod to install hori/oOldl string~ 011 {he 
,rend] i'll',: as \·enical controL and we used surveyor's tape:. W obtain horizontal dis['lllCC:', allowing us to dc[ernlin,~ 

the prcci~<: (:to·') enl) locations of contacts on a s1raligraphic log. The sc<!lmenlary \t;XIUrt;S, slruclurt;S anu fade~ were 
nOled on the jog. U.,ing thc backhoe and hand LOols we excavated live tamarisks and one ~aJldbar wlllow adjacent to 

Published in 2005 by John Wiley & Sons, Lcd. Earth Sur( Process. Larld(orrns 30, 1077-1091 (2005) 
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Figure S. Aerial phmographs of Ihc trench site in 1935 and J996. Downstream IS to the lower right. Since: 935 arrroyo erosion 
has slowed. tile channel has narrowed and aggraded. and a f1oodplaii) dominated by tamarisk has developed within the alToyo. 

the trGllch. free CAcavations extended down [0 the apparent establishment ~urface or to the maximum depth of ~afe 

cXCliV,HiorJ U-5 m). Each tree consisted of several buried ~teTl)s. which joined a: onc to seve raj me\rl~S bclow the 
ground surf<Jce, \Ve hHrvcsted two [0 four ~tcms from caeh excavated tree. £3efore harvcsting, wc mapped (;,K/1 trec 
;Ind tlie adjacc.nt straligraphy. imd used nail<; driven into stems 10 mark Ihe major stratigraphic contaclS. Those contacts 
Wl'rc lri<ced from the pianl 10 the main trench. along the face of ,pur lrenehes connecting the two. After harvesting. we 
used a bandsaw to cut a slab 2-10 em [hick at e'.h:l1 ~tratigrc.phic Cllntact. The upper surface of .:ach slub was about 
I em ;lbm·e 1he contacl. Additional ~ labs were CUt bCly,'een conlaCtS to aid in croSS-dating (Ihe malching of annual 
rin~s betwecn ~I;lbs). \Vc cur 17 10 i 25 slab, pcr tree (266 Local). To prepare slab, (or tree-ring analySt.) we sanded 
t)1l'lTI with ~lrogrcs:,;ively fiiler ~andpapcrs to a median particle size [If 15 p.m (600 grit), applying trcqtwD1 blast, l)f 
compressed air 1.0 prevent clogging: or vessels by 'awdusl. l~ing~ were inspeClcd using a dissecling microscope. Ring· 
""idYll and year were digitized on a Vclmcx TA Unislide Jni:asuring. system with ACU-Ritc linear encoder and QC IJOO 
digit,il readout ck .... ice acquiH:d from V(;lml~x. Inc., Bioomiidd, New York. Our I ing-rc<lding suftware was Nkasurc 
.J2X. Version 3 1 (reI.25) from ProJecl J2X. VOO!'1ech COlv,ulting. Holckrness, '\cw Hampshire. 

When srems of !umarisk 01 willoy,· arc bUl'led. suhsequellt alliluai I'Ing~ in rhe huried ponions resemble the annual 
rings or rollt.',. \tore spccilicalJy. compared to ring:" m unburied ~1.ems. rjng~ produced af1er buriill :.Ire U:llTo\-\·er and 
VC%c!, ,.... ithln thc'>c ring, are larger. espccially Ihosc produced in the latter pan of Lhe growing season (Figures I and 
2). In addilion, ray, ar~ more promineni anel annual ring boundaries are les, distinct (Figure I). Bcc;\ll:"c the changes 
bc.:conl'~ more pronounced '.'11th increasing depth of huriaL it is often pll,~sible [() idernify lTlultiple discrete burial event) 
by n~1I'Ilina1.i()il or a sll'1glc slab. Howevcr, once a stem i.'> buried more than 1-2 Ill, subsequent annual rings arc so 
m:rrow and indi'>lincl thaI they can no longel be counted (Figure Il. In thcse deeply buried slabs tik' ring. correspond· 
ing to Ihe firsl burial event can be idemified. but elating LhaL burial evenL requires crOSS-dating wIth slab:" from 
hi;:.hn up (he stern where I'Ing'> can be counled all rhe way om to lhe year of hmvest. We cross-dated wiLhin, and to u 

Published In 2.005 by John Wiley & Sons, LId. Eorth Surf Pror.w. Landforms 3O. J077- 1091 (2005) 
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Table I. Depth of stratigraphic contacts and year (calendar year minus 1900) of burial of slabs cut from a buried rarnansk tree 
(tree C) harvested tI1 May 200 I, along the Rio Puerco, New MexlCo 

Stem I Stem 2 

Depth 

(em) AnatolliY Ring width Anatomy Ring width Determination 

(93 (lr 97) 93 0r 97 
,/ '~ 

9\ 

(86! 870' Sf> 

37
 
~ J2) 0' ;;3 7)
 

/] ur '7~ 7) 

6'), 77 0' 73 

._------------------,---,---._
Dl=~'-L y. dn:.- (cl" II""r'.... tr~~~ :~'( ..~)c. ..;_! ·It::;.:. "();inc; ~..i<Ke ,-)~l:.h::fj hC~' =.LVllLcl! !"1:=:'-' ri~(!J(,t~ 'r l,:::;:pec '>t,·~,t'[~r1p 1 (_ (cnl.:i.cl·~, . '"It" d(l:'.c(~ SX--dCi::' ()r !~~)f;: i.;)...,.:e-:l 'JI;.... ~) 

~ :, :~t\, ! ,j:1 'lpl" '1,.- \ J ',' '//,1- PH', -tbt)yC lh\:> (C' It:Jct cJr~ ....·:\Ttif':f. r,l~c ;:'Jt!c:l'r (:" rh·:-' 'J ': "h.i,_cc, 'pal CI·-/icse~. al'e les:s ~II?UE:. 'UC').~:rrnf1,:r:.I(.Jn· ., t'!lC Cc."I', 

,.;f d('r·'''J}:-:'~n '"~I' lr ..· ')(,';1'V..:r'·' _:.1 a 5tI"Zr~i:},·.,pr·,c :...r ~ L·.:4:>o.:';~..1 (y! ~re"',,;' r '1;~ c-\I....:lerl...c V.'!~II:,:·,-rL rf;~er,~r):::.e Lo now hi'~WL()",">~ Tc ":O'he'''ve $peKe, '.V(= pr:::.f:l'it ddU 

k'''~1 t\ll~nl be1wccn. lIe<'~ 10 ensure that rings \If.;rc C(lITtctly daled. Charaeleristics most u~dul in cross-dating \VGrc 
J'c-"r-ln-yc;li pallc'lT1S in ring-widLh and the occurrence and sea~Dnal Liming of false rings. To deLel1nine the yeflr in 
WhKh a branch diverged from the main ~tem. we cut a slJ.h just ahove the branch point and determined the difTerence 
in age belw<~en lhc [\-Vo ccrmes on the slah. 

Wf: idcnti lied ttl;:; year of burial of a slab using two erileria, Firs!.. we searched the ring-Width series for rhe carlies, 
\<~ar in whidl radial growth decreased relativc 10 that of higher slabs :llong lhe SolIn<: stem. Second, we cxamined ring 
,Hl,Horny L,ndcr a di~~eeling microscope 10 idl~nlify Lhe ~arljesl annual ring \'\ith enlarged \le.~~eis, a decrl'a~ing conlnlSI 
buw('cl1 t>lrly and laiC \'''ood. and more prominclH rays. BecaUSe there were two criteria for d...~rermining burial dMe for 
\,'{(c11 slab :ulcl at Jca~l LWO hanTsred stelll~ per trce, There were at least fOUl det.erminations of rhe year of burial for 
edch sedimelltary unil at c' tree. Each slab was examined by lwo people. and final determinations of burial date wcre 
made: according to the prepondcrance of cvidenec (Table I). Burial dare~ for sedimentary unir~ near the c:>ceavatcd tree, 
v.,~re transfclTt'd to ,he srrJ.(·ig:raphic cros,,-,eClioll (Figure 6), Most unih un the cro,s-seelion were d:.l1ed by IWO Of 

llh)rC Iree,. a!ioWitlg " tin:l! consistency cheek for rhe determinations of ,cdimt'nt deposition dale (Figure 6). FirlJ.l1y, 
we combined our knowledge llf the ,LriHigruphy. >rem hurbl dates and ftow histOry to constrUCI a dated stnmgraphic 
...Ti)~",ecli(1n \Figure~ 6 and 7}. 

The d(lLa from individual tree, jxovlded record~ of the sellimGIl! deposition rale over tlm~ at vanoLls locations on [he 

l1oodpl<iin (Fignre 8l. We digllizcd llte ,trlillgraphic <.:ross-section u:>ing :1 geographIC information ~ystclll ~ARC/INFO) 

..li1d cak"l,lh:d the ;irca 0" cach lime-,trali1!raphic unit. This enabled u,\ 1(1 detennine the historic record of ,cdnnelll 
ck::pr'Slt-ion I{IL..~ for the ~n)s~-.;,ec1i()n :J.S> a whole (Figure 9). 

PublIShed In 2005 by John Wiley & Sons, L(d, Eorth Sur(. Process. Lond(orrns 30, 1077-1091 (2005) 
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Figure 6. Parrial cross·section of the Rio Puerco floodplain near Highway 6. New Mexico. View is looking upstream. Horizontal 
scale is re!acive to the left arroyo wail, and verdcal scale is relative to the thalwe.g in 2000. The upper panel is a detail of ~he 

stratigraphic cross-section showing stratigraphic concacts and sedimem textures. Yellow and white are sand, light green IS siie, and 
red lines indicate erosional contacts. The lower panel is a detail of the chconostratlgraphic cross-section. Dates arc sedimem 
deposition years indicated by cr'ee rings. Colours represent deposits from specifiC time intervals as inferred from tree j-ings. 
stratigraphy, and flow history (see colour explanation on Figuf"l~ 7). Inferred contacts below the trench bottom are indicated by 
question ma r·ks. 
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Figure B. Diagram showing spatial and temporal variation in aggradation of the Rio Puerco floodplain, 1936-2000. Elevation is 
relatlve to the inferred i 936 thaJweg. The letters A to F identify sampled tl-ees whose locations along the trench are shown 
in Figure 7. 
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Results and Discussion 

Evaluation of methodology 

Our method reliaol)· dated deposilion of nw:;t beds thieker than 30 cm La ~·ithin one year. In dating these thicker beels. 
rhere Wi\!> [ypically agre,'mcnl between rh.:: two criteria appli.::d to any stem (Table 1. Fig.ure 9l. between ~renlS frOln the 
)ame lrc'c (Table 1. Figu/\' 9l, and he[wet~!l trecs (figure 6). In sandbar willow, but not tamari.\k. anatomjealc~hangcs 

\"<'rc often sudden enough to distinguish burial events that oecurred wirhin a growing. season from [ho~e that occurred 

dunng ihc dormant period. Because most large How~ along the Rio Puerco occur in laic summer Ileal' the end 01 rhe 

;!t'O\\'tll ~caSOll. \w: ~t~~lImed that tamarisk buri:tJ occurred in the year bd'orc the !irst annual ring ~howing evidence ot 
~edirnenl depositioil. f()r example, a burial d:J.[c of I ()94 (T"hle I. Figure 6) signitie~ that evidenc ... of burial tirSl 
appcarc:d ill the 1'i95 ),':rowtll ring. The bUl'lal Signature for beds t11lr1nCr (han 30 em was 110\ alway,; detectable. 11 was 

"Hen pO'~lbk !lJ dale 'oul.:h beds by tracing thCln to al1oth.:r lr~e \ovhere they were lhicker and plOdliced an unequivocal 
burial ~igmltul c ~Flglire 6). 

Sl:lbs ;md s!cm~ v<li'ied in the!.r utility for daring of stratigraphy. Hcalthy, young, l.:ylindrical stcms typically pro
(luced lh~ cleal'c,1 burial 'ignalures. Rot or consumption of wood by insect larvae sometimes destroyed a burial 
signalure or made cross-dating impos,ihie. Drought or disease sometime" slowed growth ,0 much that accurate ring 

CI\LJnr~ \\ere impossible or elicited a re~pon.<;~ lhat could be confuocd with a burial signature. "'Vhcr" a stelll was bent 
or nMed. [jng~ were indistinCt \H1 parts of slabs because no planar cui could be perpendicular to all \)f the xylem 
vl'-;\cl~. An.1Tomical bunal signatures were stronger for rhin ~tcm~ than for thick stems. On the other hand, d~r~rmina

cion 4"f buri,ll d.ate fflJ,ll the ring-widl.h scric~ was k~~ ael.:urate .....,hen the number of rings WilS ~mall. Therdore. for 
,lem, lhal were young and thin at the lime of hurial, th.:: anatomical criterion was more u~<:ful than the ring-widlh 
C'rirl'i'ion. For the ,andbar ~·iliow (trcc E, Figure 7), all sterns were thin {[nd young and anatomical burial signatures 
w.:;re ~h"rp, wrnch \~3.~ fOl'{ullate b.ocall~c the ring-width series ~·a,' loa ~h0l1 to provide reliable evidence of burial. 

Oilr appro"ch oi'selecting {I,e Iarg':;Sl \lcms of a tree: for harvest WlIS not Ideal. Smaller slcrn.' were generaJiy more 
~C'[]~l[ivl' to hunal [han larger st\~m~. For example, the largcsr stem (tree A) had the least dis:inCI burial signatures and 
lhe ~:Te;ltest <:'lTor in burial dates (Figure 9). In summary, Ihe m\)st reliable approach would be to select multiple 
healthy stems of variou~ ~i7.<:'s from each buried rrc~. 

Buriaj decrea,cs radial growtb and the darity of rhe transition from one annual ring to t11C next. We [Ook advlliltage 

of lhese analoiTncal changes in developing the strarigraphic daling melhod presented herc. Olher sludies have ignored 
lhc;c changcl>, simply counting rings al rhe germina[ion lcvel lO determine the dcpth of sediment deposi[ion since 

eSlhbiis1lrncnt (c.g. I kreford. 1934; Friedman ef (.// .. 1996). That approach may, howc~ver. undere';timate the age of thl' 
LrL":. Al the Rio Puerco, slab,; from \lCmS buried more than l lTl typically had readable rings in lhl; Cenli'c~ fomlcd 

hc:llll\' bunal <Inc! ~ narrow \Inreadabk zone at thL' periphery formed after deep burial. The narrow unreildabk zone 

~('Hi(.'t:mc:, ~l'ar;ned more lhan 30 yea.r~ (Figure I), Tbe only way to account for the:>e year~ i~ to cross-date Ihe slab 
\\':1)1 0111,'!'> hi~.h,·r along 111<: stem. Fallurc~ 10 dp so could lead 1(1 ul1dcrC'~tiJT1alio!1 of the ag.c or the tree by decade,. 

From fhe Lrilndpoinl ut llildcr'unding lhe I1I';w1'Y and pro(:e~se~ ot cnann",1 and f100dplain devclopmeill, the method 
dj'c!l"cd here i.., implwlanl In ~c\'l.:ral ways. The obviou,<' adv;lDrage i" rhe prel.:lsion of daring where sedirrl<~nt accumu
latl()!) rar~-; are rapid. Precisely dared bed, at individual exposures can be correlmed even where the "n'utigraphy is 
oo"clIred bdween the L~.'\posurcs. Sedimenlary deposits car. be dated without a known Hood series. although kno~·
ledge of rhe :10l.lc! sene~ wiJl improve the results, When the Inethod is combined Wilh :;traligraphy there arc other 
advantages. The duration of pc.riods of non-deposition can be determined, and [he recurrence intcrval for floods rhal 
dcl ttl con~trllct ~lJ1d maintain the channel and 1100dplain ean be calculated. Process rates..~·ueh a~ aggradation rale~ or 
levee mig:rillion rales, can be calculated. Delerminalipl1 of the aggradation rate for an entire cros~-secti()n. as ()ppos~d 

to a local ,[r:ltigr,lphlc column, improvc~ the precision of sediment budget calculations. 

;\pplicarion of method: aggradation at the Rio Puerco 

S<,di!ll<'IH ,icposiLJon was mos/ly limned (0 overhanl 1'1()\V~ ol'culTlng every few years, and lhe·<,e lypically persis«~d no 

!ollge\ [han a few day, (E. Gri ffin. unpublished results). Thc years of sediment deposition on tbe floodplain dcter
tllHIcd uoing trcc rings le.g. Table 1. Figure 6) marched yeilJ'S of bigh flow recorded lor the Rio Puereo at Rio Pucrco 
(Flgme 4) u'ual!y to within one year. Important flows for sediment depo&ilion occurred in 1967. 1969, 1972, 19fi8 and 

i 991. Note Ihal the high flow for water-year 1970 in Figure 4 occurred on 23 October 1969, which i~ consistent with 
e .... idence: from multiple trees indicating rhat scdiment deposition oecurrcd prior to t.he ISi70 growing season (Figure 6). 
'\0 da!<l arc a\'ailabk ror Ihis gaugc after 1991. bUl the dated sediment record indicates there ...vere minor overbanl 
flo~·, In J994. 19()6. 1997 and 1999 (Figures 6 and 7). 

F'ubllshed 1n 200S t>y John W:iey & Som. Leu. Eonh Surf. Process. Londfonns 30, 1077- i 091 (2005) 
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The illlWl t dnd anwunl of dcpo,itlOn varid dramatically ~crnss the floodplain. The dcpth of sediment acculnulated 
,il tree F since' 198(1 wao aboul len times greater lhan that a<.:cumulalcd al tree A since j 962 (Figure 9). The period 
j')()4-1972 donlln:.Iled scdiment dcposition at tree D, but made little contribution at tree 8 (Figure 7). Locally. lhe 
mO,T rapid vcrtic;\l aggradation Jround any tree occurred when thaI tree coincilkd with a primary levce (Figure 7). 

Overall. ~dimellt dcpositioll since 1936 at the study site has occuned in two pha~es. Tn the firsl phase (1936 -1972) 
depositilll1 n:sllired in cbannel narrowing with little change in thalweg elevation (FigLlre.~ 8 and 9). In the second phasc 
(l9S6-1999) sedimcnt dcposition resulted in a rise in the level of the streambed and floodplain, with reduced channel 
nal'ro\.ving (Figurcs R and 9). 

In the J 9~(j.; thl' ehalln,~! occupied Inost of [he cross-section. was dominated by sand and had gradually sloping 
h<mb i Figun.>; 5 and 7). Bcl\!vCl~i1 19~6 and I'0172 the eh<inlKJ narrowed by construction of a series {)f sand k\'Cl~S, 

Whl<:11 p\-t~l [inle encroached Orl ,he thalweg (Figures 7 and ~j. Much of thi.~ deposition occurred in 1967, 1969 and 
197'2. Lleh 1cvcc grTw to an elevatiOn of Jboll< 3·~ Jl1 on Figures f: Jnd 9 (0·6 m on Figure 7) and thrll received JIHle 
addiliunai sediment deposition until after 19X6. Trel:;\ wa:, c,rahlishcd in about 1936 a! [he edge of the channel, Tree 
B Wi!, '~s!ablishecl H1 194(1:!::) ycars and II., grov<\b occum~d i.n assocIation with deve!opment of a levee of vcry line 
s:m<l. This lCVl:t~ rea,:hl:d the 3·2 In kycl by about 196~ (Figure X). Tree.~ C anll D W",1T established belol\- our 
e.ll.cavaliOI1 depLh and grew in associatipn with levee., that reached the 3·2 m levr.:! in the 1972 floll (FigLire~ 8 and 9j. 

Beginning ill 1936 or ]938, the levee at trc~ D grcw toviard the channel and up"vJld (Figure, 7-9}. The continued 
gJ ow,h of this Il'v(:c in 1he 1990,; is recorded by 11'ec E, Vertical aggradatjon of tbe levee coincided with aggradation of 
lhe thahl-cg. The de<::pesl sampled section or tree F was not buried until 1972. but by 2000 was more than 2 m below 
the thalweg. We observed the branches of many similarly buried trees protruding from the bed or banks elsewhere 
(tlong the Jown RIO Pth,rcv. Beginning: in 1986, aggradiltion of the channel and levees led W overbank d,:po"ilion of 
"iii and clay 1';1('1':' on the fl(lodplain, thereby reducing 1100dplain topographic relief. Thu~ at pre.\;eil!, Lhe only surnci,l! 
,\ :cknc,~ of fonner' iel ('('s is the conspicuous row,.; of (illllarisk marking their loe<llion. The sequence at ch"nncl 
nU!TO\.l'!!1).' with ,;tcady ,[rcambed clcvatiC'il follo\.I-c<l by vertical aggradation of slrcmnbccl and ncodplain is Ci;nl-lrlTlL'd 
h; a illOrlllrllCnrcd hi~ll>ne Crt)S;;-scl,tion G40 m UpSlleillTl thai was surveyed in 1936. 1972 and 1995 (E!lioLl CI of., 
1(99). 

Mean :loodphnn Jggradllliun rate" can be determined by linking individual trt'c sites together <;traligraphicaliy 
(Figure 7), thus providing the infonnalion needed for se.dilllenr budget calculations (Figure 9). Since J 936, aboLll 
27 per cent of the arroyo eross-<;eetion has filled with sediment. In spin: of the great variation in focal sedimcilt 
dcposi1 i(HI rate~. cross-section-averaged seel imem depo~itjl)n has been sLcady (Figur~ 9). Thus Lhere is no evidence 
suggesting that the bcginn ing of vertical aggradation of the srreambed in the late 19XOs W,lS a consequcnce of 
incrcCl,ed sediment supply to the ,tucly reach. Instl'a.L1, the beginning of vertical nggradation mOlY have been a CI'ilSC

LjU,'I1<:C or ,l local constraint (If channel geometry, namely reduced space available for channel narrowing. Since I Y62. 
the l'!\1""l'Cti()n-il\'er(l~cd ratc of liJiing has bel'n ste,ldy at (j,g l·el1ieal m/deeade or XS rn"idc,·ade. if the ralC of 
I ertiel' aggl ;;dation <.:onl inu.::ci lindlanged thc ilnoyo ~"ould be tilled in IfjO yc~ar~. if the aped ratc of aggradJ,tilJn 
c'(Hilillucd Uni..-ti;lllgdJ the armyl' would he filled in around 200 year,. 

·\cCUr1lulatl',111 of sedimcnt within the arroyo ot the k)wcr Ri,) Puerco ha~ conrribul(:d co a decline in slispellClcd 
scdimclH <.:oilccnlr'llion, by more thall 50 pcr cent from :948 [0 1994 ill Bernardo (Gellis and Elliott, 1998). The RIO 

[luclcn i~ a major ,00UTe of sedimem [(J the Middle Rio Grande and Elepha.nt Bulte Reservoir (Lo\,\ 1(86). The rale 
or hlling of Ekphanl Bulle RcSer\,olr by ,edimcnt h;IS declined froJn 30·3 x I(l In' J I (or 0·93 per cenl of r'cd1 
cap,,-ci ty per year) [('1' 1915-·1925 to 4·7 x 1(( m' .1-

1 for 1988 10 1999 [Coil iO', and FelTari, 20(0), Theref()rc, siorage of 
sediment in the lower Rio Puerco Jrroyo :Jppears to be increasing the longevity of Ihis regionally impOl1aTll re'en·oir. 

Scdim,:nt accLlmulaling along ,lie 10\."er Rio Puerco j~ derived from two sources, upland crosion and widening and 
dccp-:ning of the arroyo upstream. Analysis of co,mogenic i~otopc$ indicates that tbe long-term upland ero,iuIl rate in 
lhe Rio Puercu Ba,in is 102 ± 24 TIl pl'1' millIOn year, (Clapp e{ aI., 200!). If the :moyo trapped 25-50 per cent of rhis 
'c~diJnenr. il \vouJd fil] in r(\llghly 1000 )'l~ars (Clapp et aI., 20(1). Locally, in the lowl~r Rio P(lcrco, om r(~sllits ,110'" 
Ihat the CIJ rret]( f:,ll: of aggradal iun would {iii the arroyo nJorc rapidly (in 180·.. 280 y.:ars). At a broad.;:r "calc, how~vcr. 

OUI' rc:'ull' Ml' con,,,tl~nr \"tth rho,c of Chlpp r!! (I{ 0(01) b(;eause much of thr sedimcnt eurremly bc,ing d,;po;,it,.~d in 
the luw,:r Riu I.luerco is ,kri c'ed frOIl'! up5treml1 an'oyo inci~l()n and latcral ero"ioll (Elliott ci al .. 19(9). 

Along theiowcl RIO Puereo, scdlmem depn,ition and lamarisk foresl devclopmeill have pmmolcct e;l<:!, oiih'T 
,cdi11lcnt deposition provides an ideal ,c:,~d bcd for tamarisk, which in turn reduces flow velocity ilnd increases bank. 
~[abiJiLy. Tamarisk 'vas introdu..:ed to rhl' jo\.vcr Rio Puerco in 1926 to conlroi erosion (Bryan and Post, I(7). AI that 
lime the broad channel oCl'upied Inosr ('If tile JITOYO tloor, levees were ahsent, and woody vegetation was ~carC(~ 

(Figure~ 5 and 7). ;\t present the channel is narruw. and pronounced levee:> arc elevated above a broad ftl10dplain 
(Figure 7) domimlted by a (knse tamari$k fore~i (Figure 5). Although tamarisk rorest is nO\. limited to levee lOpS, mo,t 
current and paq levee tops are marked by a row of tamarisk. Fluid drflg on tamarisk stems reduces loc:.li velocity 

P"blJshed I" 2005 by john Wiley & Som, Ltd. Earth SIJr( Process. Landforms 30, 1077- [09' (2005) 
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prorncting ~(;dilnel1t deposition and growth ,-)f levees (Kean and Smith, 2(04). Bank stabilization by tamarisk Illay be 
paril)" respunsible 1":>1" the Lick t)f recent channel mignHion. Fonnation of pronounc..:d levees and developmenl of' dense 
umal i~k st,1I1d, have n;slJ!tc.d in low velocities in back-channel areas of the floodplain. B,ock-channel dcposib begin
ning ill 19SCi indllde the 0111) abtllHJt.fll silt and clJy in the post-19J6 ~ediment record. Al the reaeh ,calc. the fluid 
,Ir.lg on rlk' increa.,ingiy dC'n~e tamarisk l'or:;>s1 (Kean and Smith, 2(04) 11<.15 apparently increa~ed the attenuation or 
shOri-dumti()n ftot'd pc"ks between rhe t\.\o gauges on rhe lower Rio Puerco (Figure 4; Molnar and Ramire/" 200 j). 
i\!dl<J!l~,h [he in\",i\·c l,ul1grisk is often considcr,~d a nui~8.L1ce, it can promote floodplain )tability, sediment dCpt1sition, 
aild Oond <.Ittl'lllHJI ion. Re~earch is needed to investigate the possi hi lity that eradication or tamalisk from a ri ve.r reach 
C\hlld ;nneas\? do\\. n<;Jrt'<im Hood peaks and sediment loads. 

Comparison to other methods 

In thi~ .~cl.:iion we cornpilre avail,lbk methods for daling rcu~nt alluvial sedimentary dep{)sjts. \Ve restricl our djSl.:\h
,inn to meth(),l,; thar have been demoll.,tralcd 10 produce useful results for ,tream deposits lesi! than .sOO years in age. 
,mel lho.,e th,u produce a l1unleric81 ag.e. These methtlds indude: an,llysis of the isotopl;S I-c. 20GPb, 117C,,: optic'aHy 
slITllulatcd luminescence IOSL): disl.:over_" of hl,torical allifacl<;; eyewj[f1e~, observalions; repeal phmograplis and 
\....os'-~ectioll,; and LISE of trce rings In dare wood fragments, rr,,~e eqablishmem, Iree dnmagc or ~teln burial. The 
1.1lJnparison is mad(:; in h:nD> of the most implwttint factors Iimiring utiJity or accuracy. 

L(/(.z- or 0N/(Ii lalli/.\' 10 fli'pfy '·ill'fhod. Orl(; measure of the ulili!y or a method is how frequently the: oppommilY 
o;l];,l', to ('l11p!o:,' if. T:-Ie ~ "f'b. ,,:C~ and !umHH:"l'GIlCC lne:thods ali involve measuring ,l property ot the 'e:dimellt. 
\>hie:h lll",llb that any tinl'-grained sediment l'ouJd oslLn~ibJy L)(~ d:ned using tbo~c nl(~thods. Th,' ~al1le might hc ~:lid 

for u.,in~ Ih..: polkn of a wicll:',[Hc"d inLrodue<:d pl,lilt spel.:ics. Other mel hods involve SOlTle degree of serendipilY_ ,uch 
"" the disco\·cry of a charcoal fragmem or potsherd. Examination of tree rings for a burial signaturc is possible 
\Vh",reVCI appropriate WOtKly species are presenl. Fortunately, the method worh wilh tamarisk and sandbar willow. 
1\\'0 of tho' most abundant riparian pJams in the southWestern United States_ \Ve do not yet know whetha this method 
c'OllJd bl~ succe:,sfully appiied ro olhcr abundant spccies Wilh clear annual rings. such as cottonwood or Ru"iall olive. 
nh~ nWlllOl! is lmiikc.:Jy to work wilh .~pecies lacking clear annuJI ring~, slich as mesquite and most tropical .specle~. 

0~i1 method n.'t]uire:; (rees that were present at the time 01' 'cdimeo, deposition and are slill pr,~se1U loday. Along the 
I()"'i(~r RiQ PI.lCICO, ,hi, mca% that \\-c canIlot dare sediment depo~jted before 1926. the year llf tamari.~k introduction 
(BI'y,lil and 1\),1. 1927). [kcau~e buried sandbar '.villow seems at Ihis site arc consumed by insect larvae, we were not 
"[>i,: to liSco \vi)l(lw [0 ,tgc sediment dCPO<'!lS t'lckr thall 20 years. in contrasl, Vincent and Elliott (2005), working along 
th,; :\11Jm"s I~J\l~l at a wbnlpJlle ':.ite (,dtirudc 2lJ70 m). daied Hood damage in IOU-year-old buried willow ':,[ems, and 
K:lIi,;trorn (l9~X) lISCU c:stabli.shrncnt yeJrs or buried junipers to date sedill1clUS deposired severa! hundred years ago. 

LiI"lIjlii!.~ OSSUI.'lpiion.\ Some methods tor dating alluvial deposits require assumptions that may be valid only in 
certain circumstance,. For G.xampk, lcad-210 is "TC,Hed by the radioactive dcc:ay of radon ga~ and is ibelJ' transformed 
by radioactin~ decely (Noller, 2(00). The lr"Pb method reqUIreS an tmclerstandjng of the accumulation and radioacrive 
deca)' of 21!'Pb from ,ltinospheric and terrestrial source,. Some applications of the method rely on a steady sedimctJta
Itun rtl1e, \\-hkh nirdy OCCllrs in many <.Illuvial sctlings. The lTll'thod has successfully dated seclirnems less than 200 
y""r, old, partic'ul,lrly T11arine and iaeuSlrinc sediments. and ha.\ sucee.~sfully dared ,tream scdimenl.~ (Nl)lIer. 2000: 
A:.llto 1'1 al., 2(03). Popp ('r (Ii. (J 988). howevt'r, did not weceed in using 2il'Pb to date ~\.:dilm:nt, c!cpo"ircd by rhe RJO 
Pu>:'rco, \L:lting thal the IClT;:~tTial ',Ollrce was loo large and variable in ellmpari~(JTl to the atmo'plLcric source. Other 
nl\,uIPd., thaI ;nusr be correlated wlfh a previously dated chronology (e.g. paiaenmaf',nelic se<.'ular varialion), or require 
.I calihrattc)li to account ,'or 10e,11 cOlldi,.ion, Ic'.g. l)bsidiafl hydralil1nj. involve unccrlainlic~ ihat are beyond the scope 
(1( ,hi" cJi,,(;u~,iot! ~u ~u(il 1imi\in::: as.,umplions 0"1 c()iTclalJon or ;;,dibralion ar~ necessary in lilt: ll'c of !>Inial 
'ign,llUrC\ 10 dellc ui!uvlal deposits. 

UII( el"io!11 age v( cremion. Man;· mClllOds me hampc:rccl by the uncCl1ainty ill the cn:atil)n age t1f the obje:cl used to 
daie the .,cdimt'IlL This is the principal limit to the accuracy of dJ.tes derived from lTlelll-made anitacl~. except Iho.,e 
ul"e objecls [hat arc inscribed or arc otherwise ,0 Llnique thai their manufacturing agc is lightly constrained. For 
c,(<.Imple. Vincent ,\lid Elliott (2005) di~('overecJ a ca.)t iron slove leg in a floodplain deposit but had no way to "now 
(wirh,)ut independent evidence) when in the last ::::50 )"ear~ the cast leg was manufactured. The uncertailHy in dl'; ,lge 
of the:: host dcpo,lr wa, thus OIl rhe order of 2S0 years. This is also a problem wirh recent rndiocarbon ages: they do 
nuL c'oITe;,pond to a unique calendar age becau~e of n\\ClUaliOns in the anDosphcnc concentration of I·C over ,hc pa,' 
500 )'c·.c\l~. For example. a conventional radiocarbon age ,)f 1i 0 yeal s AI' in[~rcqJls the calibration curve ,it ,even dares 
bl'i\.\-t','n A) !700 and IlJ50. and when typical laboratory unl'c'l1aimics arc: considered the dated plant tis~uc could have 
~'W\\ n dUl"li1g ,llrfw,,: <.Iny year afler i\D !650 (TrUfllbore, 2000). [-lowcver. carbon-J 4 al.:tlvil) \l.:xce.,>~ abov.; 1950 I"C 
!e;er) I'or "herl-lived plniH ti.,"uc (1c~wcs and pinG needle':.) can date 'post-bomb' flood t1epo,ih 10 within a rew 'year~, 
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"hen ollle~r age C\JI1~tl'ainrs are HV<liiabJc (Ely er tIl .. 1991). CtCSlum~ 137 is ;l radwac;tivc isowpe. but ,;inel' it is the 
prOdl\\:; or rnarHnack thermonuclear b(,rnbs it: is u,ed like a lJisroneai :.In ifaCl for dating. Prc,~enct' of ,.'.,'(\ in a 
sediment deposit mdicates [hal deposnion occurred some time :.lfter 1945-55 (Perkins and Thomas, 1(80), bl.1I the 
absence of I>'CS in individual beds i~ inconclu,ivc (Bi~h()p el ai., j 991; Ely fl af.. 1992). In cont)',I,;t, thc creation dgc 
of a IreC'" bund signarure can b'" determined to within a year in tamarisk and to ..... ithin several months in sandbar 
willow. 

Delayed delil'try. Several method, are h:ilnpcred by the possibility that the delivery of the d:uable objeCl to the host 
dq:>O'il was delayed until long after the object was created. Thi, problem is inherent for all man-made object" 
(inc!uding 1.,7Cq. CbaiCl):.l1 samplcs and wood fragment,. Delayed delivery can be caused by reworking. A charcoal 
iTdt~n,ePI cxhumc:d from an older Lkposi! may have a prcei,e creation :.lge, but the accuracy of the age of the deplhil 
If] whi,'h the Jr~i1::mdH wa~ di'iC'ovc,'cd j<, not knowable in isolation. To il!ustr:Hc the magnitude of [hc problem. we 
illcntl()J1 e~.\itrnpks hom Chac\) Canyon, New Mexico (K. R. Vincent. unpublbhcd data). A porsherd approxlrnatdy 
IOOl) year, !n <!f:.c' wa, (hscovered Ht a dcpmlllh:.ll rnu~t be iess than 50 years old. A charcoal fragmellt of a planl ,I.em 
\,as di,cov''''ed iii a depllsil along Chaco Wa,h that independenl. evidence dernotlstl'atC'"·d rTIl1Sl be le,~ than 500 :veal" 
old. That ch:m:oJ.] tragrnent produced it radiocarbon agc of about 3000 years llP even lJlOugh it v..-a$ pristine in 
appearance, not abrackd. and thus not ob"iou~ly reworked. Burial signatures in trt:es found ill growth po~iljon an,' nut 
<;ubject 10 rhe problem or delayed deli very. On ihe other hand, wood Fragments found out of growth position may have 
been depositcd many ycms aftcr [hcy wcre formed. 

Inhcrila!1cc. lnheriwnce of a properlY from all older deposit h:.ls lhe ,arne conscLJuence as delayed delivery. Lumi
nescence. a fundamental propeny of most silicate minerals, accumulates through time WiTh exposure to environmental 
radiaticlll and is rc~"t OJ 'bkachcd' wben the mineral is cxp05t'cI to sunlight or heat (Fonnan er al., 2nOO), The OSL 
mel/lOel C,li1 hc~ \uitah1c for \Valerl,\in sedimenls thai n,pc'ricncc exposure for sunlight before deposition. TJ sediment 
In,n~pl)n r,,:eurs Hi :tighl or if tile \I>'at('1 is turbid. however, the minerals may be only panially bleac]lcd, m'iktng the 
"1,',; ddcrm;;lation iOO old. F-or nample. Lepper n af, ,2002, 2(03) Jpplicd OSL 10 ~(;diLTlents dqx'"itcd by the 1llrblcl 

Chaco W'I.,h LI,mil a sl:liIdard multiple-grain anal;sls and a ·It:ading edge' analysis or mc;\:,urements of numerous 
\illglc graif)~, Bmh merhods accurar.ci; reproduced the age of a dcposit known to be about lOOO yc:\l'S old. for 
.,cdilllcnt known l(1 have been lran~ported at nigfH and deposited in April 2000, howevcr. the "t,lIldan:! method 
V'(lduced ,.In agl' of 21'170 ycar, whc:rea" [he 'leading e.dgc·' approach jJJ'lJdueed .If! age of 55 yea". 

In our 'inaly')i$ of <,I,'1n buri:ll signawres we ha\-c aS$umed lila! the c1ate of {irs! burial of a slab is the same as the 
d:lIc of (kposilion of ti,e sediment )uITDuoding thal purt (If lhe plant. $lenl. This assumption i~ valid in rapidiy 
aggrading sy,tems like the lower Rio Puereo. Where both erosion and deposition arc imponaJll, howcver. the sediment 
that originally buried a ~[cm may sinCl~ havc been eroded. /\~Il trces that have hcen buried and (hell lat.cr unburied 
,how rever\;)! of ,he DLIJ'ial ,;ig'lla1Urc ,Sigafoos, ]964). If th~ original sediment depm;it is eroded and replaced in Lhe 
S-lme :, -:M, rk record of burial revealed by the' tree milY disagree with the record as preserved in the ~tratigraphy. Thus 
tn:...- rill.[!\ IIn:-· be' ,>lIbjccl. to :1 form of inhaitancc. but thj~ could be used to provide information abour ,cdirncl1L 
dc:poSII., Ih81 drC' no longer pre~efl[. 

A~,', of q,mptes whl're there is .in inher'';!1\ unccnaim; in the crGaLiO!l age. or a po"ibIlity of inheritance or delayed 
dc!ncry. provide: a 'younger Lhan' constw.inl for the age of sedimcllt oYerlytrlg tile ~ampk~. Such S:.llTlplc age~ do no\ 
,:on"train the age or underiying deposils, however. Consider the SO-ye:.lr-oJd deposit containing the IOl)O-year-oid 
pursbcrd. It would be illogical to claim tbe underlying deposit v,as 'greater than 1000 year, old' who:n it could in raet 
he 60 ye:af~ oid. A few method~ have the enhallc~d utility or providing limiting ages for depo,ils beneath the ·sample'. 
Most or thc:s\~ Jlletbod~ Jefinc the age (If a Lime-stratigraphic boundary ('11 a bedding contact) rather thall the agc~ of a 
b()~t deposit. They include finding the cstablishmcnt :.lge and level of H [Jce (Hereford. 1984). repeatedly ',urveying 
cross-,ccli(lrls (Moody er af., 1999: Gellis and Fllioll. 1998), and matching ~equences of photographS taken oyer time 
(.\1aJck. 1973: Vincent :lfld Elliott. 2005; Porp er 01" 1(88). Thc opportunit.y TO apply these methods is typically 
11ll(·OlTImon. FllnhL'rnwi'(;, their precision is !itnj(l~d where several years can transpire between ~edinlenT dcpc)~itj(ln 

C\·,';lI!;. a,; ;lIong the Rlu Pucrco. 

Summary and Conclusions 

When ,(em, of tam"nsk and ~.indb:lr willow arc buried, nnnual rings tak~. on rool-hkc charaCTerislic,. mcludll1ll 
IlilITO',\Cr width, large~r vessel~ and les, dislHlel annual tran~ilions. OhservMions of (hese changes can be combined 
""ith ;lnll.igraphic llIappm~ to dctermll1e the' year of dq)o,itioll of ,edimentary b,~ds. Thi, lJie[hod has abllnd'llll 
upporlunilies for appIic;\liol1. little unCCI1<lUl1y in creatjon age, no delayed deli\ery, and unly Iilnitcd inheritance. Thus 
S!.Clfl burial <,ig:!lature~ can accuralely constrain the ages of cmire iil.ratigrapbie exposure,. 
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Along lh,~ Rio Puc reo this Jll<~thod reliably dated moq bcd, thicker [han 30 em. and some thinm:t beds. to within 
:l year of deposition. An equivocal depo,ilior\ date for ;l bed at OTle tree could often be improved by u,;lng the 
srrurigruphy TO cruce the bed to another llT.e. In .'>andbar willow, but not tamarisk. anatomical changes were often 
\lid den cnOllgh to determine whether burial had occurred during the growing season or the domlant period. Sediment 
dcpo,ilion al till' Rio Puereo wa, mostly limjt~d 10 brid overbank flows occun'ing every fe\.\.· years and was rn051 rapid 
or, Ch,tmlc]'lnargin !cv('cs. Allhough the cross·,ectiolHlvcragc sediment deposition rate was steady at the deeadal 
,<:<11.'. Ih;~r(' v.a' a ,h1ft ill the spalial pJ([crn of dt~posiljon in the /9805. From 1936 to ; 986. sediment deposition 
\),'cLlrn~d by channGi narrowing, wilh Imle change in elevation or Ihe thalweg:. After 1986 ~edilllellt deposition occurred 
h\. vcnic,iI aggraJarion. from J l)J() TO 200n about 2.7 p,;r cent at tlte Rio Puerco arroyo cross-section ti I!ed with 
"~dil1J,,nt Storage (jf "edinlt'nt in the l\)wer Rio Puerco is dccrcas:ng rhe scJimem load down~iTcalll In [he Rio Grandc 
and ,;xl,~nding the useful life or Elcphanr BUlte Re~cr\'oir. 
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