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ABSTR.~CT 

A geomorphic characterization of OU-1098 in Los Alamos Canyon was undertaken to 

:identify discrete stratigraphic units within the rc:cent aJJuvium and colh1vium 3nd associated 

:~eomorpbic: surfaces in Los Alamos Canyon. Thi:; characterization al~:o identified areas of • 

:bistoric sedimentation and erosion. An additional objective was to identify specific 

;~comorpbic surfaces and underlying sediments as sampJing loc:ntions for potential 

~~ntaminanu which may have been released fr•)m TechniCal Area 2 aiAd Technical AreR 41 

·!n Los Alamos Canyon . 

.quaternary surf~ces Ql through Q4, from c•ldc:st to youngest, were defined based on 

·mapping conducted by Glorieta ·Geoscience, Ioc. during this investigation. Quaternary 

·deposits include alluvium in channels, terrace deposi~ along the main r:bannel and tributary 

·Channels, fan depcsilo; from side drainages, and colluvium and talus along valley side slopes. 

:Sediments underlying 03 and 04 surfaces (Qa13 and Qa14) have been deposited concur1ent 

with use of the technical areas in the canyon. Sedjments underlying Q2 surfaces have been 

·deposited during the past several :hundred years and include some sediments deposited 

concurrently with development of TA-2 and TA·41. These units .represent ~reas with 

sjgnificant sediment flux. and may therefore represent appropriate sediment sampling 

locations. Qal4 represents active deposition and .is also an appropriate sampling target • 

. Call deposits are likely several thousand year.; in age and therefore should not be targt:ted 
' 
:as primal)' sediment sampling sites. Qall deposits may instead provide good samF1Jing 
I 

.. targets for evaluating background rontaminant l~el.!i in LA Canyon. 

:Lm Alamos Canyon is a very dynamic system in terms of sediment transport and dcposir:ion. 

At least tw~ cycles of incision and aggradatior1 foUowed by a third p•!riod of incision have 

:occurred during the Late Holocene, likely duriog the past several hundred years. Up ·to 3 

:reet of sedimentation has occurred at locations within OU-1098 during the past SO years, 
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r. INTRODUCTION 

Glorieta Geoscience, Joe. (GGI) was retained by ERM Program M;m;tgement Company 

(ERM) to conduct a geomorphic characteri7.ation of OU~1098 in Lcs A1amos C1nyon (LA · 

Canyon) nenr Los Alamos, New Mexico. As part of this project GGI has produced a 1:1200 

t>cale geomorphic map of OU-1098. The purpose of this mapping was to identify discrete 

stratigraphic units within the alluvium and colluvium 1\od associated geomorphic surfaces, 

and io partieuJ~r to identify areas of historic sedimentation and erosion. An additional 

objective was to identify specific geomorphic unilc; and underlying sediments as sampling 

.locmions for potential contaminants. 

T~chnical Area 2 (TA-2) and Technic.'\) Are~. 41 (rA-41) are part of OU-1098, which is 

located in Los Alamos Canyon adjacent to th•! Los Alamos Townsite (Figure 1). TA-2 is 

the facility for the Omega West Reactor, whi•:b is currently shut down and is planned for 

decommissioning. TA41 is a weapons research facility. LA Canyon is bordered by the Los 

Alamos Townsite to the nortb and South Mesa to the south (Figure 1), and is incised 

approximately 350 feet into the Tshirege Meober, Bandelier Tuff, Cerro Toledo interval, 

and Otowi Member, Bandelier Tuff (Figure 2). These units have beet: mappc.:d downstream 

io LA Canyon by Goff (1993). Both tbe Rc::nCija. Canyon and Guaje Mountain fault zones 

have been projected through Los Alamos Can:,·on within OU-1098 (F:igure 1) (Gardner and 

House. 1987: Vaniman and Wohletz, 1990). Both faults exhibit down to the west 

displacement, although ooly the Rendija Canyon fault clearly offsets the B:mdalicr Tuff 

within OU-1098. 

II. METHODS 

The geomorphic characterization of OU-10S18 involved a combinar.ion of field mapping, 

airphoto analysis, profiling using a hand level and stadia rod, field soil and stratigraphic 

descriptions, and analysis of topographic maps and drillers' logs. The entire map area was 

eY.amined oo the ground to define stratigraphic units, examine soils, i!.nd to conduct detailed 
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Figure 1. Site Lo::1fion M:ap 

Joh Name: LA C;myon 

l...c'ICal iun: Lo:- .'\ hllnns,N. M. 

Sour~c: USGS 7.5 111in. Guaje Mn11n1:1in and Friinlc:s. N:-1 QuaJran~lc:s 
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·1:napping of geomorphic units. The entire area wa.~ .also examined on ].:7200 scale color air 

;;,hotos and 1:1200 scale orthophotos. Features obsr::rvcd on these pbc•tos and noted in the 

:5c1d were transferred to 1:1200 scale Facility £or Information Management Almlysis and 

:Display (FIMAD) two-foot interval contour maps. ·Geomorphic features examined include 

t;lrainage channels, areas of historic sedimentati•)n and terrace fonnaticm, older sedimentary 

:~cposits and geomorphic surfaces along the valley floor, and talu:; or colluvial slopes 

:bc:twec:n the: valley Door and cliffs of Tsbiregc tuff. Photographs wc:rc taken of soil ilnd 

~tratigrapbic c:xposures. 

:Separate nomenclatur~ was used for geomorphic: surfaces and associated underlying deposits. 

Geomorphic surfaces were used as mapping unito; and were de:;igmtted as Ql through 04. 

~rom oldest to youngest. Surfaces were furthc:r subdivided using "t" for terrace surfaces, "C' 

for fan surfaces, and "c" for areas of cotlwium. Mttpping units therefore include 

designations such as Qt3, for 03 terrace surfa·:.::;, on. for Ql fan surfaces, ;md any othc:r 

appropriate: symbol combinations. UnderJyin1: alluvium a:;sociatcd with each surface was 

:identified with "QaJ" followed by the surface r:umber, e.g. Qall, Qal2, Qal3, and Qa14. 

Natural stream..,bank exposures ofvalley·bottom and valley side-slope sc:diments were cleared 

off in preparation !or the completion of soil and str:lligraphic dcs•:riptions. Soils were 

de..-;cribed using methods described by USDA Soil Survey Staff (1975) and Birkeland (1984) 

:using a hand lens, MunseJJ s"il color charts, 2 millimeter sieve, 10% hydrochloric acid (HCJ) 

'and a soil knife. Sediment sampling loetttions in historic alluvium and associated 

·geomorphic surfaces were identified b~~sed or; the completed gcomc•rphic mapping of the 

.area. 

·A series of cross-canyon topogn1phic profiles v.rcrc measu:ed using a band level, tape. stadia 

· rod, and clinometer (for measuring slope angl:s) to depict surface hc·ightS above base: level 

, and to measure widths of geomorpnic surfa.;e:;. Profiles were me:asurc:d approximately 

: perpendicular to the longitudinal stream profile, a.nd were generally :measured to the lower 
I 

: talw; slopes on either side of the canyon. Topographic profiles pr,:~vided control for the 
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·precise location of mappiug units throughout tbe canyon. Profiles were plotted using 

Quattro Pro software and are presented in Ap;;>e:odix A. 

III. RESULTS 

,~ STBATIQBAP.HX 

lA Canyon is eut into a sequence of the Tshircge Member of the Bac~delicr Tuff overlying 
I 

the Cerro Toledo interval and Otowi Member of the Bandelier Tuff, Quaternary vaJJey 

~oor sediments in the vicinity of OU·1098 are iDsc:t into the Cerro Toledo Rhyolite and the 

Otowi Tuff (Figure 2). The Bandelier Tuff range~; in age from 1.2 to 1.6 million yeRrs (Ma), 
' . 
based on 4/JAr • ,,Ar dates for the Tshirege Me::nher (1.2 Ma) and the Otowi Member (1.6 

Ma) (Izett and ObradO\ich, 1994). The CerTo Toledo interval extends from the lower 
; 

·canyon slopes to near the valley floor (a muim:~m thickness of approximately SO feet wirhin 
' 

;the map area). where it is under}ajn by the Otowi Tuff (Figure 2). B:l!ied on the lithologic 
' 
:tog from boring LADP3, located downstream from OU-1098 below 1'A·21 (Broxton et al.. 
I 

!1994), the canyon Door is underlain by apprc'Ximately 60 feet of in·terbedded colluvium, 

falluvium, talus, and El Cajete pum1ce. El Cajcte pumice was recordt~d at a depth of 29 to 
' 

,:;1 feet beJow surface, and likely represents a reworked channel-fill deposit. Ei Cajete 

·pumice has an estimat~d age of approximately 60,000 years (Steven Reneau, personnel 

;communication, 1994). Tb.:~e data suggest tha:: the valley inner canyon has experienced net 

!aggradation during the past 60,000 years (60 k~')· These valley-fill sc:tlimcnts are underlain 

(by 243 feet of Otowi Member tuff overlying the Gllaje Pumice and the· Puye Fonnation at 

:LADP3. Lithologie logs from !iOil borings for allt~vial wells within OU-1098 (lAO· 0.3, 0.6, 

jo.s. and 0.91) indicate that the canyon floor is underlain by app:roximately 15 feet of 

-~alluvium overlying Tsankawi Pumice or otber pyroclastic deposits of the Cerro Toledo 
' 
: intenraJ (lithologic Jogs provided by ERM), although the pumice interpreted as Cerro 

·Toledo interval may be reworked El Cajt:te pumice (Dan Katzman, personnel 

communication, 1994: also see Figure 2). The pn:sence of El Cajete p!Jmice buried by valley 

:floor sediments at the alluvial well loeation:i is. consistent with the lithologic Jog from 
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J;ADP3, and may indicate a greater thicknes.~ of alluvium at LAO welllt)Cations 0.3, 0.6, 0.8, 

2U1d 0.91. The: lithologic log from LAO·B, loau:ed ncar the western Cl:'ld of OU-1098, :tlso 

!ihOWS 27 .S feet of sediment to the total depth of the boring. and gives 'l minimum thiekne.~ 

Jor the -valley fiU sediments at that Joc:ation. 

The primary Jandfonns in the canyon arc: (1) steep cliffs developed in the Tshirege Member 

,::,f the Bandelier Tuff; {2) slopes ranging from 100 to 35° mantlccl with talus derived 

primarily from the Tshiregc tuff and underlain by the Cerro Toledc· interval and Otowi 

\1ember, Bandelier tu'ff. and: 3) a narrow, relat.vely flat valley floor (Figure 2). The valley 

:noor can be subdivided into two sections cor.sisticg of: (a) l:tterally·rcstricted areas of 

~~olluvial deposition at the base of talus slop!S and low angle valley Door side slopes 

underlain by colluvium, and; (b) a fairly narmw inner canyon consisting of the modem 

:haonel flanked by one to three stepped terrac:e surfaces. Several small landslide blocks 

(Ql~) were observed at the base of steep side ,.lopes (Plate 1). 

Quaternary sediments are subdivided into dcpo~.its underlying surfaces Ql through Q4, from 

·oldest to youngest (Table 1). A schematic p:ofile and a me:tSured profile of the inner 

canyon surfaces and o! the valley floor and lower talus slopes itrc: shown in Figures 3a nod 

3b. Quaternary deposits include alluvium in ch:mnels, terrace deposits along the main 

d·rain::\ge and tributary drainages, fan deposits from side drainages, and co1luvium and talus 

along valley side slopes (Table 1: Figure 3). 

Otl sediments consist primarily or fluvial terrace: deposits near the valley floor and colluvium 

underlying vaJJey side slopes (see Plate 1). Qcl colluvium is generally graded to partially 

buried Qtl terrace surfaces. Qtl terrace deposits are a minimum of S feet thick at location 

LA·l7 and a minimum of approximately 8 feet thick at iocation LA-21 and arc overlajn by 

one or more feet of colJuvium in most locations (Figure 4). Qtl terr,.ce deposits are 

generally coarse·grained, comp, ising weakly-imbricated cobbly gravel (e.g. I..A-17) which 

may overlie a fining-upward sequence from gravel to fine sand (•!.g. lA-21 location). 

Cbil::oal was observed in fine-grained sediments at a depth of 2.5 fec:t in a burned layer or 
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Tabie i. SumnHH)' (jf Los Aiani\ls Canyon i h.Jtocene Stratigraphy 

·- ....... GEOfo.fORPJIIC SURFACES/ SURFACE AGE BASIS FOR AOE ESTIMATE 
TYPF. OF DEPOSIT BEIGHP 

Qa.J • Arth·e channel (induding main 0 Ml.'dcrn Evidence for active transport {flowing 
drainage and acth·c point bar deposits), water in channel, pine needle mounds, 
active a\h1\'ial fan and tributary drainage fresh sedimtntation or incision, etc.), 
dtposits. deposits romposcd primarily of round.:d 

quartzite and granite pcbb1t'i. 
Of-t • t\clivc far; and side sl0~ deposits 

Qt.l • llistoric ttuace deposits and llo3feet Less than Presence of rounded quartzite and 
vcg~talcd point bar deposits 50 years granite pcbhlcs in 0<113 deposits, 

prcsrnC"t~ of recent flood debris, burial of 
Qcl • Historic colluvial deposition at the tires, concrete, cuh·crts, and other 
base of steep side slopes historic ;)rtifacts; lack of soil 

dC\'C !opmcnt. 

Uri- Young terrace ucpo:.ii:. 2 to 6 f~;:t Hi~tmi:: to Fe'.\" fl.)•.m1rd qu~rt7irt: pehhfes present in 
5\!n~ral hofated !oc~tions in Qa!! <.~~its, 

Qb2 - Boulder bar deposits on Q2 surfaces hundred prcscf\·ation of bar and swale 
}'tars topography, pres~ nee of large: trees on 

some surfaCl:s. lack of soil development. 

Qtl - Older tcnare dcpo~its 6 to 14 feel Holocene Incipient soil dc\·dopmt"nt; stratigraphk 
(less than position relative to Qall; deposits lack 

Qcl -Older alfu..-ial rerrac~ deposits 10 ka) historic artifacts. 
G".-;::r!~in by cc!!u\·ium grading in11.:' v;tlf,~y 
side slope collu\'ial deposits 

• Terrace or fan height abo\·c local base level 
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. .. ..----------------------·---------.·,, 
FIGURE 4, SOlL/STRATICF!A.?J-UC DECRJPTION !?ROM 

STRE:AM CUT INTO c:;u AT LA-17 
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GLORlETA GEOSCIENCE, INC. 
buried soil borizoo below a cobble layer at tA-22. Otl terrace surface!; are located 6 to 14 
ti~et above local base level and mny i.nclude :;ome ·tn.mcated Qfl fac surfac~o; (Figure 3; 

Table 1). 

Qt2 sedir:lcntr. (Qal2) consist of terrace deposits at or near the valley O·:>or. Qal2 is greater 
than 2.5 feet thick and typically consists of sandy, massive to weakly im.bric:ated medium to 
c:oarse pebble-size gravel, fining upwards at sc·me locations to gravelly sand (Figure 5). 
Isolated rounded quartzite pebbles arc observed in some locations within Qal2. Black scoria 

up to 0.5'' (b·axis or median diameter) are buried approximately 2.8 feet be.low the surfaC'.e 
within Qal2 near the LA·l profile )oattion. The origin of these scoria fragments is 

llnknown. but they are probably historic as ther( is no known source in tbe bedrock canyon. 
Sl)me Oa12 deposits have a darkened surface berizon approximately 1 foot thick containing 

:minor clay or sHt which either represents a fining upward sequence or an AC horizon. 02 
terrace surface.~ are locmc:d 2 to 6 feet above lr)C'd) base level (Table 1: also see Appendix 

.A) . 

Qal3 sediments cansist of terrace deposits alortg the maio drainage: and tributary streams, 
and colluvial dcpo~its at the base of ~tecp vallty side slopes (Plate 1). Q;il3 sediments are 
1 to 3 feet thick cmd include buried pine needles, quartzit: and granite pcbbh:s, tirts, 

·concrete £r~gmcnts, and a variety of other man-rnade materials which post-date the initial 

development of TA-2 and TA·41. Terrace ·~cposits generaJJy consist of medium sand 
overlyinJt a coarse-grained gravel lag deposit (Figure 6), and include fining upward or 

massive sandy cieposi~s. Qa13 typicaJJy overli•:s Qal2 sediments (Fi1:urc 6), where it may 
represent a :;trath terrace deposit. 

Gravel composition in Qall, Qal2, and Q.:~13 deposits consists primarily of pumice, 

subrounded to rounded Tschicoma dacite, and subf\ngular to subrounded tuff. Rounded 

quartzite and granite pebbles occur rarely in Qal2 and commonJy in Qal3. Qa4 deposits in 

the main channel and in tributary drainage:; conr.ain a relatively greater proportion of 

rounded quartzite and granite pebbles reworked from the roadbed materials in LA Ca11yon 

or from the townsite above the car.yon. Blocks of ccmentec;; aggrer,ate are common both 
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• Medium sand with minor clay: gravel lag at b~ ol deposh 
-Fluvial, undy gravel 

Figure 6. Photograph showing stratigraph:t and soil horizons in l~al3 
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i:o the main drainage and in tributary channels into LA Canyon. 

JJ, SOILS 

Soils developed io Oall through Qal4 in LA Canyon exhibit little or no pedogenic alteration 

•¥itba maximum profile thickness o[ 1.1 feet rrable 2). Qa13 nnd Qal4 may, however, be 

distinguished from QaJl based on soil developrr.:ent. QaJJ and Qal4 sedimen~ exhibitc:d no 

]~dogenic alteration: no carbonate acctJmulatiort, soil!itnlcture developrnent, or horizonation 

,f.-as observed (Table 2; Appendix B). By comparison, soils developed in Qall uave a slightly 

~~arkened scrt'ace horizon (IOYR4/2 dsy color) which was designate1:! as an AC horizon 

{Table 2: Appendix B). The AC horizon as def:ned for this report rcp1esents a surficial soil 
' 
;~orizon which is slightly darkened, yet soiJ structure and other soil cbatacteristic:s are absent 

~~r poorly developed so that it is transitional between an A and a C horizon. The AC 

:~orizoo is 0.6 to 1.2 feet thick and has weak suhangular blocky or gran;ular structure. Most 

Qal2 soils exhibited no pedogenit: alteration an,:f could not be distinguished from Qa13 soils: 

:bowever, one Qal2 profile (l.A·23} exhibited a 1.1 feet thick AC bc,rizon ~imilar to that 

·~bseJVed in Qall deposits. Qal2 deposits therefore cannot be distinguished from other 
' 
deposits in the canyon based ou ~;oil development. AlJ soils described in Los AJamos 

Canyon were noo-caldc. with the exception of the discontinuous coatings ou some reworked 

clasts in the LA-17 profile from Q;,n (fable :!; Appendix B). 

C. EffiMATEI.> ACE OF DEPOSn'S 

. ,, 

:The estimated ages of Qall tbroug.b QaJ4 are based on the presence of cultural matedals 

:which post-dnte the initial development of TA-2 and T A··41, relative soil development, 

;stratigraphic relationships, and comparison with Quaternary deposits iu adjacent DP Calli)'OD 

:at Technical Area 21 wbicb have been radiogcnically dated. Based 1)n the estimated l~ges 
!of sediments in Los Alamos Canyon, overall aggradation has occurred since the Ji.ate 
. ' 
i Pleistocene. and periodic erosion ctnd deposition have occurred duri1Jg the late Holooene. 

;ne presence of El Cajete pumice .at a depth c,f approximately 30 feet and a total thickness 
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Table 2. Summary of Soil Charaeteristics for Los Alamos Canyon Deposits. 

UNIT DEPOSIT PROFILE ACHORIZON CARBONATE CLAY CCL OR/ MAXIMUM 
THICKNESS FILMS OARKEN!NG (OR'V) 

04 OaJ.4 - - - ~ .. 

03 Oall IC 0 none I'IOrlt IOYRS/3 
IIC obstrvtd 

02 oa~ IC 01AC Olo 1.1 ftel ~ ~·,o IOYR5!2; 
_. IIC C; <'bst~~ 0 horizooi1 17\ 

0 horilon 10VR3.'? 
!~!-!don•' 

,x•nnl 
01 Oall AC 0.6 t.l1.2 , .. , Mntob"rvtd ·~ t0Vil412 

c In matri1, .•c.m• 
carbooatt co.tings 

on clasts, (liktfv 

rtworhd) 

SffiUCTURE 

.. 

massive to 

weak sub-

angular blocl!y 

mntlvtto 

wult 

lubanguJar 

Nocky 

"~ lfaQIUm 

1ubaogular 

bfOt:ky 

AGe 

M~rn 

ltn than 

50ytars I 
J 

ltss thao I 
SO years to ] 

~edy.ars I 
(trees graaltr 

' 
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(less lhan 
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c•f valley 611 sediments of approximately 60 feet at LADP3 (Broxton et al., 1994) indicates ;: 

tb:lt Los Alamos Canyon has aggraded during the latest Pleistocene ancl Holocene (e.g. 

(luring the past 60 ka) at that tocation. If El Cajete pumice is also present in the alluvial 

borings recently completed in lA Canyon withb OU-1098, it is apparent that LA Canyon 

ltas also experienced net aggradation during the past 60,000 years th.rougbout OU .. l098. 

Based on the age estimates developed during this investigation. Pleistocene .. agc surfaces are 

not preserved in J..os Alamos Canyoc within QU .. 1098 and are likeiy buried by younger 

;alluvium. 

Unit Qal4 shows evidence for active transport which includes sediment mounds behind 

t:Jbstructions, buried v~getation. evidence of scc•uring, absence of or sparse vegetation, nnd 

:Qowing water in the main channel. In comp;trison, 03 surfaces ha•1c been stable for a 

:;ufficient length of time to become: vegetated with small trees, shrubs, and grasses. Qa13 

.deposits partially bury trees and contain buried pine needles, quart!.ite and granite pebbles, 

:circs, concrete fragments, and a variety of other cultural materials burkd below 03 surfaces. 

'These materials date from the time period between the early 1940's and the present during 

wbicb TA·2 and TA41 have been in usc. Qal3 de: posits are therefore Jess than 50 years oJd. 

·03 surfaces also show evidence of recent flood deposits, including r,rass mats, mud, and 

-cultural materials such as plastic bags suspenc!.cd in trees above the height of 03 surfaces 

and deposited on Q3. Qal3 is similar to the 0::.13 deposit in Bayo Canyon, which is also less 

than 50 years in age (Drake and Inoue, 1993). 

Qa12 deposits contain historic materials (rounded quan.zite pebbles) in some locations 

(primarily in the area just west of TA-41), but appear to be devoid of historic artifaCf5 in 

OU·1098 east ofTA-41. Some 02 surfaces, panicularly in the area •:ast ofTA·2, suppon 

a growth of large (greater than 12 inch·diamet:cr) Douglas Fir (Pscudmsugas mcn:kss1) and 

Ponderosa Pine (Pinus pomkro.ro), suggesting a minimum age of several hundred years for 

Qal2 east of TA-2. Qa12 deposition may be time-transgressive in lA C'loyon, and may 

. represent cutting and filling to the 02 surface e.levation over a time period of several 

hundred years. Q2 surfaces in LA C"...anyon m:1y therefore range in age from approximately 
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50 to several hundred years in age. 

Age estimates for Qall arc based on lack of culttmtl materials in Qall and relative soil 

development. Qall deposits do not contain his::oric materials and are therefore greater than . 

:50 years old. Based on soil development and comparison with dated deposits in DP Cnnyon, 
:QaJl is Holocene rather than Pleistocene in age. In DP canyon, two L;ne Pleistocene 

depc»its yielded stratigraphically consistent radiocarbon ages of 26.7 ka and 21.6 ka 

(Reneau. 1993). Both of these units are som·~what indurated day-rich deposits which arc 

·apparently much older than the relatively loose Qall deposits. A slopcwasb deposit graded 

to a level approximately three feet above base level in DP canyon wa$ deposited between 

:5.4 and 2.0 ka in DP Canyon (Reneau, 1993). The lack of soil devclo?ment :n this deposit 

:and height of this surface above base level suggest that the 5.4 to 2 ka DP Canyon 

slopewasb surface may be similar or sligb:Jy younger in age than Qal L 

'The very weakly developed Los Alamos Cany•)D Ql soils which lack B bori2ons (clay films 

.are absent. soil structure is wcakJy developed or ;~b.sent, no reddening was obseJ'\'ed) and 

·exhibit very little or no accumulation of pedog~nic carbonate: also indic:1tc: that Qa!J deposits 

are likely Holocene in age. Soils developed in Holocene alluvial deposits throughout the 

southwestern United States typically exhibit Sutge I carbonate morpbolllgy (Machcttc, 1985). 

AJtbough developed in sediments wbieh differ lithologically from the LA Canyon depc1sits, 

soils described in the Espanola Basin and Galisteo Basin for which some: age control is 

available also provide some basis for compari:;on. Soils developed in Holocene deposits in 

·the Espanola basin exhibit stage 1 to II carhonme horizons, and soils developed in Late 

Pleistocene deposit~ exhibit St11ge III carbonate horizons (Detb1er et al., 1988; terminology 

-.after Gile et aJ., 1966). Soils developed in a ceposit wbich buries a mammoth tusk loc-.ated 

in the GaHsteo Basin southwest of Galisteo at an elevation of approximately 6400 feet is late 

PJeistocc:ne age (between 10,000 and 100,000 years old), exhibits a Stage II-HI carbonate 

morpbo~ogy and a well developed Bt horizon (Gltlrieta Geoscience, Inc .• unpublished data). 

Based on the Jack of B horizon, absence of a well-developed A horizon, or development of 

carbonate morphology. and based on comparisor1 with the DP Canyon "slope wnsh" su:rface 
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(:;.4 to Z ka). Qall ~likely Holocene in age (10 ka or less). 

It AREAL EXIENT OF SURFACES 

With the exception or wider canyon Door areas occupied by TA-2 and TA-41, the lA 

Canyon bottom area occupied by Holocene: surfaces 01 through Q4 i:; approximately 200 

f~et wide. 1be road through the bottom of the canyon and construction associated with the 

technical areas occupies a portion of this area and has been mapped as "Disturbed" (see 

J,Jate ;). The remainio8 area covered by QJ .. Q4 surfaces represents a narrow strip alon8 

1he canyon bonom SO to 200 feet wide between 100-300 talus slopes and/or road bed 

construction (Plate 1; also sec Appendix A). The majority of this narrow strip is ot:eupied 

by Ot2 and Qt3 surfaces Oanlcing the active channel (0a4). Some i~.oJ;ued Qc3 deposits 

..werlie Q2 surfaces or overlie older :;ide slope and ta)us deposits. Unit Qa4 also includes 

:!\ctive fao surfaces and drainages which typically head on the north side of the canyon or 

which bead in disturbed areas on tlu: south sidr: of LA Canyon (Plate 1). Qa4 surfaces are 

:superimposed on Ql. 02. and 03 surfaces (i.e. Qal4 fan deposits ove~lie the older historic 

.and Holocene deplsits in the c.1nyon). Otl surfaces are preserved as narrow surfaces at the 

base of talus and valley side slopes, and are often buried by colluvium or talus. Qcl surfaces 

are va1Jey sid~ slopes graded to Otl which are best exposed ncar the t!ast end of OU-1(;98. 

The terrace sequence within OU-1098 is be~t defined in the area between TA-41 and tbe 

eastern boundary of the Operable Unit. We::t of TA-41, a single J~w tem1ce is present 

between the modern channel and 01 or valley ;ide slopes. This surface was mapped as Q2, 

based on the presence of isolated, very narro•.v (less thnn five feet 2;cross) low, vegetated 

inset fill deposits and associated surfaces between the modern channel and 02 surfaces (see 

profilf!S IA-20 and LA-22). 

In addition to Ql through 04 surfaces, boulder bar deposits (Qb2)- and slump blocks or 

partially detached landslide block!- were also mapped in LA Canyon. Unit Qb2 occurs as 

two isolated units, located near the east and W!St. boundary of OU-1098 (Plate 1). Deposits 
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underlying Qb2 ovcrHe Qt2 Md consist of coar.;e gm"cl between O.S ancl l foot in diamctc:r. 

Qb2 deposits HkcJy represent the gravel lag depo!>itcd as a longitudinal bar from a sin!lc 

high-discharge flood event between the time o( Qal2 and Qal3 deposition. 

Several partially detached landsiide blocks were mapped ncar the wcstJ:m end of OU-1098 

(Plate 1). Several fresh scarps, 2 to 5 feet hinh. were obscJVed at t!:le top o£ the slurnp 

blocks. These small slump blocks arc located abo"e the road cut for the paved road through 

the canyon and have likely been cau:;ed by undermining of the slope by the read cut and by 

runoff which bas been concentrated between tb: road and the talus s:iopc. 

E. STREAM FLOW 

The main cbar.nel in lA Canyon is intermittent in nature during a significant portion of the 

year. Additional information regarding the natrm: of the interrelation between surface and 

shallow groundwater in the canyoo could be obtained by installinr. stream gauges and 

piezomctezs along the main channel. 

F. CON&;ENIRATION OF QEBRlS JN EMBAYMENl ADJt\CENT TO TO\VNSITE 

A concentration of debris trom the Los Alamo:; Townsite was mapped in the em bayed area 

above TA-41 (Plate 1). Debri!; appears to have been dumped over the canyon waH, and 

includes tires, broken glass, sheet metal, and e<m:rete vaults wbieb may be old septic tanks. 

Other areas which lie directly below the Towm;itc may also have concentrations of this type 

of debris bur were not examined oc the grour;d during this phase of mapping. 
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.TV. DISCUSSION 

,\.. SUGGESTED SAMPI . .JNC l..OCt\TlONS 

. _, 

.. 
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Any contaminant"iwhich may hcwe been generat•:d from TA-2 and TA-41 would likely occur :. 

wilbin Qa13 and possibly Qal2, since these units have been deposited during the 

development of the Technical Areas in the cany,,n, The associated 03 and Q2 surfaces also 

represent locations with sediment flux occurring at present. 03, 02. and associated 

underlying alluvium Qal3 and Qal:! should th•:refore be the primar:' sediment sampling 

t<trgets for an evalul\tion of possible soil conu:mination in LA Cany''"· Qa:4 represents 

active deposition and is also an appropriate sampling target. Suggested sampling depths for 

0al3 ~nd Qa12 range from O.S to 3.0 feet below the ground sur(ace. depending on the 

thickness of.the deposit. Suggested samplh~g de:plhs for sediments underling Q4 surfaces 

are 0 to 2.0 feet below the ground surface. Qal3 and Qa14 sediments located in the 

embayed area below the Townsite are also appropriate sediment smnp1ir.g targets. Qall 

deposito;; are likely several thousand years in age and thcrc:Corc: shou'ld oot be tnrgel.ed as 

primary sediment sampling sites. Qall depcsit; may instead provide good sampling targets 

for evatuMiog background contaminant levels in LA Canyon. 

B. RECENT GEOLOGIC HISTORY OF LOS Alt.d.MOS Ce).NYO~ 

Incision of Los Alamos C1nyon began scmetime after deposition of the Bandelier Tuff 

(fshirege Member) a! 1.2 Ma. Evolution of tbc LA Canyon ~-ystem w."-" tikcJy characterized 

by alternating incision and aggradation throughout the Pleistocene: however, net incision of 

the system occurr~d until approximately 60 ka ·~e.g. the latest Pleistocene), at which time the 

Canyon bad incised to a depth bel'.vec:n 30 and 60 feet below the level of the present valley 

Ooor. Subsequent to this period o£ net incisicm, Los Alamos Canyon hn5 experienced net 

aggradation during the latest Pleistocene and Holocene, based on burial o{ reworked Et 

Cajete pumice with an estimated age: of 60 ka at a depth of 15 l•:> 30 feel. Periods of 

incision likely occurred during this time perbd as well. It is possible th;tt the timing for 
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aggradation of the valley Ooor is later than 60 J:a, if El Cajctc pumiet: was reworked a:~d 

deposited in the canyon at a later time. No reeo::d ofPJeistoccne deposi.tion or preservation 

of Pleistocene surfaces above the valley floor b:ts, bowever, been idcr.1tified in the vicinity 

c;f OU-1098. Any Pleistocene sedimentary deposits in the project ar,:a either have been 

eroded and transported downstream or are buried by Holocene sediments. 

The Holocene sedimentary record indicates that multiple periods of cr,,sion and deposition 

have occurred throughout the Holo•:eoe. The ba.'ie of QaJl has not been observed during 

this field investigation; it is therefore unknown if older alluvium or bedrock ~nderlies Qall 

in lA Canyon within OU-1098. The presence of Qa and Qt3 surlaces and underlying 

deposits along the main drainage indicates that at least two cyc:les of incision and 

aggradation fo.Howcd by a third period of incision have occurred du:ring the past several 

hundred years, wi~b the deposition of 0.5 to 3 {ec:t of sediment since development started 

in Los Alamos Canyon. In areas wbere QaJ2 is an historic deposit, these periods of incision 

and aggrcdatioo ha\'c occurred during the pas: SO years. 

The multiple episodes of recent erosion and deposition, lack of a sc:dimcnt:uy record of 

Pleistocene deposits i::1 the area, and the pr<:scnce of up to 3 feet of historic sediment 

indicate that tile Los Alamos c·myon drainage network is a VCI)' dynamic system. Sediment 

is apparently cycled through Los Alamos Canyon on a time scale of 101 to 10~ years, and 

sediments prt"dating the: Holocene have eitbt:r been stripped and rt:workcd, transported 

downstream, or buried beneath younger sediments. 
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V. CONCLlJSJONS 

.. · . 
" I 
t.; 

~( .. ... 
. . 

Incision of Los Alamos Canyon began somcti::nc after deposition of the Bandelier Tuff '·: 

{Tshirege Member) f\t 1.2 Ma. Evolution of the LA Canyon ~)'stem was likely characterized 

by alternating incision and aggradation throughc·ut the the Pleistocene; however, net incision 

of the system occurred until the latest Pleistoc<me (at appro:\.inmtely 60 ka), at which time 

the Canyon had incised to a depth between 30 and 60 feet below the leveJ of the present 

valley floor. Los Alamos Canyon bas subsequently experienced net aggradation during tbc 

latest Pleistocene and Holocene (during the pa:;t 60 ka), although this time period was also 

likely characterized by alternating periods of inci5ion and aggradation. TI1e Holoccn~ 

:oedimentary record indicates thar. m·ultiple perbd:; of erosion and depc1sitjon have occurred 

throughout the Holocene. 

Los Alamos Canyon is a very dynamic system ir. terms of sediment transport and deposition. 

At least two cycles oi incision and aggredatior.; followed by a third pc·riod of incision have 

occurred during the past several tundred years, with the depO$itio!l of 0.5 to 3 feet of 

sediment along the trunk stret\m since develo:)ment started in Lo~ Al:tmo~ C·myon. 

Qal3 and pos.o;ibly Qal2 have been deposited during the development of the technical areas 

in the canyon. ·n,ercfore, these units represent appropriate sediment sampling t.1.rgets to 

identify potential contamination associated with usage of the tc1:hnicaJ areas. Qal4 

represeoLo; active deposition and is aJso an ilppropriate sampling target. Qall deposits arc 

likely several thousand years in age and therefore should not be targeted as primary 
sediment sampling sires. Qall deposits may instead provide good sampling targets {or 

evaluating background contaminant levels in LA Canyon. 

Soils developed in Qall through Qal4 in Los Al4tmos Canyon exhibit little or no pedogenic 

alteration with a mnxlmum pro.file thickness of 1.2 feet (Table: 2). Qall may be 

differentiated from Qal3 and Oal4 based the pre.-;ence of a slightly d:trkencd AC horizon 

with weakly developed soil structure in Qall deposits (Table 2). Qa'2 sons exhibit 
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characteristics of both QaJ3 and Qa)j soils, and therefore cannot be used to distinguish Qal2 
dcposi~ from other units identified in LA Canyon. Geomorphic surfaces in Los AJamos 

Canyon are underlain by deposits which are likely Holocene in age and include two surfaces 

that are several hundred yenrs oJd or younger (Table l ). Terrace surfaces are located within 

IS feet of modern base level. indicatiog t11at the: trunk drainage in Los AlamCis Canyon has 

been near its present base level during the multipl4: cycles of erosion and deposition that 

have occurred since the Mid-Holocene. 

No age control is presently available for Qall. Since charcoal bas b•:en observed bur:icd 

within Qall at 2.5 feet below tbc surface at Ll\ - 21, GGI rccommc::tds returning to 1his 

location to collect a sample for C1~ analysis. A detailed soil and stratigraphic description 

sbf.)u)d also be comp)eled when the charcoal :;ample is collected. 1bis will provide age 

control both for Qall and for the incipiently d•!vclc,ped Qnll soil. 
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Los Alamo• Canyon Profile l.A·1. Onenlation: N30E 

Stanon X Oist.anc::. X Total v Oisranee yTora1 

5N <eo4., 69.5 23.A7 30.0 

4N 14 25.4 2.~ 6.6 
3N <4.5 11.4 1.00 4,4 

2N 5.4 6.9 o.eo 2.5 
1N , .!i 1.5 1.65 1.7 

0 0 0 0.00 0,0 
1$ -4.5 -4.5 .().1 0 .(),1 

25 ·1.8 -6.3 3.00 2.9 
35 .v1.e .:J7.9 1.35 4.3 
4$ •10.2 o<l$8.1 4,('0 9.0 
5S ·26.5. ·74.6 .()., 0 8.9 
6S ·f.6.6 ·141.2 8.66 17.5 

75 ~7.2 ., 78.4 10.10 27.6 
85 -41.7 ·220.1 19.44 47.1 

GLORIEtA. GEOSCIENCE, INC. 

Comrn.nts 

Lit:~ lower raJ us slc:pe, lalus ·:Onlinues Ill similar 

angle to bas" of cliff to nor.·h 
Across terrace, ban of talt.;t: 
Onto higher terr.tce (02 ?) 

Aerosa terrace 
On low historic terrace (03 ?) 

N side or channel 

S sldff or chanAAI 
Onlo seeond terrace (02 ?) 

AO"oss terrace to base or enbankmont 

Top 01 road !:>ed 
Across road to valley side ·slope 

Across valh~y side slope (01 ?), area has been modirlid 

with bulldozer cuts. plies el bouldory debris, etc. 
Lower talus sJOPtt 

Main talus slope, continues upward toward canyon rim 
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: Los Alamos Canyon Profile LA·2. OrientatiDn: N30E Comments • .. 
l: 

Stallon X OistancP x Total y Dislaneo y Tctal • I· 

7N 81.3 250.9 33.00 60.6 lntermedinto talus; slope, slope steepens, talus ;· 

is Dloeks of Tshorige Tuft '' 
6N 44.2 169.6 12.70 27.6 Lower talus slope· 

5N 68.4 125.4 9.40 14.9 Aeroas valley sid,, slope to base of talus slope 

4N 49.8 57 1.15 5.5 Across terrae&-b~tse or road cmbanScmenl 

3N 3.4 7.2 2.30 4.3 On higher terrae«• (02 ?) 

2N 1.8 3.8 0.60 2.0 Across terrace 

1N 2 2 1.40 1.4 On low terrace (Cl3 ?) 

0 0 0 0.00 0.0 N sido or channel 

1S ·4.3 -4.3 -0.40 -0.4 S side of channel 

2S ·4.'1 ·8.4 2.10 1.7 Onto 02 

3S ·22.4 ·30.8 1.80 3.5 Across 02 
4S ·17.2 -48 11.10 14.6 Up old stream e~1t bank 

ss -~.9 ·91.9 25.20 39.8 Up talus slope, talus slopo conlinues to rim 
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~' ~: 
' • , Los Alamos Canyon Profile LA-8. Orientation:N·S Commonts ·' 

.. 
I 

Station x Oistanc:., xTotal y Oistanco y Total ... 
4N 50.5 69.1 7.55 19.6 Across colluvial wedge to base of talus slope .. .. 
3N 13.5 18.6 10.00 12.0 Up stream cui 10 :~ouldory colluvial wed9e 
~N 4.5 5., 0.70 2.0 Across 03 
1N 0.6 0.6 1.30 1.3 On03 
0 0 0 0.00 c.o N side ol channel 

1$ ·3 ·3 0.00 0.0 S side of channel 
2S ·0.5 -3.5 1.55 1.6 Onto 03 
3S ·2.2 ·5.7 0.60 ~.2 Across 03 
4$ ·4.4 ·1 0.1 1.95 4.1 Onto 02 
5S -42.5 ·52.6 ·0.75 3.4 Across 02 to bate of rond enbAnkmont 
ss ·17.5 -70. ~ 5.50 fJ.9 To top of road enbankment 
7S -16 ·86.1 0.3 9.2 To rGnCG N of road 
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'· • 
'• f• · Los Alamos canyon Profile LA-9. Orientation: N-S Comments •' .. 

Near gate to T A-2 ,} 

I 
\I 

... Station x Distance x Total y Oistanco y Total .. . 
4N 34.2 63.5 13.82 24·.0 Up lower talus slope '1 

3N 12 29.3 6.95 10.2 Up stream CL.o1 
2N 13.1 17.3 0.90 3.3 Across 03 to base of talus 
1N 1.2 4.2 2.35 2.4 Onto 03 

0.5N 3 3 0.00 0.0 Across channel to nonh side 
0 0 0 0.00 0.0 S side of cha.nnel 

15 -3 ·3 1.05 1.1 Up onto small inset fill (04a ?) 
25 ·3.2 -6.2 1.65 2.7 Onto 03 
3S' ·9.8 ·16 0.70 3.4 Across 03 
4S ·2.9 ·18.9 0.60 4.0 Onto 02 (?) 
55 -6 -24.9 0.70 4.7 Across 02 te base of road enbankment 
65 ·7.1 ·32 2.9C 7.6 To top of road onbankment 
7S ·34.5 ·66.5 1.95 9.6 To fence on N side of road 
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GLORIETA GEOSCIENCE, INC. " .. 
.. 
~: 

l.os Alamos Canyon Pro rile LA·1 1. Oriontatlon: N·S Common Is 
~ ~ 
. 
.. . . . . 

St.tion x Olstaneo x Total y Distance yTotal 

7N 31.7 108.3 14.80 30.3 Lower talus slope .. 
6~ 7.5 7G.6 2.10 15.5 Across possible 01 surface 

SN ~6.8 69.1 9.30 13.4 To top o1 posslt•lo truncated 01 fat1 surface 
4N 38.5 52.3 0.70 4.1 Across 02. baso of slope 

3N 5.7 13.8 1.45 3.4 Onto 02 

2N 7 8.1 0.50 2.0 Across 03 

1N 1.1 L1 1.45 1.5 Onto 03 

0 0 0 o.oo 0.0 N sido of channel 
1S ·4.9 -4.9 0.15 0.2 On rocks noxt 11~ channol, S side 
2$ -1 ·5.9 1.50 1.7 On 03 above clu:r.ncl 

3S ·14.4 ·20.3 0.30 2.0 Across C/3, base of road fJMbankment 
4$ -10 ·30.3 5.05 i'.O To road grade 

ss -55.9 -86.2 0.55 7.6 Act'oss road, bllSO of valley side slope 
6$ ·26.7 ·112.9 4.10 11.7 VaHey side sloj:e, fan deposit 

75 ·28.6 ·1 41 .s 6.34 18.0 Valley ::Ide slope, old fan deposit 

8$ ·25.3 ·166.8 11.53 29.5 Lower ralus slo:>o 
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Los Alamos Canyon Profile LA·15. Orientation: N-~) Comments •' 
·, 

·' 

yTf:ltal 
•,• 

Station x Distance x Total y Oi·stance . •· 
7N 26.9 59.7 10.n 15.1) Lower talus slope, talus overlies 011 gravel 
6N 15.7 32.8 0.80 4.8 Across 02. b3se ot talus . 

··' 
5N 6.1 17.1 2.00 4.0 Onto 02 
4N 7.8 11 ·0.05 2~0 Across 03, base of 02 
3N · 1.8 3.2 0.80 2.1 Onto 03 
2N 0.9 1.4 0.35 1.3 Across inset lill 
1N 0.5 0.5 0.90 0.9 On small insttt fill (04a) 
0 0 0 0.00 0.0 N side of channel 

1S ·1.2 ·1.2 ·0.05 ·0.1 S side o1 channel 
2S ·0.8 ·2 1.35 1.3 Onto sloping 03 surtace abovt: channel 
3$ ·2.9 ·4.8 1.05 2.4 To top of 03 
4S ·12.6 ·17.4 ·0.75 1.6 Across 03 tc· base of road ent:ankment 
ss ·19.8 ·37.2 5.88 7.5 To road grade 
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Los Alamos Canyon Profile LA-16. Orientation: N·S 

~I 

I 

, -
,) 

• ! 

l.• 

Protilelocarld adjacent to 02 locatlon wher• rour..:fed quartzite pebble apprc•:<. O,Sx0.5x1.0 in, 

was found ar 1 .o tt. btflow surface. 02 surfAce als.) h111 numerous oxollc clal>ts. 

. ,, 
i..: ..· 

Statlon x Oist•neo xTolal y Oh•tance y Total Comments 
7N 39.1 128.1 12.70 27.83 Lower talus slope, s.Ceepor talus slopo above 

6N 43.1 89.0 5.68 1~.13 Across colluvial wedgo 
SN 20.3 45.9 4..45 9.45 Onto colluvium weclge at base of slope 
4N 17,7 25.6 1.65 s.oo Acros:; 02 
3N 4.0 7.9 1.25 3.35 Onto 02 
2N 1.1 3.~ 0.45 2.10 Across 03 
1N 2.8 2.8 1.65 1.65 Omo 03 
0 0.0 0.0 0.00 0.00 N :ide of channel 

1$ -4.1 ·4.1 o.so 0.50 S side of channel, c1n small gravel bar 
2$ ·1.0 ·5.1 2.20 2 70 Suspicicus looking, hummucky arelt, likely modified 
3S -39.7 -44.8 1.35 405 Depositional area, possibly 02 overlain by 04n fan 
4S -10.7 -55.5 4.10 815 Onto roadbed 
5S -40.2 ·95.7 1.05 920 Aeros:; road, base of talus slop• 
6$ -29.7 ·125.4 14.81 21•,(11 Lower talus slope 
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Los Alamos Canyon Profile LA·1 8. Orienmtion: N·S Comments f; 
·' 
.i 

Station x Distance x Total y Distance y Total 
,, 
t• 

SN 32.5 ~10.4 19.10 40.1 Talus slope 
. ,. 

:., 
4N 33.8 77.8 8.70 21.0 Base of talus., lower talus slope ., 

3N 29.0 44.0 5.05 12.3 Across collwial wedge on top of 01 
2N 10.3 ~5.0 1.60 7.2 Across 01 
1N 4.7 4.7 5.60 5.6 On01 
0 0.0 0.0 0.00 0.0 N side of c~mnnel 
15 -1.2 -4.2 ·0.60 ·Cl.6 N edge of water 
25 ·3.8 ·8.0 0.15 ·0.5 S side of ch,annel (small bar) 
3S ·1 .7 -9.7 . 1.80 1.4 Ontc 03 
4$ ·14.7 ·24.4 0.00 1.4 Across 03, ctctive surface with partially 

buried tire. t.ase of enbankment 
55 ·13.4 ·37.8 6.40 7.8 Up to road s1rade 
6S ·95.7 ·133.5 0.50 6.3 Across road, base of talus slope 
75 ·9.7 ·143.2 5.05 13.3 On top of small slump block 
8S ·12.0 ·155.2 2.20 15.5 Across slump block, base of ta.lus 
9$ ·25.6 ·180.8 17.4(1 32.9 Lower talus slope 
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GLORJETA GEOSCIENCE, INC. 

· Los Alamos Canyon Profile LA-19. Orionrarlon: N1!iE·S1SW 

Station x Distance ~Total 

3N 62.5 96.3 

2N 32.3 33.8 

· 1N 1.5 1.5 

0 0.0 0.0 
1S -3.G ·3.6 
2S ·3.0 ·6.6 
3$ ·5.0 ·1 1.6 

4S -33.6 ·45.2 
ss -41.0 ·86.2 

65 ·35.1 ·1 :?1.3 
7$ ' ·29.2 ·150.5 

y Oi$tance 
21.52 

0.65 

2.~0 

0.00 

-0.10 

2.40 

0.90 

9.18 

·1.00 

8.10 

14.25 

y Total 
24.47 

2.95 

2.30 

0.00 

·0.10 

2.30 
3.20 

12.38 

11.38 

19.48 

33.73 

Commenl$ 
Lower talus slope 

Across 02 surlae11 to base of vttlley side slope 

On 02 ~urface 
N side o1 channel 

S side of cnannal 
Onto02 

Across 02. bose •::11 rol\d enbanlo:ment 

To road bed 

Across road, bas·~ cf litlu~ slope/eolluvlal ·.vedge 

Colluvial wedge 

Talus slope 

.. 
~ ' 
' . 
·' .. 
, . .. 
,} 

)'• 

• I· 
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LOS ALAMOS CANYON PROFILE LA-20 
VIEW UP-CANYON: ORIENTATION N- S 
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Los AlatTIOS Canyon Profile LA·20. Onentntton: N-S 

S1anon X Oittance x1'otal y O•stanc. yTou~ 

3N 42.1 ~7.9 16.~ 20.24: 
2N 111.2 15.8 2.-40 3.65 
,N 1.6 1.6 1.25 1.25 
0 0.0 0.0 0.00 0.00 
15 ·5.0 ·5.0 0.10 0.10 
2S •2.1 •7. t 2.25 2.35 
3$ ·13.3 ·20.4 1.05 3.40 
4$ -3.9 ·24.3 1.85 5.25 
5$ •O.S ·33.6 uo 6.3S 
dS -37.5 ·71.3 e. co , -4.3!; 
:'S -4,7 ·76.0 0.00 15.2!i 

13$ -30,5 ·106.5 0.25 15.50 
liS ·20.6 ·127., 9.20 24.70 

10S -ss.s ·182.6 11.28 35.91) 
11$ . 

·11 .7 ·194.3 3.40 39.31J 
12S ·26.0 ·222.:3 15.50 54.8U 

G~ORIETA GEOSCIENCE, INC. 

Comments 

·' ' . .. 

~· .· , . . · 
·' ,•• 

• I• .. 
Lower talus stope, likely underlain by Cerro Toledo Rhyollle j' 
Acroas fluvial surface to base of side slope, likely on 02 
On small C3 aurtac:c 
N siaf! ot channel 
s side or channel 

O~lo 03/02 surface, underlain by imbr.eated gravel 

Aeross 02 (?) surlac. 

Onto probable 01 
Acro11s 10 base of road enbankm~nl 

Near road grade 
~dge or road bed lt't'el 

A1:ross road, base ot slope 
Onto possible slump blot:k 

As:ross por.s1ble slump b!oc:k 01'1 vallf!y side slopo 

Lt.)wer talus slope 

W~.n tAlus slope 



LOS ALAMOS CANYON PROFILE LA-22 
VIEW UP-CANYON: ORIENT AT ION N- S 

100 ---------.--------.---------~------~~-------~---------, 

100~--------~--------~----------+-----·--~r--------+--------~ 

m 140+-------------------1---------l1---------l-----------------~ 
~ 

120 ----soiJTH -1----·----t----- --- -·--·---;------- -- NORTH 

·150 ·100 ·50 0 50 100 
DISTANCE FROM N SIDE OF CHANf~El {fEET} 
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Gl.ORlETA GEOSCIENCE, INC. :· 
,, 
·i 

•' 
Lot Alamos Canyon Profile LA·22. Orientation: N··S Commonts ,; 

·-
.i 
I' 

Station x Distance X Total y Oistanee )' Totnl '·' 
6N 4S,3 84.7 18.60 30.85 Up talus slope . •· .. 

•. 
SN 12.4 39.4 3.35 12.25 Acrots colluviurn and talus overlying Ot1 ·' .. . 
4N 10.4 27.0 2.20 8.90 Across O:, 

.. 
3N 9.7 16.6 s.oo 6.70 Onto Ot1 
2N 4.7 6.9 0.60 1.70 Across 03 
1N 2.2 2.2 1.10 1.10 Onlo 03 
0 0.0 0.0 0.00 o.oc N side of chan~'el 

1S -4.5 ·4.5 0.30 0.30 Across channel to south side. 
2S ·2.7 ·7.2 2.10 2.40 Onto low 01:2 srJrface 
3S -31.7 ·38.9 1.05 3.45 Aeros~ terri\1!8 
4$ ·6.1 ·4~.0 2.20 5.65 Onto pouible Ot1 surfaco 
ss ·28.0 ·'73.0 3.15 e.ao Across terrace 
GS ·19.5 ·92.5 5.00 13.80 To odge of roar:! 
7S ·35.3 ·127.6 0.45 14.25 Across road • t•nse of slump block 
e.s ·28.8 ·156.6 6.66 20.91 Across slump block • baso of slump escarpment 
95 -4.7 ·161.3 4.40 25.31 Up sll.lmp scar 
105 ·19.0 ·180.3 12.36 37.67 Up talus slopo 



GLORIETA GEOSCIENCE, INC. 

• L 
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APPENDIX B 

FIELD SOil DESCRIPTION SHEETS 



EXPLANATION 
Color: obtain~d from Munsell S~il Color Charts; nr = not reported 
Texture: g =gravelly, c = coarse, f = fine, s = sand, Is= loamy sand 

s! = sandy loam, set = sandy day loam, sic\ = silty clay loam 
sil = silt loam, cl = clay loam, I == loam, st = stones and stoney; nr = not r.:portcd 

Structure: Grade: I = weak, 2 = moderate, 3 = strong; Size: f = Fine, 
m = medium, c = coarse, vc = very coarse; Type: sg == single grain, 
pi = platy, m = massive, gr = granular, sbk = subandular blocky, 
ahk = :tngular blocky, pr = prismatic; nr = not rcporlct.l 

Coruisrence: Dry: to = loose, so= soh, sh • slightly hard, fr = friable, 
h = hnd, vh = ,·cry hard, eh = extremely hard 
Wet: so,pC' = nonsticky, nonplastic; ss,ps = slightly sticky, slightly plastic; 
s,p = sticky, rlastic; vs, vp =very sticky, very plastic; nr = not•eporlcc.l 

-Ciay HiniS: li.o. ::::: not observctl; Frequeru:y: v = vecy few, 1 = few, 2 = oommon, 
3 = many, 4 = continuous; Thickness: n = lhin, mlc .,. moderately thid;, 
k = thick: Morphology: pf:: ped faces, po = pore linings, 
hr = bridges, cu = colloidal stains on grains; rar = not reported 

Roots, Pores: Size: vf(vcry fine}; f(finc): m(mcdium); c(coarsc); Abund:m.:e: !(few); 2(comman); J(rnany): 

Horizon Boundary: Distinctness: va = very abrupt, a = ahrupt, c :::: clear, g = gr::uiua\ 
d = diffuse; Topvgraphy: s = smooth, w::: wavy, i = irregular, 
b = broten 

Carbonates: dfervc:scece in HCL: e = sligh!ly effer\'cscent; cs = strongly effervescent; 

- -J 



Soil description in sadiments un~rtyin{fa3 si.utace east of T A-4 ( 1.5 fee\ abOve base level 

~e: LA 14 Dale: Vegetation: Grasses, Willow, elm. Asped: ~· fllces south location: Oel3, east ol TA 41 09/12J9.4 ponderosa~ C'esctiled By: P. Dnlkos, C. Inoue 

"4 Hori- ~h Bound- Color Tex· Slruc:t· Cooslslence Clay Roob CeC03 Corrmenls 
Gravel zon (ft) at'/ Dry Moist lure ure Dry Wet Films Pores 

<2% c 0· not IOYR sandy m 1$ so.ps n.o. 3ft, non Fining upward 
subaogular 1.7 dry 312 loam tmr uquence il2 • 
to angular 1.7 lrom ooarse 

114", sand to line 
musoovile, sand. Med. und 
rosequartl. lrom 0 • 0.2'. 

and 
volcanics 



Soil formed !n sediments underlying 03 surface near eastern boundary of OU·1098, 1.5 feel above base level 
Abbreviated description. 

Si:e: LA· 5 Date: Vegetation: Supports thick gro\\1h ol A\peCt: Elo.posure laces north 
Location: QaiJ ~edjments 0918/94 gra~ses OesaiOed By; P. Ora!<Os, C. lnou~t 

~-~ Hoti- Depth Bound· Color Tex· Strud· Consiste-nce Clay Roots Ca- Comments 
Gravel zon (rt) ary Dry Moist lure ure Dry Wet F1L-ns Pores C03 

fir.e- grained IC o. cs IOVR tOYR loam tmsbk so ss.ps n.o. n.r. ron BUiies pine needle 
r.i""'-'"ii, '""' t 2 !:.!'.) -!~ ~yer 
gravel lag 
at base 

Fining IIC 1.2- tOYR sarvJy m lo so.po n.o. n.r. non Wet soil near level 
upward 1.8 4f2 grnvel of slrem bed 

sequence {base 
hom ol pit) 

cobbles lo 
med. sand -



I 

.. 

So1Ytorffiei:fln-S&ciim-ants-und9rlying aa -sunace-east ot rA-2. ts f&efabOve base ltlvet 

Sie: LA 3 Date: 
location: Oal3 sediments ()9,'8194 

% Horl· Depth Bound- Color 
Grayel zoo (ft) ary Dry Moist 

Gravel lag tC 0- aw \OYR tOYR 
at base ol 1.3S' 513 412 
depo1:t. 

cobb:e size 
0.3- 0.4' 

diam., 
overlain by 
med. wnd 
with miMr 

clay. 

30. <40.,. tiC 1.35- lUYH 
2.0' 413 

(base 
of pit) 

I I U_l 

VegeU\tion: Grasses. shrub, briars, oak, 
ponerosa pine, minot fir 

T~x- Strud- Consistence Clay 
ture i.lr& Dry Wet Films 

Soan')' 1~ so so.po n.o. 
sand 

s.andy m lo so.po n.o. 
gravel 
(fines 
are 

coarse 
sand) 

I 

Aspect: Elposure laces south 
Oescmed By: P. Drakos, C. Inoue 

Roots Ca- ~ 
Por.s coo 

3fr non More development 
!han expect0d, 250 

- 350cpm. 

ilt non Woi ..,;; ..... lo;;i;,l I 
ol str&m bed, ~ 
pine needles by tC, 
lexble wlh !orne 
rensiJe strength. 

Ouartl and quartzite 
pebbles in IIC I 

horizon, SR to SA I 
1/4 • 1/r diam., ! 

I possiJie agsregate · -- ___ _. ... _ .... 
VI I'".NIV 'I...N;J'U 

matuial, abundanl i 
euhedra1 quartz 

{<2rrm sand). ninot I 
sanicfme. 

C) 
r-
0 
:a 

~ 
C') 
rrr 
0 
Ul 
("') 
r;; 
:z 
~ 
~ 

.. ~" .. ·~.:-, '=' lf'"_~:~ ... ~ ..... ~.!~ .• :r.~ ~! · ~ .,~ .. !: ··~ 
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Soil formed in sediments underlying 02 surface east of TA-2, 4 feel above base level 

Site: LA 4 Dale: Vegetation: Minor grass, briar, Aspect: Exposure faces north 
location: Oal2 terrace sedi:nenls 09/8.'94 poderosa, heavy pine needle kyer, Oesctbed By: P. Drakos. C. Inoue 

rrinoroak 

~ Hori- Depth Bound- Color Tex· S1rud· Con$lstence Clay Roots CaC03 ~ 
Gra\'el zon (h) ary Dry Moist lure ure Dry Wei Films Potes 

o•· ,. 0 0· cw h)Vfc IOVR loamy m lo so.po n.o. n.o. non Pine needles. 
.. o.3 312 212 SAnd bark fragmenls, 

decaying wood, 
100. 250 c:pm. 

20-30~- IC 0· cw 10VR IOVR loamy m lo so-il> n.o. :Mr non 200 • 400 q>m. 
07 513 413 sand bcncfmp:nel'l!s 

(7). Greve!: 
vo!~ li:hlcs, 
Ml daci1e, no 

obviotu: exolies, 
pumice io 2• 

so-so•h IIC 0.7• \O'iR \OYf\ loallTf m lo so,po n.o. 2fr non Fining upward 
Up toO.Z' 2.5 5.13 413 sand sequence· 
Int. axis Base cobble gravello 

dacite, SA. olcut med.sand. 
SR. Bimodal gra\'el 

volcanics, so~;.. apptoi. 
pumice. oo 0.2' diam .• SOY. 

nhviou« 0.\ ·0.05'. 
q_u"rtzite. -



I 

I 

Soil description in sediments underlying 02 surlace near west boundary of OU-1098, 2.1 feet above base level 

Site: LA 23 Date: 
Location: S. bank of stream. due N of 09116194 
pole 521 

% Hori- Depth Bound. Color 
Gravel zon (ft) aty Dry Moist 

SM •• AC o. cs nr tCIYR 
welded luH 1.1 312 
lo 3", minor 
gravel 114" 

to 1• 
(20~•). SR 

·- .. 
SA·SR,IuH. c 1.1 • nr 10YR 
dacite, tt4• 2.0 412 

to 1S 

I 

- ---

Vegetation: Gtass~s. small ponderosa 
pine, scrub oak, trees to 1' diameter 

Tex- SltUd· Consistence Clay 
lure ure Dry Wet Films 

sandy 1msbk so- VS$, no. 
loam lo vsp 

coars.e sg lo so.po n.o. 
sand 

Aspect: Exposure faces north 

Oesc:med By: P. Drakus, C. lilOUe 

Roots CaC03 Comments 
Potes 

3(r, non moist soil, some 
tfp cfiStind peds 

1nv non coarse sand + 
grawlllY&dain 
by sandy loam. 
fluvial dep.Mit. 
c:-:~ re-.::-~ 

qu~rUite p«,bbe 1 

{1/21 at 1.6' 
deep from UPPftf ' 

surface 

C) 
r-
0 
:::0 

~ 
C') 
m 
~ n 
~ 
("") 

!" 

~ 
r:_-:~~ ... -: --:~""~~~!.r:::·: : .. : 1"' •:1 .. 



Soil description in sediments underlying 02 suriace east of T A·4 t, 3.5 feet above base level 

Site: lA 13 Dale: Vegetation: GtaSSes, ponderosa pine, Aspect: Ellposure faces south 
l~lion: Oal2, eas1 ol TA 41 09/12194 Oeserbed 8'j: P. Drakos, C. Inoue 

% Hori· Depth Bou."ld- Color Tex- Sttuct· Consistence Ciay Roots C.C03 Comments 
Gravel zoo {h) ary Dry Moist lure ure Dry Wet Films Pores . 
60% c o. none IOYR I OVA sand m I so.po n.o. 3fr, non Sandy fluvial 

subrounded 1.7 5J2 313 2tp gravel, c:harooal 
uplo4· lragmenls at 

s· 1.05' 
volca~: 

luffs, dacite 
-



Soil description in sediments underlying 01 surface w~~t of TA-41. 6 feet above base level 

Sile: tA 17 Date: Vegetalion: Classes. ponderosa pine, Asp«~: Exposure faces south location: West cJ TA 41, 01 terrace 0911319-t setub oak Oescrbtd By: P. Drakos, C. Inoue 
% Hori- Depth Bound- Color T ex- S1n.:ct- Consistence Clay Roots Ca· Convnen1s Gravel zon (h) ary Dry Moist lure ure Dry Wet Films Pores C03 

tO%. lAC 0- cs tOYR 10YR loamy 1msbk so so, no. 2fr, non 200 • JOO c:pm mainly 1.15 412 312 sand \'sp 1 fp coarse. 200 • 400 pumice, tuff 
cpm fineS. 114 • 1.'4". 
Charcoal minor 

fragments in dacite 
~1een with graV$1. subangular 

lAC deposit !s to 
slopewash subtounded 
ooluvium. I 

I 
~. ~. I f!C US - !!)YR 1!)~ m. ~ m ~ -5<':1.!"' no. 31r non,. Reworked cia~ I 60% ot 

1 , 4.0 513 412 c. v.e. {dacite 2·31 with gravel >-1 • • - - sand on ~rbonate coatings (1·41; ~• 
some (likely stage 1), ol gravel 
dasls most clasts t• to a· • 114 to \ •• 

subrounded to , pootfy 
rounded, coatings sorted, 

on various sides of ' rounded 
lhe clasts ind"tcate dacite, 
reworlcing. 250-subanguiar 

4SQ ~ (t"oars&). ruH. 
150 • 350 cpm 

- I (flOeS). Minor fine : 
d-.arcoat in sieve 
{3 pieces, approx. '----·-

2mm each) 

C) 

s 
2:! 
rn 
~ 
~ 
C> 
CTI g 
(") 
n; 
:z -' I m 

~ 
..... ~ .. ~ .. -· ...... ,. ····" ,. - r- .... ····-. ·- ._ ...... ~ ........ · .... _ .... •" .... . 



Soil formed in sediments underlying Of1 surface east of TA-41, 13.5 feet above base level 

Site: LA 12 
Loce~tion: 011 ~urface east of TA-41 

% 
Gravel 

Hori- Depth Bound· 
zon (h) ary 

10%, AC 0-
06 angular

subrounded 
114' dacite. 

pumice 

tO"!~. 
genera!~; 

1!8' lo 112' 
volcanic 
lilhics; 

pumice, 

c 0.6. 
2.0 

Dille: 
09112194 

V~li.ln: Grassas, ponde1osa pine, 
douglass f11, scrub oaJc 

Aspec:l: Exposure laces sou\h 
~setiled By: P. Drakos. C. Inoue 

Color lex- Strud- Consislenc6 Cia)· Roots GaC03 
Dry Mo!sl lure ure Ory We\ F1lms POI'es 

10YR lOYR sand 1msbk so so.po n,o. 
412 312 

10YR tOYR sand m lo so.po no. 
S/3 413 

31f, 
lvftp 

2ft. 
tip 

non 

Sliglllly damned 
surface hor'LZOO; 

slightly stieky 
due to presence 
ol organic mAtter 

0.6 ft. diameter 
oaklteestu~ 
on Of1 surface 
15 feel NF. of pit 
has 53 tree rings 

I, 


