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p N [ , ] , Table 1. Soils data from Hubbell Spring trench
— Table 4. Uranium-series ages from Hubbell Spring trench
7 10 - Profile Trench  Horizon? Depth Moist Dry Percent Texture®  Structure® Dry9[] Wetd]  Boundary® Roots' Poresf Horizon Bulk Total9 CaCO3"
\ é N B Sample  Location Trench Sample Sample concentrations Measured activity ratios Detritus-corrected values’ Sample descriptions and comments location unit (cm) color color gravel consistence  consistence thickness denS|t3y CaCO;  stage
..: q" S EXPLANATION | T e surface profection (1° | B number (Xy) unit weight (U uglg)  (Thuglg) — 24UP8y  20TR238y  200Th232Th  initial 234U/2%8y  280Th/U age (cm) (g/cm®)  (grams)
~ -------------------------------------------------------------------------------------------------------- projection (1° slope) — (grams) (20) (20) (+20) activity (:20)  (ka, +20)
p p ----------------------- . h —————————————————————————————————— - upct Av 0-3 7.5YR 4/4 7.5YR 6/4 10 SL 2, m-c, sbk sh SO, ps a,s 3vf, 1f 3vf, 3f, 1Tm 3 1.50 0.13 -
; s e i i renc o . n . .
. ‘ Qﬂlgnd AIf\FOﬂce JBES@ ) Holocene active stream channel [] top of alluvial fan (unit 2) str:’ﬁg?argt?itcfiglse;?' 60m stratigraphic ) — 5 SPU1a 15.0, 3.1 2b 0.04 1.50 0.88 1.39+0.03 1.35+0.06 6.98+0.46 1.92+0.13 244 +74/-50 Dense IensI olf b;owqdcaIC|te \]:Vlthln .|nne|r rind . QE 134_1241 ;2¥: :zg ;gzg gﬁ gg t 12, :1, Sstéll(( 2E 2:, E: g,z 3VI,f2£,n?m 2f,2:nm 171 122 ?(13; :
‘ . D T A2 ; ; T O - on gravel clast; evidence of uranium loss . : 1 ’ : ’ . .
o/ Isleta Indian/Reservation and fan alluvium upper pit deposits in trench (3° siope) CHIUEIIIEEEEEEEE e —— | offset: 5.0 m offost: 6.0 m £ ? HS1 ' Bk2 21-49 10YR6/4  10YR7/4 60 L 1, m, sbk h ss, ps cw 3vf, 2f, 1m m 28 1.46 4.20 |
3 of Holocene fan alluvium and [] 5 SPUic  15.0, 3.1 2b 0.06 2.55 1.08 138+0.01 086+0.01 6.18+0.10 1.56 = 0.03 92+7 Dense lens of brown calcite in rind adjacent to (upper pit, ' K 49-90 7.5YR6/3  7.5YR8/3 60 LS 2-3, m, abk h S0, po cw 3vf, 2f 3vi 41 1.46,1.71 3.74,426 IV
y i [ e of £ | clast meter -44) upib 2Bkb 90-133 7.5YR 5/4 7.5YR7/4 50 SL 2, m, sbk SO ss, ps a,s 1f none 43 1.50 4.94 -
' eolian sand - SUrlace of gravel elas upla  3C/Ckmb 133-189  7.5YR56  7.5YR7/4 70 LS sg lo 50, po c,s none none 56 1.50 2.79 -
Late Quaternary scarp colluvium [J Fault t trench — 0 SPU2d  -45.2,7.1 upic (2b) 0.08 2.18 1.12 1.27+0.01 1.39+0.01 8.26+0.12 Undefined  Excess 23%Th Dense lens of brown calcite within thick rind on 3Btkmb  189-200 7.5YR 5/4 7.5YR 6/6 50 LS 1,1, sbk sh S0, po - none none " 1.71 0.81 I
. and eolian sand ault scarp parameters eastern fault zone — gravel clast; evidence of uranium loss 9 A 06 10YR 4/6 10YR 5/4 10 SL ] Sbk o 50, po cs avf. of. 1 14 1 5 1 50 0.9
— - < , M, ) ) i , 1m , 1m . . -
. . scarp height: 73m | Ml top of alluvial fan (unit 2) deposits (1° slope) - SPU3c 117.6,-3.3  Ip1 (2b) 0.03 1.90 1.37 142+0.01 079+0.01 3.33+0.04 1.63 = 0.07 70 + 11 Thin layer of brown, porous carbonate in rind AB 6-25 10YR 4/4 7.5YR 6/6 10 fine SL 2, m, sbk sh 80, ps cs 1, 1m 2m 19 1.46 0.61 -
Late Pleistocene fan alluvium surface offset: 60m adjacent to surface of gravel clast 5 2Bkb 25-63 7.5YR 6/4 7.5YR 6/4 <10 L 2, ¢, sbk vh ss, ps c,s 1f, 1m 2f, 1m 38 1.46 5.57 I
max. slope angle:  &° auger cores lower pit — 5 a (tr:r?czh o 4 %%tlf mt? 25173 18& 2/2 TovR 3/3 p: SLL massive " . po oo none m AR 815'815 70 091351 1
Middle Pleistocene fan alluvium ) ' [ All ut[allpittjrg Em? tho:ium is”otcl)pe c::ta v]:{ere obtaintezigévith masts sp(:%rometlr'y bt;l J?trﬁes B. Pta(zjes allt the U.S. Geological Survey, Denver, Colorado; uncertainties for uranium and thorium concentrations are meter Bé) " SBkrrr?b2 172:230 7 5YR 7//6 7:2YR 8?4 :10 L m:zz:xg zh 22 Eg 2\'3" 2822 1T 57 ) 1.’70' 6:21, 7:41 m
not listed but are typically less than five percen -percent confidence limit) of the reported value. ’ ’ ’
B Measured activity ratios have been corrected for the addition of spike solutions, mass discrimination, and procedural blank subtraction. SE Aﬁggb ;igzgg ;gzg ;;:63 ;%\\((RR ?3//‘; 38 SLL 22 m, Sgll: th SS, pS C:S none m ;g 122 1;3 IIIII
Early Pleistocene fan alluvium fical " — Measured activity ratios corrected for a secular equilibrium detrital component assumed to have a Th/U ratio of 4 (232Th/238U=1.276 + 50%; 234U/238U=1.0 + 10%, 239Th/238U=1.0 + 25%). Ages and ) : : G S S8, PO ) none none : :
no vertical exaggeration — initial 234U/238y activity are calculated from detrital-corrected activity ratios using conventional dating equations (Appendix A of Ivanovich and Harmon, 1992) as formulated in ISOPLOT (Ludwig, 1991). 9
i A 0-6 7.5YR 4/3 7.5YR 6/4 10 SL 2, m, sbk SO SS, po C,S 3vf, 1f, 1m 2f, 1m 6 1.46 0.14 -
same datum as trench and pit logs -10 -
. ) AB 6-22 10YR 4/6 7.5YR 4/4 15 L 2, m, sbk sh S0, pS C,S 3vf, 2f, 1m, 1¢c 2f, 1m, 1c 16 1.46 0.28 -
Tertiary through Permian bedrock [ \_ ) 7 2Bkb 22-48 7.5YR 4/3 7.5YR 5/4 <10 SL 2, m, sbk sh ss, ps c,8 2vf, 1m, 1c 2f, 1m, 1c 26 1.46 2.61 -
| HS3 " 2Bkb2 48-95 7.5YR 4/4 7.5YR 5/4 <10 L-SiL 3, m, sbk h SS, ps C,S 1vf, 2f, 1m 1vf, 2f, 1m 47 1.72 2.81,1.99 I+
) (trench, [ " 2Bkb3 95-135 10YR 5/6 10YR 6/4 <10 L 2, m, abk vh SS, ps C,s 1f 1f, 1m 40 1.72 3.90 I+
Fault--Dashed where uncertain, [] meter 46) 6 3Btkb 135-154 7.5YR 4/8 5YR 5/4 <10 SL 2, m, sbk vh ss, ps c,8 none 2f, 1m 19 1.72 1.14 I
dotted where buried; bar and ball [] -50 0 50 100 150 " 3Bkb 154-182  10YR 4/6 75YR6/4 <10 SL 2, m, sbk sh ss, po c,s none 2f 1m, 1c 28 1.72 2.44 I
on downthrown side meters |: 4Bwb 182-200 7.5YR 5/4 7.5YR 5/4 <10 . SL 2, m, sbk sh SSs, ps g,s none 1f, 1m 18 1.46 0.78 -
s ~N e ~N 4Ckb 200-250 10YR 4/6 7.5YR 6/4 15 fine SL 2, m, abk sh S0, po - none im 50 1.46 1.08, 1.01 -
Photograph location 4 ) Ip6 A 0-4 75YR3/3  7.5YR5/3 10 fineSL 2, f-m, sbk h 3vf, 1m, 1 1f, 1 4 1.50 0.08
. - . - . . ine ,fm, s s SS, ps a,s , 1m, 1c , 1c . . -
Table 2. Magnetic susceptibility data from Hubbell Spring trench ' AB 4-15 75YR4/4  7.5YR5/4 5 SL 2, m, sbk sh ss, po c,s avi, 1f, 1c 2m, 1c 11 1.46 0.12 -
0.5 1 ( h 4 N\ Ip5 2Bkb 15-32 7.5YR 5/4 7.5YR 6/6 5 L 2, ¢, sbk h ss, p C,s 2vf, 1f, 1m 2f, 1m, 1c 17 1.46 1.92 -
] i a b ] o HS4[] " 2Ckb 32-47 7.5YR 4/3 7.5YR 6/4 15 L 2, m, sbk sh SS, po a,s 2vf, 1f, 1m 1f, 1m 150 1.46 1.13 -
Kilometers 1 Trench unit  Location (xy) Measurements Average  Std dev. Unit description (lower pit, Ip4 3Btkb 47-81 75YR3/4  75YR5/4 <10 sC 3, ¢, sbk sh s, p c,s 1f, 1m 11, 2m, 1c 34[] 1.62 1.65 Il-
_ 107°00' 106°45' 106°30' 106°15' Horizon mass CaCO3 meter 118)]  Ip3 4Bkb 81-97 7.5YR 4/3 7.5YR 6/6 10 L 2, m, sbk h ss, ps a,s 1vf 1f, 1m 16[] 1.62 2.29 ll-
¢ Miles 35°30' I — (g/cm2/horizon) Ist 2nd srd 4th 5th 6th Ip2 5Btkmb  97-132  7.5YR5/6  7.5YR6/6 25 L 2, m, sbk vh ss, ps c,s none 11 35(] 1.62 3.77 -
. : 1 14.0,1.7 3.25 3.47 3.63 3.53 417 3.24 3.55 0.34 Upper Santa Fe Group--well sorted sand " 5Kb 132-201 75YR 6/4 75YR 7/4 10 L massive sh ss, ps cW none none 69[] 1.46 11.50 1
contour interval 10 feet H 0 5 10 15 1 31.3,0 5.38 413 4.63 5.14 4.54 4.52 4.72 0.46 Uppgr quta Fe Group--well sorted sand Ip1[] 6Btkb 201-230 7.5YR 5/6 7.5YR 7/4 10 SL 3, m, sbk vh $s, PO ] none 1f, 1m o9 1.46 4.02 I+
' ) / 0 . ! ) 2a 29.5,1.6 0.39 0.55 0.58 0.37 0.54 0.59 0.50 0.10 calcic soil in fan gravel, near fault
[} 4 ) . A AB upla -44.5, 6.1 066 059 056 052 051 0.53 0.56 0.06  bedded fan gravel, upper pit; trench unit 2b 9 A 0-4 5YR 4/3 75YR5/4 <10 L > f sbk o ss, ps as 3vi 1m. 1c 1f 1o a0 152 0.12 )
Horizon mass CaCO3 4 ) g ' 5 é&kb ug; c -325,377.3 g.i; g-; g 8-22 8-22 8-22 g-gg 8'421; 8-8; Ca:C!C SO!: In ;an grave:1 upper pit; trench unit 2b " AB 4-22 5YR 4/6 7.5YR 5/6 0 L 2, m, sbk sh ss, ps a,s 1f, 1m 1 vf 180 1.52 1.05 -
Surficial geologic map of Hubbell Spring trench site and vicinity; modified from Love and others (1996). (g/cm2/horizon) _— . B ._ R 50 - 5 9 : : : : : : : : calcic soll in fan grave HS5[] 70 2Bkb 22-44 10YR 5/4 10YR 6/3 <10 SiL 2,m, sbk h ss, ps g.s 1f, 1m 1f, 1m 22[] 1.62 4.08 I
See Quaternary fault map for location. N 3Btkb 2b 108,23 1.01 116 093 112 086  1.18 1.04 013 fan gravel (trench, ] 5 3Bkb 44-90 75YR5/4  75YR6/4 <10 SL 3, m, sbk vh ss, po 9,8 none 1f-m 46[] 1.62 5.02 I+
0 2 4 6 ’ ABKb 2b 237,22 101092 077 094 081 0.88 0.89 0.09  calcic soil in fan gravel meter 54) " 3Bkb2 90-157  75YR6/4  75YR66 <10 SL massive h/vh S0, po cw none 1 vf 67[] 172 154,059 I
L ) 0 :I_/\\V IAB \ ) ’ 100 - 2b 33.5,0.4 0.28 0.42 0.42 0.51 0.28 0.46 0.40 0.10 calc!c so!l !n fan gravel, near fault 4 4Bkmb 157-218 75YR 6/4 75YR 7/4 <10 SL massive h s0, po cW none o vf 61[] 1.72 8.26 1
Bk S 5Btkmb 2b 37.5, 0.1 0.51 045 052 071 053 042 0.52 0.10 calcic soil in fan gravel , " 4Kb 218-242  75YR7/6  75YR7/4 <10  finelS 3, m, sbk h $0, po c,s none 3 vf 24[] 1.71 3.04 I
Bk2 - (UQ 3 242,27 0.90 0.95 1.33 0.76 1.06 0.76 0.96 0.21 f!rst eoI!an/coIIuv!aI sand; coarser than un!ts 4,5,7 " 4Btkb 242-251 75YR 6/4 75YR 6/6 <10 LS 2. m, sbk sh S0, ps ; o vf 9 1.71 1.07 R
50 7 ; Depth 150 - 3 29.8, 2.1 0.93 0.91 0.87 0.80 0.90 0.83 0.87 0.05 first eolian/colluvial sand; coarser than units 4, 5, 7
K F Tl ep 5Kb 4 335,15 068 097 1.1 097 1.1 1.04 0.98 0.16  second eolian/colluvial sand
}‘ I S ¢ (cm) 4 39.5,0.6 1.00 0.99 0.83 1.05 1.09 1.21 1.03 0.13 second eolian/colluvial sand ZNomencIature from Soil Survey Staff (1975) and Birkeland (1999).
s ~ Depth 100 - ,’ .éul 200 4 43.0,0 0.82 0.93 0.92 1.00 0.97 1.10 0.96 0.09 second eolian/colluvial sand Texture classes: L--loam, SL--sandy loam, LS--loamy sand, SiL--silt loam, SC--sandy clay.
ep 2Bkb 1 %U 1 6Btkb 4 53.5,-0.6 1.13 1.18 1.41 1.05 1.17 1.08 1.17 0.13 second eolian/colluvial sand, in hanging wall ZStructure: grade: sg--single grain, 1--weak, 2--moderate, 3--strong; size class: f--fine (5-10 mm), m--medium (10-20 mm), c--coarse (20-50 mm); type: abk--angular blocky, sbk--subangular blocky.[]
(cm) 35°15' | 10 ,’ 5 33.3,2.2 1.52 1.67 1.20 1.39 1.31 1.33 1.40 0.17 third eolian/colluvial sand Consistence: (dry) lo--loose, so--soft, sh--slightly hard, h--hard, vh--very hard; (wet) so--nonsticky, ss--slightly sticky, s--sticky, po--nonplastic, ps--slightly plastic, p--plastic.[]
_ o _ INTRODUCTION _ 150 L 250 | 5 37.6,1.4 1.55 1.44 1.57 1.62 1.36 1.55 1.52 0.10 third eolian/colluvial sand feBoundary: (distinctness) a--abrupt, c--clear, g--gradual; (topography) s--smooth, w--wavy (see Birkeland, 1999).0
ThIS rep_ort contains field and Iabpratory data resulting from a trench study of the Hupbell S_prmg fault zone near AIbuquc_erque, New 3C/Ckmb I \‘_|_ o 5 43.4,0.8 1.46 1.78 1.67 1.40 1.73 1.65 1.62 0.15 third eolian/colluvial sand Roots and Pores: (abundance) 1--few, 2--common, 3--many; (size) vf--very fine, f--fine, m--medium, c--coarse.
Mexico. This trench was excavated in September, 1997, as part of earthquake hazards investigations of Quaternary faults in the II‘ [ @) 5 53.5, 0.1 1.69 1.49 1.68 1.53 1.42 1.70 1.59 0.12 third eolian/colluvial sand, hanging wall 9Total carbonate: weight in grams of calcium carbonate in a 1 cm? vertical column of soil in each horizon, using methods of Machette (1978, 1985).
Albuquerque metropolitan area. The trench was excavated across the youngest of several fault strands near the northern end of the 200 U 3Btkmb L |_' 8 300 6 46.0,0.3 1.45 1.23 1.14 1.52 1.73 1.38 1.41 0.21 burrowed eolian/colluvial sand Nomenclature from Birkeland (1999); some stage designations vary slightly from table 5 because of differences in profile locations and investigator interpretations.
Hubbell Spring fault zone. The site is located on Pueblo of Isleta tribal lands, approximately 1 km south of the southern boundary of Kirtland I 3 L e D L K Y soil HS4 7 46.0,1.0 200 1.92 158 1.92 1.78 1.59 1.80 0.18 fourth eolian/colluvial sand \_
Air Force Base. Thus the paleoearthquake data derived from investigations at the Hubbell Spring site will be useful in assessing potential | ||.|_|_|*< oo '.|°’\ Icgf o7 :, -é\g //42,, > Kk 46.5, -0.3 1.34 1.34 1.72 1.43 1.37 1.48 1.45 0.14 burrowed eolian/colluvial sand
earthquake hazards in Isleta Pueblo, Kirtland Air Force Base/Sandia National Laboratories, and the Albuquerque metropolitan area. The 8 — — 8 4\_\‘,\/\ g P ' e ',1/\ Sl \_;/. / - Ip1 117.8, -35 0.80 0.64 0.69 0.44 0.76 0.76 0.68 0.13 calcic soil in fan gravel, lower pit; trench unit 2b
purpose of this report is to present a detailed trench log, a scarp profile, soils data (table 1), magnetic susceptibility data (table 2), ,’ /h 3 - Do ,f A ,@('o‘.’ sy / o=l Ip2 119.6,-2.9 1.32 1.48 1.42 1.32 1.59 1.46 1.43 0.10 eolian/colluvial sand, lower pit; mixed units 4 and 5?
luminescence and uranium-series ages (tables 3 and 4), and detailed unit descriptions (table 5) obtained in this investigation. S.F. \ ol 1\ '3 [ Albuquerque KoL~ :f’o" L& LA Ip4 118.6,-1.9 1.30 0.93 1.49 1.27 1.66 1.69 1.39 0.29 Btk soil in alluvial/eolian sand, lower pit
Personius had primary responsibility for siting, excavating, describing, and interpreting the trench; S.A. Mahan did the luminescence dating, ! : ||‘l. g ] |I \ \:, N :,’- \'é(’b / e N i :'- 1 — — 1 Ip5 118.6, -1.6 1.16 1.01 1.15 1.19 1.43 1.01 1.16 0.15 alluvial/eolian sand, lower pit e ~N
and James B. Paces did the uranium-series dating. M.C. Eppes and D.W. Love assisted with trench logging and mapping; and M.C. Eppes, .7/\\ lol]” = gl \) NI ,Q y SRR
K. Mi . i i . | | _/ NI s _/ N . . . . - . . . . . L . . i i i i i
D-K. Mitchell, and A. Murphy did the solls analyses 7 7 h//ll /“\ , % L @ - ’w\'l ARSI #Measurements are dimensionless (SI) units, times 10 3, made in situ with a commercially available hand-held susceptibility meter; they roughly correlate with quantity of Table 3. Thermoluminescence (TL) and infrared stimulated luminescence (IRSL) ages from Hubbell Spring trench
- — \4 ' P 2 y " . . . .
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this research on tribal lands, and in addition, we acknowledge the assistance of John Hostak, former Director of the Isleta Environment 5 © 35°00' - / \\l [ ///\ l +\ < T4 *,'-',‘ :.*c:, - S number (x,y) unit description dataP (°C) dose® (grays) (grays/ka)
Department, and Randy Lujon and staff of the Isleta Range Patrol. We also wish to thank Eric Brunneman of Petroglyph National Monument = £ /0 ," '\, i { p Y o Area of 43 L T3 ‘B New ®
for archeological assessment of the trench site. The report was improved by comments from reviewers Janet Slate and Charles Narwold, 6 — L 6 1 II/" I/ % geologic/ : g f \ Mexico g o
and USGS editor Craig Brunstein. SOUTH WALL. UPPER PIT 3 IR\ = /' map bS] a ik 45 5 modern  N/A N/A modern eolian sand from [] TL-tb, pb 250-430 N/A 3.68 + 0.06 ave. of 3 ages (2.7, 2.95, 2.25 ka); 2.6 +0.4
’ P\ ly / TR ] a ‘ coppice dune on scarp, dept cm indicates only minor inherite signa
- “\\\' INASH _'_:r‘—l—"— = S ice d depth 30 indi ly minor inherited TL signal
SOILS DATA \) \\| A | ( "'] T g o -3 — .3 IRSL 160/6 hrs 1.07 £ 1.28 3.68 + 0.06 indicates complete bleaching in all grains 03+0.7
The soils data described in this report were collected as part of a class project at the University of New Mexico, and include detailed field / {\ .( -} “4 SO, ! I b
descriptions of five soil profiles. Profile locations (one in each of the soil pits and three in the trench) were chosen to avoid the most obvious I v : ) —IM-\Y}— — —- 5 , [f , L HSF2 41.4,0.4 4 second eolian/colluvial deposit, [] TLtb 380-410 210.84 £ 4.41 3.68 + 0.05 57.3+29
zones of disturbance by burrowing animals. No detailed grain-size analyses were done, but total CaCO4 values were determined for each 5 5 'II . b ‘ . 7} E\-‘ N ! , _1’\ - = h B upper part IRSL 140/8 hrs 198.99 + 3.08 3.68 + 0.05 54.1+23
horizon described in the five profiles because these values may be useful for soil age determination. For the calcium carbonate analysis, | Eemallllo_COEntl _/' . N\~ ,_Be_l]”laj_l |_» J_,@'njy 4 IRSL 124/62 hrs 162.37 £ 2.24 3.68 + 0.05 probably too young; large residual errors 441 +£1.7
each horizon was sampled (two samples were taken for horizons >100 cm thick) and the fine-earth fractions (< 2 mm) were separated for -49 45 42 Valencia County \ “orTorrance Cf inty
laboratory analysis. The weight-percent CaCOg for each sample was determined with the Chittick method, and bulk density for each sample [ [ : \'-%’, SAARIEIS SN ; PR " ; . -4 -4 HSF3 41.8,1.0 5 third eolian/colluvial deposit TLtb 200-380 N/A 3.79 £ 0.05 ave. of two ages (27, 28.5 ka) 28.1 1.3
was determined with the paraffin-clod method (Machette, 1986; Singer, 1986). Total carbonate contents for each horizon were calculated meters B N /\, t H sit Photograph C. Vle_w of extepswe bO?(W.0rk of CaICIPm carbonate flll.e(‘! | | IRSL 160/6 hrs 107.58 + 4.48 379 + 0.05 28.4+ 25
using the methods of Machette (1978, 1985), and are the product of the weight-percent CaCOj, bulk density, thickness, and percent fine- S ) o Los)Lunas | :g l rench sie fra_CtU"eS in two ef_)“an/CO"UVla| d_e_p03|t_3, upper redd@h'brown deposit is 116 120 124
ﬁz:ggrsﬁgopr;tc;;ge:ch horizon. Soil carbonate data are summarized in table 1 and shown graphically adjacent to their locations on the Photograph A. View of the upper part of the south wall of the Hubbell Spring trench. Note presence of both slope-parallel and y IH‘ | ,.1 3 = ':, 0 10 g?:c::éti?gsl?:vtirelng:szrﬂfﬁ;ﬁ;z;?sﬂg;:étgfﬁ;tgsitlr;]::izzc:, aStL)Jl;T:(;atgge meters HSF4 46.3,0.5 7 fourth eolian/colluvial deposit ;I-FIQ_SJ[E 12610(;63%)8 . Ol?:l/fxo o6 :8: f 882 ave. of two ages (10.5, 13.6 ka) 1;2 f gg
. . . . . . . . g L L I , , , | , . U . = U. .o+ 0.
Soil carbonate data are potentially useful as a chronologic tool, if secondary (pedogenic) carbonate contents and regional rates of subvertical calcium carbonate filled fractures. See surficial geologic map for location. P "(, 90 kilometers to at least one additional surface-faulting event. \_ J
carbonate accumulation can be accurately determined (Machette, 1978, 1985). Several aspects of our soil carbonate data, however, \_ ) oA ( i H | |‘| oA ——— = | HSF5  45.6,0.6 7 fourth eolian/colluvial deposit TLtb 200-420 N/A 4.04 + 0.06 ave. of two ages (10.2, 14.1 ka) 123 +0.5
prevent us from performing extensive age analyses: (1) our total carbonate values do not include secondary carbonate accumulated as 34°45 \_ Y, IRSL 160/6 hrs 54.32 + 0.82 4.04 + 0.06 13.45+ 0.6
rinds on gravel clasts; (2) our total carbonate values include both secondary (pedogenic) as well as an unknown amount of primary
carbonate present in the parent materials prior to soil formation--we could not determine the primary carbonate content because no Map of Quaternary faults in the vicinity of Albuguerque, New Mexico (modified from Machette and Horizon mass CaCO3 HSF6 118.3,-2.2 Ip4 eolian sand, lower pit TL-tb 290-450 N/A 4.14 £ 0.06 ave. of three ages (13.1, 10.1, 10.7 ka); 11.0+0.3
unaltered parent .materials were exposed in the tre_nch; and (3) degradation of soils in the upper pit _and upper part of the trench, a_nd.the others, 1998; Personius and others, 1999). Traces of the Hubbell Spring fault zone and other _ . (g/cm2/horizon) IRSL 140/8 hrs 37.52 £ 0.38 4.14 £ 0.06 TL and IRSL ages suggest unit may be 9.1£03
presence of relatively large amounts of carbonate in some of the younger trench deposits (see profiles HS2, HS3, HS5) probably indicate faults with known late Quaternary (<130 ka) displacement are shown in red. Shading and stipple Photograph B. View of central part of eastern fault zone; red pins mark fault traces, blue 0 5 4 6 8 , IRSL 124/62 hrs 41.45 + 0.42 4.14 £ 0.06 slightly younger than unit 7 10.0 £ 0.4
significant erosion and redeposition of carbonate on the face of the fault scarp. Detailed soils studies elsewhere in the Albuquerque basin ) . . : o . . . ' K strati hi tacts. Note fault t filled with dark ic-rich b fill Horizon mass CaCO3
i ibuti : i i i ] pattern depict pre-Tertiary rocks in the Manzano, Manzanita, and Sandia Mountains; pink shading pins mark stratigraphic contacts. Note tfault traces filied with dark, organic-rich burrow i A — -
enable us to estimate the contribution of carbonate rinds and primary carbonate to total soil carbonate values. For example, carbonate rinds ) ) y ’ ’ ’ on left and right margins of the image 0 J_‘ A (g/cm2/hor|zon) HSF7 118.3,-3.0 Ip2 eolian/colluvial deposit, lower pit TLtb 320-390 165.11 + 7.41 4.14 + 0.06 probably too old; mixed sample or inherited TL? 399+141
in most gravelly soils in New Mexico probably do not contribute more than a few percent of the total carbonate in most well-developed calcic East depicts urbanized areas. ' AB 0 2 4 6 Horizon mass CaCO3 TLb 370-460 179.80 + 6.69 4.14 £ 0.06 probably too old; mixed sample or inherited TL? ~ 43.4 + 3.5
soil horizons (M.N. Machette, oral commun., 1999), and primary carbonate contents are low (2-10%) in most alluvial and eolian deposits in \ Y, 5Bkb 0 . . . (g/cm2/horizon) TL-tb 350-440 117.40 £ 1.41 414 + 0.06 284 +1.1
the Albuquerque basin (Machette, 1978; Machette and others, 1997; J.P. McCalpin, written commun., 1999). Reasonable estimates of these - J S50 A J] A AB IRSL 140/7 hrs 97.33 £ 0.65 4.14 + 0.06 probably too young; preheat too intense? 23.5+0.7
parameters may allow calculation of apparent ages for the soils in the fan alluvium (unit 2) exposed in the upper pit, where input of reworked 0 S 10 IRSL 124/62 hrs 118.60 + 3.99 4.14 + 0.06 28.65 + 2.1
carbonate is probably minimal. Unfortunately, probable recycling of carbonate into sediments deposited across the fault scarp prevents the 5 + + + oBtkmb T 2Bkb 0 ! . +
use of this technique for estimating the ages of soils in the younger eolian/colluvial deposits (units 3-7). Thus, future determinations of the 100 - 50 - A AB HSF8 45.6, 0.1 6 burrowed eolian/colluvial deposit TLtb 230-400 N/A 3.59 + 0.07 ave. of three ages (19.6, 17.6, 14.7 ka) 15.9+0.9
ages of surface-faulting events on the Hubbell Spring fault zone will rely primarily on our numerical age determinations (luminescence and r 2Bkb2 2Bkb IRSL 140/7 hrs 57.03 = 1.21 3.59 + 0.07 159+ 0.9
uranium-series ages), and to a lesser extent on qualitative and quantitative soils data. 100 50 -
150 - —‘ 3Bkmb h oBkb3 3Bkb HSF9 40.7,0.2 4 second eolian/colluvial deposit TL-tb, pb 280-400 N/A 3.68 + 0.05 ave. of four ages (52.5, 55.1, 56.7, 60.9 ka) 56.6 + 3.0
MAGNETIC SUSCEPTIBILITY DATA Depth Depth IRSL 160/6 hrs 169.42 + 2.96 3.68 + 0.05 probably too young; large residual errors 46.0 + 2.1
Recently acquired high-resolution aeromagnetic data show prominent magnetic anomalies that coincide with most strands of the Hubbell _ (cm) 150 l 3Btkb 100 A IRSL 160/6 hrs 138.14 + 7.27 3.68 + 0.05 probably too young; large residual errors 37.5+41
Spring fault zone and many other faults in the Albuquerque basin (U.S. Geological Survey and Sander Geophysics, Ltd., 1998; Grauch, 200 ~ 3Bkmb2 (cm) 50 - 3Bkb2
1999; Maldonado and others, 1999). We took magnetic susceptibility measurements from most units exposed in the Hubbell Spring trench 3Bkb Depth
(table 2) to help determine the source of these linear anomalies. The minor differences in magnetic properties measured across the trench K 4Btkb 200 4Bwb P 150 - Photograph D. View of burrowing near western fault zone. Note extensive carbonate-filled fractures in HSF10 52.5,-0.2 5 third eolian/colluvial deposit TL-tb, pb 200-430 N/A 3.89 +0.06 ave. of five ages (19.5, 21.6, 30.1, 34.8,36.0 ka) 31.9+2.2
indicate that the abrupt gradients seen in the aeromagnetic data probably are related to juxtaposition of bedrock units with differing magnetic 250 - ] (cm) lower deposit (unit 4) IRSL 160/6 hrs 113.95 + 5.41 3.89 + 0.06 29.3+29
properties (Grauch, 1999) located at much greater depths than the sediments exposed in the trench. 4Kb 4Ck 4Bkmb P )
Although the magnetic susceptibility data were not useful in explaining the aeromagnetic anomalies, they were useful as a correlation ] 200 - HSF11  52.9,-1.1 4 second eolian/colluvial deposit TLtb 270-410 156.71 £ 6.14 3.74 £ 0.05 probably too young; analyzed after IRSL 41.9+3.5
tool in the trench. For instance, burrowing has isolated sediments exposed in the westernmost part of the trench, but comparisons of the 300 - 250 . - J TLtb 370-440 258.10 + 19.59 3.74 + 0.05 probably too old; mixed sample or inherited TL?  69.0 £ 10.7
magnetic data support our correlation of these deposits with units 4 and 5 in the central part of the trench. The magnetic susceptibility data soil HS2 soil HS3 4Kb IRSL 160/6 hrs 135.13 + 4.99 3.74 £ 0.05 probably too young; near saturation 36.1+29
also indicate that several deposits exposed in the lower pit (units Ip2-Ip5) have no obvious correlatives in the trench. 250 -WW 4Btkb
"""""" ) aTLNthermoluminescence, tbNtotal bleach, pbNpartial bleach; IRSLNinfrared stimulated luminescence.
. ) ) ) RADIOMETRIC AGE [_)ATA ) ) i 4 N soil HS5 WeSt bValues for TL are plateau temperatures; values for IRSL are preheat temperatures and durations.
We used Iu'm|nescence dating tec_hnlques tc_; determine the ages of post-alluvial ffan sedu_’nents (units 4—7) exposed in the tr_ench (table 3). ] 5 RS R S 300 - _ CAll figures quoted to + 15; N/ANnot applicable; no equivalent dose listed for averaged samples.
TL (thermolumln_escence) and IRSL'(lnfrareq stlml_JIated IumlnescenpeNa type of ophcally stlmulatgq luminescence or OSL unique to EXPLANATION gg%‘; %%%%%%%ﬁ%ﬁ%%é%%%ﬁ%ﬁ‘@%%%%%%%%ﬁ%ﬁ dDose rate measured by high-resolution gamma spectrometry on ~600-gram bulk samples at field moisture (<10%); error is + 1c.
felds_pars)_ tecr_mlques <_1ate the last time sediment is exposed to .sunl|ght, presumably du.rlng deposmon_ (Berger, .1 988). Trench units 4-7 ey k §§§§§g;goé;gg?g;8{93555%‘15‘%020%;?;%)?%8§%§§<§,@§O§g§§§8§§§‘ _ €All ages in thousands of years, quoted to + 20; averaged ages are error-weighted.
consist primarily of eolian sand, and thus should be reliable luminescence recorders (Wintle, 1993). Kilogram-size blocks or cores were UNITS SYMBOLS 0%’5 °%og§%gg€€;§&(%%§z g?é%s”ggé’oja&(%%g2%%@»”@32;6&002;2%% or Zo
collected from the freshly cleaned trench walls and stored in lightproof and airtight plastic bags. A polymineralic, fine-silt-size (4-11um) N SRS S %“85‘1158%&009”0"@0&02beOQDD S . 9 \_ J
fraction was isolated for each sample. Dose rates were determined by laboratory analyses (high-resolution gamma spectrometry) of extra HE o AR
sediment collected with each set of samples, and field moisture contents of 0.5-10 percent by weight were determined for each sample. ] . 3: |
Samples were subjected to combinations of sunlight sensitivity tests, anomalous fading tests (Wintle, 1973), total bleach and partial bleach k Burrow fill deposits \l Eault Ko 2 ;
experiments (Wintle and Huntley, 1980; Singhvi and others, 1982) for TL, and additive dose experiments for IRSL (Aitken, 1998). r\ au ] SRR R 2089,5250z2 N S e N AR oIS e I S SN e ) ST UalINE 'eds NG
O OOOQ 1 DOOOG O°%00€“Oo°000 23 O<2b¢0 (%) QO°°Q°O R VPSS
Our TL and IRSL ages (table 3) are generally consistent and in stratigraphic order. The youngest eolian/colluvial deposit (unit 7) yielded S e A e e < U1 & RGN Qfog’%%w%’ 4 )
TL and IRSL ages of 11-14 ka, and the underlying eolian/colluvial deposit (unit 5) yielded ages of 27-34 ka. Dating results are less certain 9|  Younger slope wash LSS0 PO éﬁ&%@ ﬁgooof% Table 5. Unit descriptions from Hubbell Spring trench
for an older eolian/colluvial deposit (unit 4), but our most consistent ages are 52-60 ka. These results clearly indicate that most of the post- ) T Fracture, unfilled photograph B @QZD: < °”§§§c§2§o ;%f%a?;’ﬂ
alluvial fan sediment exposed in the trench is late Pleistocene in age. _§ 0 ) . . . ) TN S B °<0>‘;% gep%ﬁg _ _ . _ _ c
We used uranium-series (uranium/thorium disequilibrium) dating in an attempt to determine the age of the alluvial fan sediment (unit 2) [} 103 Lower pit eo“?n’ alluvial, and colluvial deposits-- + + —il:l5°E 50°W 200§§(§é;é§% 5 ‘j%jé ﬁé%%; S e e \2& Bo ol % e \V.. X 0 Trench  Location Matrix Percent  Largest  Sorting  Dry color Dry Wet Soil Genesis Comments
exposed in the trench (table 4). Uranium and thorium isotopic data were obtained by mass spectrometry on four samples of pedogenic £ P Includes units Ip1, Ip2, Ip3, Ip4, Ip5, and Ip6 Fracture filled with calcium carbonate m Sty “8%% VTS el %%%§$§%%§,V’ %%iggg(g@@@% 0Q§g§§ 2\ %%% ;”&gé;og% :;%%éi%ﬁﬁfzi%%‘%%%é@ﬁg SN unit (x,y) grain Size ~ gravel clast (mm) consistence consistence  development
calcium carbonate rinds formed on cobble gravel clasts from unit 2. These clasts were sampled at three sites, from the best-developed NO°E 3°E °‘%§§o°oo°&° °§§f o@f@éﬁﬁ@?o ofog?@ o%@éoﬁﬁégég%%%gO?;&%‘fogggg%@j%:?g@o;%‘f@g SOSOP. ng@@%;@fg@%&%‘jgz" OQOQO Q%,, Q;% ngoo“goi‘; s ; ; . o i,
parts of carbonate soils formed in the fan sediment. The application of this technique relies on the assumption that uranium-bearing ] : : 0°E3 See I 1 SR CeNS e S e S R B i SO A el e S el R S N T ok e R RS SRR 1 30.7,03  sand (m-C) 2-5 10 well 10YR 7/ so S0, po none fluvial crude, thin (1-2 mm) bedded; sand composition: gtz>>fld>lithics; []
6,8 Older burrowed alluvium and colluvium s 0 O A ) S S S R S B L S S R P SR SEIS S tains blocks of Bk-II to Bk-I1I soil; Santa Fe G
carbonate rinds begin to form on gravel clasts in soils that develop soon after stabilization of the alluvial fan surface. U-series analyses of g .o Cobbl NO°E 50°W 0 O 0000056;%%&%%3@2%%5’%@% K %0302359‘;3%"%%3@@023@00 _ contains blocks of Bk-Il to Bk-Ill soil; upper Santa | e_ roup
the innermost rinds thus should yield ages that are similar to or slightly younger than the age of fan-surface abandonment. _ obbles SO e S e i) | 1 127,21  sand (m-c) 1-5 20 well 10YR 7/1 so S0, po none fluvial minor crude, thln (1-2 mm) pe(.ided, otherwise massive; sand []
Significant corrections for detrital thorium components in all four samples, and evidence of uranium loss in two samples, complicate our PNy ) ) . . _ eastern fault zone . composition: qt;>>flg>llth|cs, conzalns blo.cks pf Bk-Ill soil .
jimited U-series analyses. Our four samples yielded three divergent ages ranging from 70 to 244 ka: only one of these (92 & 7 ka) may be a . 7 Eolian/colluvial deposit from fourth faulting event HSF2  TL or IRSL sample locality--See table 3 hot hD 2a 28.9,1.1  sand (f-¢c) 60-80 200 mod. 10YR 7/3 so ss, ps Bk-II alluvial gravel transport directions 250-290°; deposited in channels cut in[]
reasonable estimate of the age of carbonate rind formation. However, an age of ~90 ka is younger than the middle Pleistocene age — * for more information photograph C photograp . units 1 and 2b o . o .
assigned to the fan deposits during recent mapping in the area (Love and others, 1996). This age is also younger than similarly developed oo o " 2a 32.2,0.25 sand (f-c) 60-80 100 mod. 10YR8/2 SO SSs, ps Bk-II alluvial grav$I t:ansgozrtt)dlrectlons 280-295°; deposited in channels cut in[]
calcic soils in other parts of the Albuquerque basin (Machette, 1985; Machette and others, 1997). 5] Eolian/colluvial deposit from third faulting event cari P western fault zone o . units 1.an
Solution and reprecipitation of pedogenic carbonate are commonly cited problems in previous U-series dating studies of carbonate soils _ SRERLS SI;JZ Ufsenes Sqrr]lple Iogallty See table 4 SOUTH WALL OF HUBBELL SPRING TRENCH N ' 2b 394,-025 sand(m-c)  40-70 30 mod.-well  10YR 8/1 vh ss, ps K-+ alluvial nonbedded_ _ .
(Slate and others, 1991; Geyh and Eitel, 1998), and evidence of soil erosion, in the form of brecciated carbonate soil horizons, partially or more information e 2b 27.2,1.3 sand (f-c) 25-50 80 mod 10YR 7/4 vh SS, ps Bk-IlI aIIuv!aI nonbedded,. abundant filled cpada burrows
dissolved carbonate rinds, and numerous rodent burrows, is present throughout the trench. Erosion and redeposition of pedogenic 24| Eolian/colluvial deposit from second faulting event _ o 2c 385,015  sand () 30-60 80 poor 10YR 6/6 h ss, ps Btk-Il alluvial eroded Btk in upper part of unit 2 . o
carbonate in the fan sediment may help explain the wide range of U-series ages we obtained, but much more detailed U-series studies will m Magnetic susceptibility measurement--See 3 275,23 sand (f-c) 5 90 mod. 10YR 8/2 vh SS, ps Bk-llI eoI!an/coIIuv!aI coarser than othgr egllan/colluwal deposits; stone lines in footwall
be required before any definitive conclusions can be made about the age of carbonate soils at the Hubbell Spring trench site. table 2 for more information 4 41.0,0.5 sand (f) 2-5 15 well 10YR 7/8 sh SSs, ps Bk-IlI eol!an/colluv!al pervasive frgcturmg increases near westerp fault zone
. . . . . 4 52.7,-1.0 sand (f) 3 20 well 10YR 7/4 h Ss, ps Bk-II eolian/colluvial eolian/colluvial deposit from second event in hanging wall
REFERENCES Eolian/colluvial deposit from first faulting event Unit b dd intion | litv--S 5 42.0,1.1 sand (f-m) 3 15 well 5YR 6/6 h ss, p Btk-II eolian/colluvial some slope-parallel pebble alignment; abundant slope-parallel and []
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