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Photomosaics and Logs of Trenches Associated with
Study of West Napa Fault at Ehlers Lane, North of

Saint Helena, California

By Belle E. Philibosian," Robert R. Sickler,' Carol S. Prentice," Alexandra J. Pickering," Patrick Gannon,"?
Kiara N. Broudy,"* Shannon A. Mahan," Jazmine N. Titular,'* Eli A. Turner,' Cameron Folmar,' Sierra F. Patterson,’

and Emilie E. Bowman'®

Abstract

The West Napa Fault has previously been mapped as
extending ~45 kilometers (km) from northern Vallejo to southern
Saint Helena, California, dominantly running along the western
edge of Napa Valley. A zone of fault strands (some previously
unmapped) along a ~15-km section of the fault ruptured dur-
ing the 2014 magnitude 6.0 South Napa earthquake, illustrating
the need for further investigation of this little-studied structure.
Based on light detection and ranging (lidar) topography and field
examination, the fault zone likely extends an additional 10 km
or more northward past Saint Helena. In this vicinity, geomor-
phology suggests two fault strands, one along the range front
and another associated with a line of rounded hills that rise 5-10
meters above the middle of the valley. In 2017, we excavated two
trenches across an apparent fault scarp on the east side of one
elongate hill near Ehlers Lane north of Saint Helena. Examina-
tion of the walls revealed three main sedimentary packages.

The oldest package, weakly lithified alluvial fan gravels with
local sand and silt layers, is tilted 25°-35° to the west. Overly-
ing these tilted strata are two younger sets of strata. On the west
side, underlying the crest of the scarp, are alluvial fan gravels
with local sand and silt lenses, potentially tilted a few degrees to
the west. On the east side, deposited against the scarp, are much
finer grained (dominantly fine sand to silt) subhorizontal fluvial
strata, likely overbank deposits from the Napa River. We obtained
age control on the two younger units through a combination of
radiocarbon, infrared-stimulated luminescence, and obsidian
hydration dating, establishing that they are latest Pleistocene to
modern in age. Although there are no prominent unconformities
within the alluvial fan sediments, sample dating indicates there
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are two generations, one in the 10-20 thousand year (ka) age
range and one in the <3 ka age range. Owing to a general lack of
well-defined laterally continuous alluvial fan units, it is difficult
to distinguish contacts between the two generations except in

the immediate proximity of dated samples. The river sediments
approximately span the Holocene. No faults were apparent in
either trench, indicating that any fault related to the observed sur-
face deformation has not ruptured to the surface at this site during
the Holocene and is likely blind.

Detailed Descriptions of Stratigraphic
Units

Trench 2

The northern trench (2) revealed distal river sediments
deposited against colluvium-mantled tilted strata at the western
end. At the western end of the trench, the river sediments are
only coarsely stratified (five discernible units). These sedi-
ments are more finely stratified toward the east, differentiating
into more than 15 discernible units (with additional underlying
layers revealed in a deepened part of the trench). Therefore, we
present separate unit descriptions for the west and east ends in
the following two tables (tables 1 and 2).

Trench 1

The southern trench (1) revealed a buried ridge of tilted
strata, overlain by alluvial fan sediments on its west flank and
distal river sediments on its east flank. Individual units within
the alluvial fan sediments have limited lateral continuity and
most do not directly contact the river sediments, so it is difficult
to determine stratigraphic relations between all units. Therefore,
we present separate unit descriptions for the west end, middle,
and east end of the trench in three tables (tables 3, 4, and 5,
respectively).



Table 1. Descriptions of stratigraphic units and position of unconformities on the west end of trench 2.

Unit symbol Description or feature
1 Tilled light gray silty soil with rounded pebbles and cobbles, abundant roots, loose and blocky with large soil peds
o Black-gray clay-rich soil. Upper part is harder, lighter colored, more clay- and silt-rich with more granules and pebbles. Lower part is loose with

small soil peds, organic rich, and more friable. Transitions into unit 2 to east

B Unsorted black-gray, organic-rich silt-sand soil with scattered pebbles and cobbles. Siltier and harder in places, sandier and looser in others.
Contains a light gray zone. Likely tilled to 1 meter depth. Cobbles reworked from the unit below are common along base. Differentiates into
units 3-8 to east

Y Dry, hard, light gray medium-coarse sandy silt to silty sand with many pebbles and a few cobbles. Coarser on average than units § and 5. Largely
matrix supported, intermittently clast supported. Differentiates into units 9-10.5 to east

) Dry, hard, grayish light-brown fine sand and silt with abundant granules and small pebbles. Contains a diffuse coarse layer (coarse sand to pebbly
silt with cobbles). Differentiates into units 11—13 to east

- Buttress unconformity

Col Colluvium mantle likely derived from underlying layers below angular unconformity. Unsorted loose gray small-medium cobbles and scattered
boulders in silty matrix, generally matrix supported; subrounded to rounded clasts generally inclined to the east

- Angular unconformity

BAUI Oxidized, hard, light gray clayey silt

BAU2 Oxidized, yellow rounded cobbles and boulders. More cemented than overlying unit. Mainly clast supported. Matrix, where present, is oxidized
coarse silty sand. Consistent inclination of cobbles and contacts suggests ~25° westward dip

BAU3 Well-rounded granules and some small pebbles; larger pebbles near base

BAU4 Medium to coarse sand

BAUS Silt to fine sand with some granules and small pebbles

Table 2. Descriptions of stratigraphic units on the east end of trench 2.

Unit symbol Description

1 Tilled light gray silty soil with rounded pebbles and cobbles. Abundant roots present. Soil is loose and blocky with large soil peds

2 Pale orange breccia, possibly artificial fill for railroad grade. Color transitions to less yellow and more gray to the west. Locally contains tilled
blocks of unit 3

3 Dark gray-brown massive silt with pebbles and granules

4 Layer or stringer of rounded cobbles; intermittent

4a Brown pebbly silt

5 Coarse sand and granule gravel with yellow and white subangular pebbles. Dark brown silty clay matrix

6 Medium-dark brown silty clay with lenses and scattered clasts of coarser material including white granules, very coarse sand, and pebbles

7 Dominantly white tuff clast-supported granule layer

8 Greenish medium-brown massive silty clay with lenses of coarser material; fewer scattered granules and very coarse sand grains than in unit 6

9 White, gray, and brown clast-supported very coarse sand and white tuff granules with local clay lenses and some iron staining

10 Greenish medium-brown silty clay with few pebbles and granules. Locally layered. Contains charcoal- rich burn horizon at meters 20-22

10.5 White, gray, and red pebbles and scattered cobbles in clay to fine sand matrix; subangular clasts. Fines and pinches out to east

11 Medium brown generally massive silty clay with very abundant pebbles and granules; dry with desiccation cracks

12 Medium-dark brown massive silty clay with scattered granules and pebbles; dry and hard with abundant desiccation cracks

13 Light brown massive silty clay with abundant white and gray pebbles and granules; increasing pebble and cobble content (entrained colluvium) to
the west. Granule lenses near top in the eastern part. Hard and slightly damp

13.5 Subrounded medium pebbles to cobbles with matrix that ranges from medium brown silt to coarse sand. Coarser matrix than unit 13

14 Orange-brown massive silty clay with scattered white and gray coarse sand grains, granules, and pebbles. Dry, very hard, and cement-like at top,

becomes slightly damp and darkens downward. The lower third of the unit contains more fine sand and pebbles, locally in lenses, and interfin-
gers with unit 15. Sand and pebble content increases toward the west

15 Clast-supported gravel composed of subrounded to well-rounded large pebbles and cobbles in fine sand and silt matrix with granules. Wet and
very friable

16 Matrix-supported gravel composed of rounded white granules and pebbles in clay-rich matrix; damp and loose. Contains fewer pebbles and cobbles
than the layers above and below; transitions from silty clay matrix with few pebbles to sandy matrix with many pebbles from east to west

16.5 Grayish-blue sandy, silty clay with sparse subrounded cobbles and white pebbles

17 Clast-supported gravel composed of subangular to subrounded pebbles and cobbles in sandy granule matrix; wet and loose at top and well-

cemented at base




Table 3. Descriptions of stratigraphic units on the west end of trench 1.

[cm, centimeter]

Unit  Subunit -
Description

symbol symbol

A3 - Blocky soil composed of well-rounded cobbles in organic-rich brown-gray silt; friable with soil peds. Bioturbated base forms a weathering
horizon on units C1 and C2 with relict blocks of C1 and C2 found within unit A3

A4 = Yellow well-rounded cobbles in yellow to pale orange cemented matrix with iron staining

Cl - Pale orange, moderately rounded, poorly sorted, cemented, iron-stained cobble gravel; grades in and out of unit C2. Possibly the uppermost
part of unit F with some soil development

C2 - Dry, hard, massive pebbly clay, silt, and coarse sand with extensive bioturbation and burrowing. Perhaps simply expresses weak soil devel-
opment in finer parts of unit C1 and (or) top of unit F rather than a distinct stratigraphic unit

Ch - Granules to small pebbles in sandy silt matrix fill channels incised into unit F; finer and less cemented than unit F

- Pebbles in silt matrix; matrix supported

E Upward-fining pebble gravel to fine sand layers present only at far western end of trench

- El Massive, bioturbated fine sand with few pebbles

- E2 Clast-supported pebble gravel in west; pebble-rich zone in east

E3 Clast-supported pebble gravel composed of moderately rounded clasts in silty very coarse sand matrix; weakly bedded and iron stained

F - Pale orange, poorly sorted, moderately rounded sandy pebble gravel with significant burrowing and iron staining. Maximum clast size of ~10 cm.
Contains cemented finer gravel lenses; becomes more cemented and fines (more sand, fewer cobbles, less rounded clasts) to west on average.
Cobble poor and matrix supported at meters 26-29. Similar to unit M but more poorly sorted. Roughly grades into units N and O to east

G - Interfingering sand lenses. Upper lens (unit G1) is medium to very coarse sand with pebbles and lower lens (unit G2) is sorted very fine sand

H - Pebble gravel, coarser than unit E3; iron stained

I - Locally well sorted medium sand with faint and thin coarse sand and pebble interbeds; manganese and iron staining

J - Orange-mottled, poorly sorted, subrounded, clast-supported sandy cobble gravel; grades to pebble gravel to west. Loose and iron stained

K - Pale orange, poorly sorted pebble and cobble gravel in silty sand matrix; maximum clast size of ~7 cm. Hard and well-cemented

IL, - White-yellow silty fine to coarse sand lenses, the majority of which are massive, well-sorted silty fine sand. Coarse sand, granule, and pebble
interbeds present; some lenses exhibit faint laminae and (or) iron staining. Units L1-L4 indicate distinct lenses that dip to either side from
center of unit; this may be depositional dip. Interfingers with units J, K, and M

M - Gray clast-supported gravel composed of subangular to subrounded pebbles in a coarse sand and granule matrix, friable to weakly cemented.

Locally sorted; finer (pebbles in sand) to west, loose clast-supported gravel lenses with void space and very little matrix in east. Manga-

nese staining in east

Age Determination

Three different methods were used to estimate ages of
strata: radiocarbon dating, obsidian hydration dating, and
luminescence dating. Of these three, radiocarbon dating
provides the most precise ages, but can only be performed on
samples of organic matter. Organic material (largely charcoal) is
plentiful within the river deposits but scarce in the other units.
We dated a representative suite of radiocarbon samples from
throughout the section of river sediments and every available
sample from the other units. Obsidian hydration dating is less
precise but is much less expensive than radiocarbon dating. We
supplemented the radiocarbon ages by dating every available
obsidian sample. However, like organic material, obsidian is
plentiful in the river deposits but scarce elsewhere. For the
alluvial fan deposits, we rely on luminescence dating, which
is the least precise method but can be performed on any fine-
grained sediment. We also obtained a series of luminescence
dates from the river deposits to verify that ages are consistent
among the three methods.

Radiocarbon Ages

The radiocarbon dating method measures the ratio of the
radioactive isotope of carbon (**C) to the stable isotopes *C and
12C in a sample of dead organic matter. This determines the time
elapsed since the sample of living tissue died. This age of death
may therefore be significantly older than the age of deposition
of the unit in which the sample is found, particularly if the
samples are charcoal, which can have a long period of surface
residence and transport before final deposition. All samples of
organic matter found in the Ehlers Lane trenches are charcoal
(table 6).

Obsidian Hydration Analysis

Over time, the outer surface of an obsidian clast reacts
with water in the environment to form a hydrate rind or band.
The band thickness increases with time, so the age of the clast
surface can be determined from the band thickness (measured
using microscopy) and a known band growth rate. The latter



Table 4. Descriptions of stratigraphic units and position of unconformities in the middle of trench 1.

[mm, millimeter]

Unit symbol Description

Al Modern soil A horizon; unsorted silt and sand with some pebbles and cobbles

A2 Unsorted silt to coarse sand with few pebbles and cobbles

A3 Blocky soil composed of well-rounded cobbles in organic-rich brown-gray silt; friable with soil peds

N In-place remnants of well-cemented gravel composed of unsorted silt, sand, pebbles, and few cobbles, surrounded by bioturbation and burrows.
Finer than and interfingering with or below unit F

Pebbly unsorted silty sand with few cobbles; extensive bioturbation and burrowing

P Dry, very hard, cemented, poorly sorted, massive pebble and cobble gravel with coarse sand and granule matrix; fines upward to pebbly
medium-coarse sand on south wall. Appears to grade into unit U to the east

Q Pebbly coarse sand

R Dry pebble gravel with matrix of silty very coarse sand and granules. Contains medium-coarse sand lenses and cobble layer along base. Crude
bedding and manganese staining

S Pebble to cobble gravel, similar to and grades into unit K to west

T Gray pebble gravel, finer than unit S, similar to and possibly grades into unit M to west

- Angular unconformity

BAU10 Massive pebble and cobble gravel; finer layer at top

BAUL11 Layered coarse sand, small pebble gravel, and medium sand fill channel incised into unit BAU12

BAUI12 Interbedded distinct layers of silt, silty medium sand, coarse sand, and granule to pebble gravel with crossbedding and laminae. Clear westward
dip of ~30°

BAUI13 Massive pebble and cobble gravel with loose very coarse sand and granule matrix. Mostly clast supported, locally matrix supported; crude
orientation of clasts and indistinct bedding at 1-meter scale suggests westward dip. Iron and manganese staining

BAU14 Yellow-orange mottled massive silty fine sand; fines upward. Dry and hard with in situ burrows, subvertical weathering fabric, and iron stain-
ing. Contains 3—5 mm thick planar gray clay layer

BAUI15 Clast-supported pebble and cobble gravel exhibiting clast orientation that suggests westward dip

Table 5. Descriptions of stratigraphic units and position of unconformities on the east end of trench 1.

[cm, centimeter]

Unit  Subunit I
Description or feature

symbol symbol

Al - Modern soil A horizon; organic-rich, loose pebbly sand and silt with soil peds

B - Massive sandy silt with scattered pebbles; most pebbles are subrounded with weathering rinds

- B1 Dark brown, organic-rich, dry, hard, massive pebbly sand and silt with abundant roots and desiccation cracks

- B2 Ashen gray to light brown massive sandy silt with scattered pebbles as large as 4 cm in diameter. Dry and hard with scattered roots and
some granule lenses; becomes less distinct to west

- B3 Thin lens of gray silt with scattered granules

- B4 Gray-mottled medium brown massive sandy silt. Dry and hard with numerous desiccation cracks, many vertical gleyed zones, fewer pock-
ets of granules than unit B2, and many weathered pebbles as large as 5 cm in diameter

- BS Orange-mottled to yellow-brown massive clayey silt with scattered pebbles; finer than the rest of unit B. Slightly damp with subvertical
weathering fabric

U - Cobble colluvium mantle likely derived from underlying layers below angular unconformity. Largely clast supported; becomes finer and
supported in brown matrix to east. Interfingers with base of unit B4 and unit B5 to east

\Y = Orange-tinged pebbly sand-silt colluvium, likely derived from unit BAU14. Transitions from clast supported to matrix supported from bot-

tom to top. Interfingers with unit B5 to east

Angular unconformity




depends on obsidian composition and burial environment

and has been empirically calibrated for Napa Valley’s Glass
Mountain obsidian using samples of independently known age
(for example, Carpenter and Mikkelsen, 2005). Using X-ray
diffraction analysis, all obsidian samples collected at the Ehlers
Lane site were determined to be consistent with a Napa Valley
Glass Mountain source (unsurprising as Glass Mountain is only
a few kilometers from the Ehlers Lane site). As with radiocarbon
samples, the age of the clast could be substantially older than the
age of deposition. The surface ages on obsidian debitage (human-
worked flakes) are likely closer to the age of deposition than the
surface ages on naturally eroded clasts. Obsidian hydration ages
for the Ehlers Lane site are given in table 7.

Infrared-Stimulated Luminescence

Buried sediments trap electrons that are emitted by decay
of local radioactive elements. Light exposure releases these
trapped electrons within seconds to minutes. Luminescence
dating works by measuring the stored luminescence in mineral
grains of quartz or potassium feldspar under controlled condi-
tions in the laboratory, then taking that result divided by the
isotopic decay of known radioactive minerals that generate the
luminescence. Visible light is used on quartz grains whereas
infrared wavelengths are used on feldspar grains. Our samples
had very little quartz, so we used infrared-stimulated lumines-
cence dating on the feldspars (table 8).

Table 6. Radiocarbon analysis results for Ehlers Lane site samples, Saint Helena, California.

[USGS, U.S. Geological Survey; %o, per mil; NIST, National Institute of Standards and Technology; SRM, standard reference material; pg, microgram]

Sample USGS no.! Material Pretreatment? F “C +20° “Cage +20*  Trench Stratl:g::lsphlc
Nm-10C-a-ch 1299 Charcoal ABA 0.6806+0.0036 3,090+40 2 6
Sm-16D-a-ch 1300 Charcoal ABA 0.6940+0.0038 2,935+40 2 9
Sm33D-a-ch 1301 Charcoal ABA 0.6941+0.0038 2,935+40 2 d top (=11)
Sm9E-a-ch 1302°¢ Charcoal ABA 0.6219+0.0036 3,815+50 2 12
Sm15G-a-ch 1303 Charcoal ABA 0.3719+0.0030 7,945+70 2 14 top
Sm17K-a-ch 1304 Charcoal ABA 0.3077+0.0036 9,470+90 2 14 base
Sm11J-b-ch 1305 Charcoal ABA 0.3180+0.0026 9,205£70 2 14 base
Nm9J-a-ch 1342° Charcoal ABA 0.3323+0.0036 8,850490 2 15-16
Sm10J-a-ch 1341 Charcoal ABA 0.2659+0.0032 10,640+100 2 16
S-G7-b-ch 1297 Charcoal ABA 0.9295+0.0050 585+40 1 east Bl (in situ)
S-G7-a-ch 1296 Charcoal ABA 0.9157+0.0046 705+40 1 east B1
S-H1-a-ch 1294 Not enough carbon for analysis 1 east B2
S-13-a-ch 1295 Not enough carbon for analysis 1 east B4 top
S-L0-a-ch 1293¢ Charcoal ABA 0.3347+0.0032 8,790+80 1 east B4 base
N-L4-a-ch 1292 Not enough carbon for analysis 1 east B5
N-C29-a-ch 1289 Charcoal ABA 0.0066+0.0022 40,300+2,800 1 west C2 (fossil fuel?)
N-C25-b-ch 1290 Charcoal ABA 0.9509+0.0050 405+40 1 west C2 base
S-E28-b-ch 1298 Not enough carbon for analysis 1 west L1
N-G23-a-ch 1291 Not enough carbon for analysis 1 west M top

'Unique identifier for each radiocarbon analysis in the USGS Radiocarbon Laboratory. Analyses were performed by Jeff Pigati and Jeff Honke. Reporting follows
standards established by Stuiver and Polach (1977) and van der Plicht and Hogg (2006).

*Chemical pretreatment protocol applied to the sample. ABA, acid-base-acid; HCI, hydrochloric acid leach.

3Activity ratio of "*C corrected for isotopic fractionation and normalized to a §"*C value of —25%o. By convention, the modern reference standard is defined as 95
percent of the '“C activity of NIST Oxalic Acid I (SRM 4990C). Uncertainty is given at the 2c level.

“Conventional (uncalibrated) radiocarbon age, based on the Libby half-life of 5,568 years, where 0 years before present is 1950 A.D. Uncertainty is given at the 2c level.

SSamples are listed in stratigraphic order within each of the stratigraphic sections (trench 2, trench 1 east, trench 1 west).

°Sample yielded <300 pg of carbon. We recommend this result be viewed with caution.



"(3soMm T YOURI) ISED | YOULI) ‘7 Youa:) suonoes dryderSnens ay Jo yoes unpim 1opio orqderSnens ur poaysiy are sojdureg,

"9AIND UONBIPAY o) JO
y1ed Jery) 10 JSTXO BIEP UOTJBIQI[ED OU SE ‘(BY) SWNUUE-O[D ()] < SIT. 10 PAUSISSE 10U dIoM SANUTEIIU( *(G007) USS[ONIA pue I9uadie)) WoIj AIND UOHLII[ED AU} PUNOIE IO)EOS UO PISEQ PIJLWTSI I0M SNUTENIIUN ATV,

‘ypdop [elng pue arnjeraduwe) JudIquIE 10§ SUNUNOIOE 1o} E SSOUNOIY) JUI[RAINDI SOJEOIPUI SSIUNIIY) PJOaLIO)) "Fe oY) QUIULIDIOP 0} SSIWDIY) PUBQ PIAIISQO WNTUIXEU ) 9SN OM PUe SULIOYIEIM AQ Pasned st
A)TIQRLIEA 9T} QWINSSE dM ‘SSAUDITY) pukq UOTRIPAY S[qELIBA [JIM S)SBID 10,] *(§ Uwnjod ur sy [dures {sojeroossy 2 105110 wo] ) A10je1oqe] ueIpisqQ s, 105110 Je pouwroyrad o1om sosAeue oSe pue sSOUII) pueq UOnLIPAH,

'$9559201d 0130[093 BIA pauLIo} dAey 0) Teadde sise[o [eIeu searaym suewny Aq Surdeys jo sudis 1eaq SISB[O PAYIOM

"20IN0S UTBIUNOJA] SSE[D) A3[[eA BABN] B [)IM JUSISISUOD [[1)S QI8 S)NSI JNq “SOIY) W 4> sA[dUILS 0M) JOJ UMOUS[UN PAISPISUOD
S1 0ouLUAA0I{] (7 utunjoo ur s ddures) dnoin) yoreasay] [eorSojodoIyiuy WIS Je, Je Uosuyof A[epuniejy seon £q sisA[eue uonisoduiod JUIW[-90LI) 99UISIION]Y ALI-X YSNOIY) PIYSI[QEISO SBM OUBUIAOL],

MM 00€FIE8T 4 LY S[qeLes [EIJEN  UIEJUNOJN SSB[D) paroyEdM  8-6011-100 00¥9C  90-e-$Td-S

4 ISM T 00EF001°T Le (\§7 POdION  UIBIUNOJA SSE[D) -6011-100 ¥6€9C  90-8-8TA-N

doy i 1soM T QOEFEOTT 8T Ie PO3ION  UIBIUNOJA SSE[D) 1-6011- 100 €6£9C  QO-e-[7O-N
(ya) mdopwrgz—z  1sBO [ 00EF6LY T S'¢ 8¢ S[qeLIeA POYIOA  UIBJUNOIN SSB[D) poIayIEIM 96011~ TO0 6£¥9C v
doypg IS [ 009F60E‘t €S 8¢ d[qerrep PosIOM MO PIOY UI 9Y0Iq ‘PAISYILIN  €-6011-TO0 S6€9C  90-9-94-N
IopIoq g-1d  I1Sed [ 00ETF886°[ 9¢ 6'¢ S[qeLIes PO3IOA  UIBIUNOJA SSE[D) PIoY UI 9Y0Iq ‘PAISYILIN  T[-6011-TO0 Y0¥9C  90-e-$D-S
19 sed ] 009FEELL I'L 8L S[qeLieA  PAIOM A[qeqOId  UIBJUNOJN SSB[D paoyedM  01-6011-100 09T qo-e-$D-S

19 ISBd T 009F988°9 L9 €L S[qeLIeA POYION,  UIBJUNOIN SSB[D porayeaM  11-6011-T00 €0v9T  90-9-%D-S

1 e 009FCTSS 09 $'9  paxIom A[qISSOJ  UIBJUNOJN SSB[D) +-6011-T00 96£9C  QO-e-1D-N

Id IS 009F60E Y Y 8'S J[qeLIEA POIOA|  UTBJUNOJA SSB[D) payiedM  6-6011-100 10Y9C  90-e-0D-S

1d SB[ 009FE89°C 6t Y S[qelep  PdIOM A[qeqOId  UIBJUNOJA] SSB[D) paspEIry  G-6011-100 L6§9T  qO-B-¢D-N

91 T £86°5€¢€ 89p €S S[qELIEA [eINJEN  UTBJUNOIA] SSE[D) parEO  $€-6011-100 LTH9T  qo-e-[eWS

ST T €8%°L98 TSL 08~ [eIJEN  UTBJUNOIA] SSB[D) paromEom  8€-6011-100 I€Y9C  qO-o-[[[WS

S1 T €8%°L98 TSL 08~ [eIEN  UTBJUNOIA] SSB[D) parEoM  L€-6011-T100 0€¥9C  qo-e-[[[uWS
aseq 1 4 S9STH8 ThL 8 S[qeLIep [eIjeN  UIBJUNOJA SSE[D) pasayedm  0Z-6011-100 TIY9T  qo-e-[TTWN
oseq ] 4 781°8€9 S¥9 €L S[qeriep [EINJEN  UIEJUNOJA SSB[D) paIOEIN  [H-6011-100 PEYOT  QO-B-dp WS
aseq [ 4 L6V°0T9 9'€9 L S[qeLIEA [eIJEN  UTRJUNOIA] SSE[D) parmEop  0-6011-100 €E9T  QO-q-[ZTWS
oseq 1 T STET9E 98y g S[qELIEA [eIJEN  UTRJUNOIA] SSB[D) pardEOM  €2-6011-100 STH9T  qO-B-[LTUWIN
aseq 1 T 009FE60°L 89 YL POHOA\  UIBIUNOA] SSE[D) $1-6011-100 90¥9C  qo-e-[gWN
S[ppI ] T ISS'SSST L00T 2t S[qeLIeA [EINJEN  UIEJUNOJA SSE[D) pasapEapy  L1-6011-100 6079C  90-e-HO[WN
S[ppIu 1 4 71691 S0T SII [BIMEN  UIRJUNOJA] SSBID) 81-6011- 100 01¥9C  QO-B-JOTWIN
€1 T S80°0K9T ¥'€0T LT S[qELIEA [eIJEN  UTBJUNOIA] SSE[D) PaIEOM  #-6011-T100 LEYOT  qO-e-JgTuIS

€1 T 009FCTSS 09 99 POJION  UIBIUNOIA] SSB[D) paIoyiedM  TZ-6011-100 YI¥9C  Qo-B-J9[WN

Tl T 009FL68'S 9 89 POJOA\  UIBIUNOJA] SSB[D) 12-6011-100 €1¥9C  QO-B-HZIWN
TI-T1 T 009FL68°S 9 89 POIOA|  UIBJUNOIA] SSB[D) 7€-6011-100 STh9T  qo-e-gruwis
I T 009FSLI'S €L 08 S[qELIEA [eINJEN  UTBJUNOIA] SSE[D) parmEo  $2-6011-100 91¥9T  90-e-OTWN

I T 00€F0L6T v 8Y S[qELIEA PONION,  UTBJUNOIA SSE[D) paIEOM  TH-6011-100 SEP9T  qo-e-ggTwWS

I T 009F68€°C LY I's PSYIOA\  UIEJUNOJA SSE[D) S€-6011-100 8TH9T  qO-e-HO[WS

(11=) dor @ T 009F066°C I's 9 POJIOA\  UIBIUNOJA] SSB[D) 62-6011-100 TTH9T  qo-e-q9gWN
Sor T 009F€89°¢ 6F ¢S PO[IOA\  UIBJUNOJN SSE[D)  d0BJINS UsxoIq woly udxye) o[dwes  9z-6011-100 61¥9T  qO-e-[TWN
Sor T 009F9T'E 9y 0 POYIOA\  UIBJUNOJN SSBID) LT-6011-100 0TY9T  90-e-dTTWN
(S01=) £ T 00€FSITT 8¢ (44 PO3ION  UIBJUNOJA SSEID) 0€-6011- 100 €TY9T  QO-e-DLEWN
(S01=) 4 T 00€F001°C L 0 POHOA\  UIBUNOJA] SSB[D) 82-6011-100 1TH9T  q0-e-g9cWN
6 T 00£F90LT TP 9 POIOA\  UIBUNOJA] SSE[D) S1-6011-100 LOY9T qo-e-dOTWN

6 T 00EFFSHT 0¥ vy PadIOM uMmowu) pRyurajorg  £€-6011-100 9Ty9T  qo-e-ewsS

Jiun aiydesbpens  youalp ua”MM“oo AE___HNMM___M_M_E AE__U__V_WMH”__\“___u () W_ww“v_u___u 2Adhkisepn ,80UBUANOI] SajoN al gej 1abug a =“Mwmo>> a|dwesg

"BIUIOJI[R) ‘BUB|AH uleS ‘sajdwes als aueq s1a|yJ Joj synsal sishjeue uonelpAy ueipisqQ

[1930W ‘W fwnwIrKew ¢ Xew (I19JWoIdI ‘wi]

‘L3lqeL



‘Sunep

TS| Jo oSuer o) puoaq 9q 0) pawnsse 2q 0s[e ued TSO-L-N 05 TSO-LI-N 2a0qe A[reoryderdnens st 1opef oy "ISO-#1H-S d[dwes woiy synsa1 o) Sururejqo 10je TSO-L-N 2jduwres uo pajjey sem sisA[euyy

‘(3som [ YoULx) 9SO | YOudL) ‘7 Youar}) suonods oryderdnens oy Jo yoed unpim 1opio orydersnens ur peysiy o1 sojdueg,

‘[opour 23k [eNUAD AV {[opow 28k WU ‘N VIA,

"[OAQ] OF AT} J& UAIS

SI Ajurejrooun g uo pasn jy teaut] snid fenuouodxy "(apej snojewiour ou ), (¢ e urede pue D, 09 03 pareay jdwes oy} YPIm uone[NWNS paIejur) Tedsp[aj-3] pazis-IAAWOIIW-()G7—()6 PAUIRIS-auy 10J a3V,

‘Topow 95e [enudo oy uey) Aerrdordde orow 9q Aew [opow a5k
WNWIUIW Y} Jey) SUNedIpuUl SUSWIPAs PAXIW 10 payoed[q A[100d oq 0) pa1apIsuod are Judorad (¢< sanfep “(0z0g ‘wea] 210D ) weidoid aremijos 3 ay) Suisn paurelqQ "sanjea g 2y} Jo UoIsiadsIpIdAo st pauya(,

‘sureid 1edspyaj uo uonerdudgar jonbife
9[3uls e1A pazA[eue a3e pue g pruesaidor oy) Furenofes ur papn[oul SHUSWINSLIW JO JIQUINU [8)0) A)eIIpUl sasajuared ur soInGi] ‘[e10} Ay} )B[NI[I 0} Pasn sjewnsa (F) 250p ua[eainba pajesrdar jo roquinN,

“BY/AD) 0€°0—L1°0 INOQE 2I9M SISOP dTWSO)) “($66]) UONNH PUL 1109S2IJ JO SPOYIAW 21} Tuisn paje[nafes ydop Y)m Uorenua)je pue Sosop SIS0d SIPNJOU],

*(1030910p wmrueuwndd Ayand Y3y e Juisn) Anowonoads ewured uonnjosaI-ysny Suisn paure1qo sasAeuy,

(6=070xSH = (Sp) L ‘stieyy) amysiowr pajernjes ay jo juddiad (g Sursn pajernofes sady "afejussiad uonernes ajdures 2)o1dwiod oy 2jearpur sesayjuated ur saIngdy arnjsiows plar,

vinvd  Isem | - - - - - 6I0FLY 19°0¥SS'6  STOFYS'E  90°0FSH'| (€r) L o1g ¢I1SO-LMN

TInved  sem | = 000°801< %9¢ (01 01 orb<  9T'0FLOY LY 0FE0'8  €TOFEI'E  90°0FITT (&)Lt ost TSO-vIH-S
VD 0TTHFOTH 61 (¥ 0T 01FY6

OSEq IO N 1SOM | NVIN  08€TFOEE01 %t &0 ¥ 9'SFOS  TI0F8Y [€0FLI'6  TTOF6I'E  ¥0'0FSS'I (Lot 08¢ TSO-12D-S
VD 09t +F079°61 (00 L1 1'8FSLL

YT M| INVIN 09€°€FOL6 TT %6€ (00 ¥ €9FCLY  8I0FS6'E 19°0FE1'8  TTOFEST  90°0FSSI (oL) €1 8¢ TSO-6T4-N
VD 000°€FOIILI (02 L1 ¥9FE9L

T sm INVIN 0T6°TFOITIT %E€ 00 9 ¥'9F0S 11079t €C0F6F'8  61°0F0TE  61°0F€9'1 (S¥) L 0Tt TSO-87d-S
AVD  000%FOIETT (92) st 89T 68

O M INVIN 08T €F066°CT %9€ oL TIFS TS €TOFOI'Y 08°0F06'6  61°0F0ET  60°0FLY| (o) 9 G681 TSO-€7d-S
INVD  08S'TFOLI'ST (0¢) 9T YEFPLY

a sm| NVIN 00€TFOTE 1T %0€ (099 I'vFI'TH 01'0FILE 1£0F98'8 [T0F8'T  $0°0FL80 (ov) 8 0€1 TS0-9¢9-N
VD 0T8°TFO16°81 (02) 61 LYFS'L9

sd IS8 | NVIA 00€°TF09S°€T %LT (009 6 ¢Fr'8Y 01'0FSL'E LTOFYL'L  61°0F16C  vO'OFLI'T (79 ¥1 0€€ ISO-TT-N
VD 00T TFOLS'S ((Yokas 6°€FTTE

aseq ] (4 NVIN 008F0LY‘S %ss (SO Tl €IF90T  TIOFLLE €C0FI60  0TOTLYT  0'0F9E'] (+€) 91 8t TSO-MTWN
VD 00t €FOPE 0T ((YaR <4 ¥ 9FS 6

doy [ 4 INVIN 00S TF00S %LL (SO L 8 TFCLI 1T°0F28'€ 0S'0FSP'L  TTOF88'T  $0O'0FCTT Loren 092 TSO-49TWN
VD 09€°SF0L6'6 (¥ 91 9'6F9¢

9 (4 INVIN 0T6FOLS'E %201 (XS 91761 11°0¥19°€ 9TOFET9  YTOFIIE  ¥0O'OFCI] (6v)L <8 TSO-D9TWN

oy a_wwm___uu‘:w youail ,Japow aby o(1h) aby Janeag M ~A—_>M“wmw=c%m_ omw_”_\_ \Mu.w._. wdd) yy wdd) n A%) N Emzuu\o‘wﬁmg ._Au_“__“r ajdweg

[o1qeordde jou ‘- <1eak I Guoorad ‘o ‘uoryru 1od 1red ‘wdd ‘s1eok puesnoyy 1od AeI3 ‘ey/An) (AeIS AD) {1010WNULd ‘Wd "A10jeIoqe ] Sunje(] 90USOUINT SOHS Y} Je UBYRIA] UOUURYS JOYINEod Aq pauLojiod a1om sasA[euy]

"BIUIOYI[R) ‘BUB|AH Juleg ‘sajdwes a)s aueT S19|yJ Joj synsal sishjeue (1SY|) 8oUsISaUIWN| pale|NWAS-paJeIul Jedsp|a4

‘8 31qeL



References Cited

Carpenter, K., and Mikkelsen, P., eds., 2005, Lithic production
and craft specialization in the Middle Period—Data recovery
excavations at CA-NAP-172: Davis, California, Far Western
Anthropological Research Group, Inc. [produced for the City
of Calistoga, California], 92 p.

National Center for Airborne Laser Mapping [NCALM], 2010,
Napa Watershed, CA, airborne lidar [collected in 2003]:
National Center for Airborne Laser Mapping, distributed by
OpenTopography, accessed October 1, 2016, at https://doi.
org/10.5069/G9BG2KWO.

Pickering, A.J., DeLong, S.B., Philibosian, B.E., and Prentice,
C.S., 2021, Lidar point cloud, GNSS, and DEM raster
data from the Ehlers Lane fault-study site near St. Helena,
California, March 31 and August 1, 2017: U.S. Geological
Survey data release, https://doi.org/10.5066/P9SMA4XH.

Ponti, D.J., Rosa, C.M., and Blair, J.L., 2019, The Mw 6.0
South Napa earthquake of August 24, 2014—Observations
of surface faulting and ground deformation, with
recommendations for improving post-earthquake field
investigations: U.S. Geological Survey Open-File Report
2019-1018, 50 p., 15 appendixes, https://doi.org/10.3133/
ofr20191018.

Prescott, J.R., and Hutton, J.T., 1994, Cosmic-ray contributions
to dose-rates for luminescence and ESR dating—Large depths
and long-term time variations: Radiation Measurements, v. 23,
p. 497-500.

R Core Team, 2020, R—A language and environment for
statistical computing: Vienna, Austria, R Foundation for
Statistical Computing, accessed January 17, 2020, at https://
www.R-project.org.

Stuiver, M., and Polach, H., 1977, Discussion—Reporting of
4C data: Radiocarbon, v. 19, no. 3, p. 355-363.

U.S. Geological Survey [USGS] and California Geological
Survey [CGS], 2019, Quaternary fault and fold database for
the United States: U.S. Geological Survey database, accessed
June 30, 2019, at https://earthquakes.usgs.gov/hazards/qfaults.

van der Plicht, J., and Hogg, A., 2006, A note on reporting
radiocarbon: Quaternary Geochronology, v. 1, no. 4, p.
237-240.


https://doi.org/10.5069/G9BG2KW9
https://doi.org/10.5069/G9BG2KW9
https://doi.org/10.5066/P95MA4XH
https://doi.org/10.3133/ofr20191018
https://doi.org/10.3133/ofr20191018
https://www.R-project.org
https://www.R-project.org
https://earthquakes.usgs.gov/hazards/qfaults

	Abstract
	Detailed Descriptions of Stratigraphic Units
	Trench 2
	Trench 1

	Age Determination
	Radiocarbon Ages
	Obsidian Hydration Analysis
	Infrared-Stimulated Luminescence

	References Cited
	Table 1. Descriptions of stratigraphic units and position of unconformities on the west end of trench 2.
	Table 2. Descriptions of stratigraphic units of the east side of trench 2.
	Table 3. Descriptions of stratigraphic units on the west side of trench 1.
	Table 4. Descriptions of stratigraphic units and position of unconformities in the middle of trench 1.
	Table 5. Descriptions of stratigraphic units and position of unconformities on the east side of trench 1.
	Table 6. Radiocarbon analysis results for Ehlers Lane site samples, Saint Helena, California.
	Table 7. Obsidian hydration analysis results for Ehlers Lane site samples, Saint Helena, California.
	Table 8. Feldspar infrared-stimulated luminescence (IRSL) analysis results for Ehlers Lane site samples, Saint Helena, California.



