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Figure 18 A) Stream, topographic profiles, and cross-sections of deposits along Sulphur Creek (Fig. 1C). Profiles were extracted
from LiDAR topography, site numbers in bold, R - Rockland Ash (~600 ka). This is a large, constructional terrace formed from

before ~600 ka continuing through at least 175-235 ka. The uppermost outwash terrace grades to the 1500 m shoreline. B) Photo of
fluvial-deltaic deposits at site 137, looking north. At this location the sediments are dominated by lacustrine deposits. C). Close up
photo of wave ripples from site 137 in B. D) Photo of fluvial deltaic deposits at site 138. At this location there are finer grained
deposits interbedded with very coarse-grained deposits.
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Willow Creek. An approximately 60 m thick section of indurated sands, pebbles, and cobbles
along Willow Creek is exposed along Clio Road and Willow Creek (Figs. 8C and 9A and B). The lower
~42 meters of this section is indurated and relatively coarser grained than the upper ~18 meters. These
lower, indurated deposits are interbedded silt, silty clay, fine sand, and pebble beds with the most coarse-
grained facies composed of cobbles. The basal part of the section is in general more coarse-grained and is
composed of very large cross trough beds (?) or nested channels up to 6 m wide, commonly 2 to 3 m
wide, and shallow (0.5 to 2 m deep) (Fig. 9C). Mathieson (1981) found the Rockland Ash near the base
of this section and based on that location, and using the LiDAR data, we estimate the elevation of this
tephra bed to be about 1416 m (Figs. 8A and 9A; SAM 25A and B). Higher in this section the trough
cross beds become smaller and the section finer-grained, composed of interbedded trough and tabular
cross bedded sands, sand, pebble, and cobble-filled channels, massive diatomaceous silty beds, and few
organic-rich, fine-grained beds up to 20 cm thick (Fig. 9E). Just above this section and about 20 m higher
than the Rockland Ash, the younger Summer Lake LL tephra bed (175-235 ka) was deposited at site 5
(1436 m). At this location the Summer Lake LL tephra bed is thin, laterally continuous, and was
deposited within sands and in part within a silty sand-filled channel that is cut ~1.5 to 2.5 m into the
underlying pebbly sand (Fig. 9D). This tephra bed also underlies a distinct unconformity that may also be
represented at site 4C along Portola Road in the Calfpasture Creek section (Figs. 9A and D, 19A and B).
More indurated sand and pebbles were deposited above this unconformity and the top of the indurated
section is 9 m higher at ~1445 m (Figs. 8A and 9A).

The uppermost 18 meters of sediments have a much different character and are associated with
two eroded fluvial terraces at 1456 m and 1463 m (Fig. 3A). Smaller terrace remnants are also preserved
at about 1466 m, 1475 m, and ~1490 m. These deposits are composed of loose, mica-rich, tangential and
tabular cross bedded sands and lesser fine pebbles (Figs. 9A and C). The change in character of sediment
at ~1445 m, in terms of sediment size, degree of induration, predominance of tangential and tabular cross

beds over broad channels present in the underlying indurated deposits, and the association with inset
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terraces are interpreted to reflect a change in depositional setting and relative age, where these deposits
are younger.

Based on these two tephra beds and the stratigraphy, we interpret that this was a fluvial and
fluvial-deltaic depositional setting that existed from before ~600 ka and continued after 175-235 ka. The
unconformities and channels suggest that there were base level changes, but overall, this was an
aggrading system throughout that time. The upper 18 meters were deposited after and were probably

associated with the 1490 m-shoreline because that is the elevation to which they grade (Fig. 4C).

Calfpasture Creek and Portola Road. A thick package of sand and gravels were deposited
adjacent to the Calfpasture Creek (Figs. 2 and 8D). The Rockland Ash is deposited in two locations
within this sedimentary package separated vertically by about 26 meters (Fig. 19A). It is unclear if this
26 m difference is a result of faulting or is mostly or in part a difference in primary deposition as tephra
draped the landscape. This is important to both the lake and faulting history. In both places the Rockland
Ash was deposited into similar moderately cemented sand (Unit D; Fig 19B and Unit B; Fig. 19C), but
the ash beds dip in opposite directions (4° N vs 6° SW) (Fig. 19A, B, and C). A soil is developed into the
Rockland Ash at the upper site 90, but not the lower site 91. And at site 91 (1398 m), the Rockland Ash
is faulted by a ~N45W 58°NE striking fault (Fig. 19C). This is the only location where we found a fault
or fracture that was north-dipping and not near-vertical. The planar contact and sub-parallel, apparently
sheared material (Fig. 19C) favors a faulting interpretation here. However, considering the unusual
orientation, a depositional mechanism is not ruled out.

The soil developed into the Rockland Ash at site 90 extends from the surface through the
overlying pebbly sand and into the tephra bed (Units E and F; Fig. 19B). Here, the tephra bed dips ~4°
northward, away from the basin. The tephra bed is ~185 cm thick and was deposited on moderately well
cemented, fine to medium sands (Units C and D; Fig. 19B). A moderately-developed soil formed within
these indurated sand and pebble deposits extends into the underlying Rockland Ash. This soil appears to

be well-developed, with 1.5 m of Bt horizons that have common distinct and common prominent clay
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films with hues of 10YR and 7.5YR; however, the majority of the soil development is from clay films and
appears dramatic because they coat the ped faces or the desiccation cracks through the white tephra
deposit (horizons 4Bt and 5Bt; Fig. 19B). Evaluating the relative amount of soil development at site 90
compared with other deposits in Mohawk Valley is not straightforward because the initial texture and
parent material are so different from others that were described and the soil development is expressed
differently in these deposits. The soil exposed at site 90 in the gravels overlying indurated sand, pebbles,
and tephra has poorly developed structure, very little textural change throughout the soil profile that is not
depositional in origin, and is almost entirely expressed by the clay films. This amount of change from the
initial parent material is interpreted as a soil that is overall not that well developed.

Soils developed into the much sandier, loose, and in places open-work outwash deposits from
Gray Eagle and Frazier Creeks have textural B horizons, color change, and structure developed, but no
clay films (Chapter 2). The soil from site 90 may be more developed than soils within the outwash. The
soils developed on the young moraines (Qmy1) that extend towards Mohawk Valley are much better
developed than the soil at site 90 (Chapters 2 and 3). Because of soil development and the topographic
position, we infer the surface associated with the bench at site 90 is younger than the higher shorelines,
and therefore had been cut as base level was lowering and exhumed the Rockland Ash long after its
deposition.

Nearby, at site 5, the Summer Lake LL tephra bed (~175-235 ka) was deposited within an
aggradational section and sits near, but not at, the top of these sediments. We interpret that this means
Mohawk Lake was at or near 1436 m when the tephra bed was deposited, and then continued to rise.
Therefore, any bench formed after the lake reached its maximum and had begun lowering post-dates the
deposition of the Summer Lake LL tephra. The inset benches and therefore the degree of soil

development observed at site 90 may all be less than 175-235 ka.
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Figure 19. A. Schematic cross section I-I”’ (Fig. 2) along Portola Road showing benches related to former lake levels, site 4c, and
two sites where the Rockland Ash was deposited, 90 and 91. Topographic profile was extracted from LiDAR topography. B.
Photos of site MV-90. Letters refer to stratigraphic units and soil horizons. The Rockland Ash (Units E and F) dips gently to the
north and was deposited into sands (Unit D) that are now indurated and overlain by much younger gravels (Unit H) that cut into the
older deposits. Prominent clay films along ped faces in the Rockland Ash are dramatic. Soil development is similar to that in inset
outwash terraces across the valley. C. Photos of site MV-91, letters refer to stratigraphic units. Spherical gravels (Unit F) on the
north are in fault contact along a N45W 58°NE striking fault with the Rockland Ash (Units C and D) on the south. The Rockland
Ash dips gently to the south and was also deposited into sands (Unit B) that are now indurated and overlain by gravels (Unit E).
All units are unconformable over Unit G, a gravelly unit that is related to a younger inset terrace and / or part of the construction of
the house above.
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Summary of the Stratigraphy and Sedimentology of the Mohawk Lake Beds

Compilations of these stratigraphic columns show that there are many thick sections of well
sorted sands, silts, and clays interbedded with moderately to well sorted sands and pebbles and less
common organic-rich sands to silty clays around Mohawk Valley. Tephra beds deposited within them
document that their deposition continued for at least ~500 ky (Fig. 20). Based on the similar timeframes,
elevations, relations with overlying deposits, and distribution all around Mohawk Valley (Fig. 20), we
infer these sections are composed of fluvial-deltaic deposits. These stratigraphic sections lack large-scale

cut and fills and are interpreted as representing a fluctuating but overall rising lacustrine system.
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Figure 20. Aggradational packages of fluvial-deltaic deposits in Mohawk Valley and some key tephra beds found within
them. Thick sections were deposited from prior to 740 ka and after 175-235 ka. Locations of sites used in this figure are
shown in Fig. 2. Open rectangles indicate the top or bottom of the section was not exposed or located, minimum
elevations. Closed rectangles indicate that either the base of the deposits was exposed or the top of the deposits, in the
form of a terrace, were preserved. Where known, the deposits that over- and under-lie the aggradational section and the
elevation of that contact are shown. Interbedded outwash, till, and fluvial-deltaic deposits overlie the fluvial-deltaic
section at ~1445 m in most stratigraphic sections.
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Delta Rim Features in Mohawk Valley

There are erosional benches and cut and fill terraces inset into the Mohawk Lake deltaic deposits.
These terraces are similar in character to those described as delta rim features by Corner et al. (1990) and
are expressed differently around Mohawk Valley. In some locations they are flights of outwash terraces
deposited onto erosional benches. In other areas, they are poorly defined erosional benches on narrow
ridgelines (interfluves) cut into the underlying fluvial-deltaic deposits. These features are often near
modern streams and are capped by a gravel lag or deposit up to 1.5 m thick, composed of coarser-grained
material than the underlying deposits. These subtle shore features are at common elevations from
drainage to drainage and from north to south in Mohawk Valley. We interpret that this regional base
level is controlled by a lowering Mohawk Lake. We describe the characteristics of the different delta rim
features below.

Flights of terraces. A flight of five progressively inset fans sourced from Gray Eagle Creek are
inset within the right-lateral moraines. The fans are cut into the fluvial-deltaic deposits and are composed
of moderately well sorted, stratified, clast-supported, imbricated boulders, cobbles, pebbles, and sand.
We interpret these deposits as fluvial and, because of the coarseness, as most likely glacial outwash.
These outwash terraces are very short and grade to formerly higher base levels (Fig. 5). The elevations of
the base of the back edge of the terrace treads along which these outwash fans were deposited are similar
to elevations of benches, backedges of outwash terraces elsewhere in Mohawk Valley (Tables 3 and 4).

Along Frazier Creek there are also large, very coarse-grained fans inset into glacial and fluvial-
deltaic deposits (Fig. 6B). Again, individual fan deposits were distinguished based on relative
topographic position, with unit ‘a’ as the highest and relatively oldest and unit ‘e’ as the lowest and
relatively youngest fan deposit. The elevations of the base of the back edge of the head of these fans are
similar to the elevations of the outwash fans from Gray Eagle Creek (Tables 3 and 4). We interpret these
common elevations to be erosional surfaces relating to a regional, continually lowering base level. This is

most simply explained if the lowering base level is controlled by a lowering Mohawk Lake.
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Based upon the geomorphic position and the relatively weak weathering, we have mapped these
deposits as relatively young outwash deposits (Qowy2). They have been further delineated using inset
relations from oldest to youngest as Qowy2a through Qowy2d, respectively. All of these outwash fans
have similar soil development in terms of color, depth of oxidation, and thickness of overlying eolian
and/or fine-grained overbank deposits (Chapter 3). The Qowy2d deposits overlie and cut into up to 1 m
of well sorted, loose, diatom-rich silt and sand that we interpret as inset lacustrine deposits (Fig. 15B). A
26 ka tephra bed was deposited within these lacustrine deposits. This tephra bed provides a maximum
age for soil development into the overlying deposit. Additionally, the elevation of this tephra bed, 1388
m, provides a minimum lake level ~26 ka.

Alluvial fans inset into the young outwash terraces have better preserved geomorphology and
relatively weaker soil development than the young outwash deposits (Chapter 2). These changes both
occur at a large step in the amount of incision between outwash and the inset alluvial fan deposits (Fig.
15A and B). The degree of soil development within the alluvial fans is similar to that observed in fluvial
terraces of the MFFR that have '*C dates of ~4 ka (Chapter 2). The alluvial fans are, as a group, much
closer in age to the 4 ka fluvial terraces than to the relatively older, <26 ka outwash fans. The alluvial
fans are also mostly progressively inset to each other, as the outwash fans are. However, the elevations of
individual fan deposits do not correlate among drainages or even on either side of the same drainage.
This suggests a local, drainage specific, control on incision rates and base level rather than a regional base
level control.

Erosional benches on narrow interfluves. There are flights of narrow, subtle, erosional
terraces in several locations around Mohawk Valley. One of these flights is exposed along Johnsville
Road, near Jamison Creek (Fig. 2). At this location, the intermediate-aged end moraine from Jamison
Creek overlies an 190 m thick section of deltaic deposits. Erosional benches overlain by ~2 m thick
bedsets of sub to well rounded, moderately well sorted fine sands and pebbles that are from ~1 to 4 cm in
diameter overlie the finer-grained delta sediments (Fig. 7B). At this location there is not an adjacent

stream in today’s drainage arrangement; therefore a fluvial interpretation for these benches and deposits is
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unlikely. The elevations of these benches are similar to others found elsewhere in Mohawk Valley (Fig. 7

and Table 3).



279

49310 UoUaNeg-09g ‘JOAY JoUJea SU) JO 3104 SIPPIN-HA4IN 49310 MOJIIM-OAA ‘PEOY BlOMOd-Hd Y910 ainised)ien-00 Hfeaid nyding 4o 1SesyoN-OSIN Hfeald nyding-0s 481D
MOJJIA 4O 1SBM UISeg 8U} JO Led UIBYHON-GN ‘B8.e [IS-IS ‘UISeq JO s|ppiw pue abuly ulseq-4g %8819 Inyding JO 1SeMUMON-OSMN N881) Jsizel Jo 1se3-043 Yesl) Jeizeld-04 Yesl) a|be] Aeio jo 1se3-393 ‘Yeel)
8|63 A81n-J9 “YeeI) 8|6e] Aeio) 1SOA-TJOM HO8ID UNWS-DNS ‘PEOY S|IIASUYOL-Y Ye8l) UoSIWer 1Se3-0rg Yool UOSIWEr-O Yeal) exaing ‘ON3J ‘Yesl) Jeag-0g Meel) [punbg -00S Yesl) lejdod-Od, SOIoN

Zzer
oveL
LvEL
e 6vEL
9geL
-G9EL GEL-G9EL
2961-49€1 £oes
9964
g6t
e
" 9e> o6et e6eL
2001 oovt
govt 60vt
ot T
sert szt v et 9zrt
eevt erL 2en
Lep 9ept
“€EPL 2EPL0PPL -
Lobh sobi Sopi
1591 L5t
savh sspt P e ssvL
espt sepl
v cont sovL gorL  savk  lovl 1991 sovl sovL
o o vt
(g8 isubt swwL swL s el s sl sl
(89 5£2-541>) ZWDS o06vL 06wl o6v1 1890 o6yl ssyl  lsyl 80 o6p
sévL
005k 005k 0054 00sk 005k 005k  00Sk  00SL  00St 00sk 005k  Z0Sk 00k  00S
¢5054 vosL  sosk  sost
st 8051 oist oist oSk WSk oisk
sist €ISl SISk SiSk SISk WSt SISk
0zst
szst
ogst eggst zes1
abe 099 H4dN M dd 20 OJS3IN IS aN IS 49 OSMN 243 o4 393 39 oM OIS =/ or3a ar o3 od JDS  Ods

*0¢ 9IS UO UMOYS dIE PUL JSEOYLIOU AU} 0} JSIMI)NOS Y} WO}
pagueLe o1e sUONEI0 "Juoy Je[nSar ul }oa1) Jejdod 18 OpIAIp oSeurel pouIIopun o1k sweans Suoje soSuryd JusIpeIS Jofe[A SOI[E)] Ul UMOYS SIILLIO) JUSIPLIS MO JOSUI PUE ‘SUEJ YSEMINO Jo speay ‘siisodop drejjop-[eIAn]y OJUT N0 SAYOUdq
[BUOISOID JO SUONEAS[H "P[Oq UI UMOYS d1e papeis (sure[d ej[op) S9ILLIS) YSEMINO YOIYM 0) S[OAS] ISEq JOULIOJ PUE SIUI[DIOYS INI-IABM JO SUONBAJ[H “AJ[[BA JMEYOJA PUNOIE SUONEOO] A[d1Nt Ul PUNOJ SAINJES) UI[OIOYS JO SUOTIBAJ[T "€ 9[qe],



280

Another flight of erosional benches is cut into fluvial-deltaic deposits west of Gray Eagle Creek.
These benches are associated with pebbles, cobbles, and fine boulders that sit upon the surface and are not
within the underlying section (e.g., site 273; Fig. 14C and site 90, Unit H; Fig. 19B). These gravelly
deposits are either lags or thin deposits (less than 1 m). Weak soils are developed into some of these
terraces. Many of these benches are also at elevations similar to others found elsewhere in Mohawk

Valley (Tables 3 and 4).
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Fluvial terraces. There are fill and strath terraces around Mohawk Valley that are at these same
common elevations. Two fluvial terraces adjacent to Willow Creek, at 1463 m and 1456 m, are inset into
the fluvial-deltaic deposits (Fig. 4B). The characteristics of the fluvial deposits are different than the
fluvial-deltaic section. These inset, broad, fluvial terraces are composed of loose, mica-rich, tangential
and tabular cross bedded sands and lesser fine pebbles. Other fill terraces that are inset into the deltaic
deposits are near Smith Creek (Site X; Figs. 7A and B) and near and overlying Mohawk Cliff (sites Y, Z,
and AA; Figs. SA and B). The latter fill terraces are low gradient (0.01 to 0.3) and slope from the south to
the north, towards but not along the more or less westward-flowing MFFR (sites Y, Z, and AA; Figs. 5A
and B). There are strath terraces at low elevations near Haskell Ravine at 1439 m, 1429 m, 1410 m, and
1406 m (Figs. 4A and B). East of Gray Eagle Creek there are more strath terraces cut into fluvial deltaic
deposits and till (Sites BB and CC; Figs. 5A and B), both at ~1432 m. Neither terrace is near a tributary

likely to have formed them.

DISCUSSION

Ice Marginal Deltas
Lenne (1995) and Lenne et al. (2001) describe marine-ice contact deltas in Norway that are

clearly of a much larger scale than any deltaic features found in Mohawk Valley. However, the
description of the geomorphology and sedimentary characteristics are similar to those found in Mohawk
Valley. These similarities suggest these are appropriate models for the geographic setting in Mohawk
Valley, where large outlet glaciers sourced from the Sierra Nevada ice cap were entering the long-lived
Mohawk Lake. Below we summarize the key concepts of the ice-contact delta model and summarize
three categories of glacio marine settings defined by Lenne (1995).

One end member, an ice-contact sub marine fan, is a totally subaqueous system that occurs when
ice extends all the way into the body of water (Fig. 21A). As a result there is no classic subaerial fan,

distributary river system, or delta-plain components and there are no topsets deposited. Instead there is a
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clastic wedge composed of well-bedded foreset and bottomset deposits. Because the sediment input from
the glaciers occurs along most of the ice margin, there is often a linear form that is normal to the sediment
input and not fan-shaped. The subaqueous deposits are formed by re-deposition of till, syndepositional
glaciotectonic deformation, and shedding of ice-rafted debris, but are dominated by gravity-flow deposits
that are steeper than deep sea turbidites and can slope up to 20 30°. The submarine fan is built below and
slightly above the glacier’s underwater grounding line and represents progradational accretion of glacier-
derived sediment deposited onto pre-existing topography. Meltwater plumes, sourced from the subglacial
outlet channels, deposit relatively rapidly and over a narrow zone (Lenne, 1995).

The transitional category is an ice-contact delta (Fig. 21B). This setting occurs when the sea-
level (or lake-level) is relatively lower, or the ice has advanced relatively less or retreated. This type of
system has a subaqueous wedge of coarse-grained sediments at the glacier front. The primary difference
from the previously described setting is that there are very short sub-aerial components that are the
topsets. This sub-aerial landform is composed of both well sorted outwash and poorly sorted or less well
sorted material from streams and the glaciers’ frontal till. The material is carried across a short plain to
the delta front and is reworked by shoreline processes. Gravitational processes transport material down
the steep delta slope and there is often, but not always, syndepositional glacio-tectonic deformation. In
this setting, there is less ice rafted debris (IRD), though there could be some from icebergs, and there is
less re-deposited till because a fluvial system is sorting the material. Buoyant meltwater plumes are
considered to be fairly wide resulting in deposition of suspended material over a wider zone than expected
in the previous model (Leonne, 1995).

The other end member to these categories is the glaciofluvial delta (Fig. 21C). In this setting,
sea-level (or lake-level) is relatively lower and/or the ice has retreated more. This results in a more
typical glacio-fluvial, Gilbert-type delta. In this system there is a well-developed sub-aerial fan, stream-
derived delta foresets re-deposited by gravitational processes, a lack of syndepositional glacio-tectonic
deformation, and a lack of ice-rafted debris. The buoyant meltwater plume is deposited across the entire

delta slope (Lenne, 1995).
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Ice-contact underwater fan

Primary Characteristics

41  does not have stream deposited topset or
iceberg delta plain facies

2 foreset beds of re-deposited glacial till and
outwash material

localized suspension fallout from bouyant
meltwater plume

4  glacio-tectonic deformation
bedrock or

deposits prior to

. 5  ice bergs and ice-rafted debris
delta deposltion

Ice-contact delta

Primary Characteristics
1 Stream deposited topset or delta plain facies
here, ‘truncated’ outwash terraces

foreset beds of re-deposited glacial till and
outwash material and stream-re-worked till

broader zone of suspension fallout from
bouyant meltwater plume

2

3

4  glacio-tectonic deformation
bedrock or 5 lack of ice-rafted debris
deposits prior to
delta deposltion

Glacio-fluvial delta

Primary Characteristics
1 Stream deposited topset or delta plain
facies

2  foreset beds of re-deposited outwash
material

3 broad zone of suspension fallout from
bouyant meltwater plume

4  glacio-tectonic deformation
lack of ice-rafted debris

bedrock or
deposits prior to
delta deposltion

Figure 21. Schematic diagram of three stages of ice-deltas, modified from Lenne (1995). A) Ice-contact underwater fan. When ice extends into
the lake there are no topsets and the delta deposits are dominated by re-worked till and outwash, including mudflows. B) Ice-contact delta.
When the ice is near the shoreline level there are short topsets in the form of sub-aerial fans. In Mohawk Valley the topsets are outwash terraces.
C) Glacio-fluvial delta. When the ice is relatively higher than the lake level there are larger fans and topsets. This is not common in the Mohawk
Valley setting.
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Evidence for Ice Marginal Deltas in Mohawk Valley

Two categories of ice-contact systems described by Lenne (1995) are well-represented in
Mohawk Valley. The ice-contact delta is probably the most common system, or at least the most
recognizable delta system, in Mohawk Valley. Short outwash terraces which grade to formerly higher
base levels were built from glacial moraines, extended basinward, and transition to finer-grained fluvial-
deltaic deposits. These terraces represent the short, proglacial, subaerial plain and are the sub-horizontal
topsets of glaciofluvial gravels, from the ice marginal delta. As the lake level rose these terraces were
submerged, demonstrated by the wavecut shorelines that are cut into moraine and outwash terrace
deposits, resulting in a subaqueous fan delta setting in Mohawk Valley. Therefore, the deltaic deposits
should be a combination of those that would be found in both settings. In the submarine fan model, the
fan is built below and slightly above the glacier’s underwater grounding line and represents
progradational accretion of glacier-derived sediment deposited onto pre-existing topography (Lenne,
1995). This is apparent in Mohawk Valley where fans were built from below to just above the basal
contact of the ice, and the fans were deposited onto the pre-existing slope.

In both the ice-contact and submarine fan delta systems, the subaqueaous deposits are similar. In
these systems, the foresets are turbidites and debris flow deposits that thin and fine basinward, changing
to bottomsets interbedded with suspension deposits from the meltwater plume that, in Lenne’s (1995)
model, are silty fine sand to mud. In the ice-contact delta setting the ice rafted debris is less common than
in the submarine setting. In Lonne’s (1995) model the re-deposited outwash material on the delta
foreslope can be massive, clast supported, coarse- to fine-grained, inversely graded, normally graded,
imbricated, composed of sand with scattered clasts with no grading or imbrication, or bimodal. The
gravitational facies can consist of massive diamictons, debris flow deposits, turbidites, traction deposits,
and can be composed of coarse material to muddy sand to sandy mud. The more distal facies are
composed of debris flows in a blue-ish or brown matrix that can be composed of clay to boulder sized

material.
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The facies described by Lenne et al. (2001) are similar in particle size and sedimentology to the
fluvial-deltaic deposits observed in Mohawk Valley. There are locations in the much larger Norwegian
glacial system where the deposits interpreted as the foreset toe are all sand sized and smaller, with minor
exceptions of few gravels and are composed of wavy, flaser, and cross beds, mud draped foresets, current
ripples, backsets, plane bed traction deposits, stratified sand in traction deposits, and contorted beds.
Within this package, beds dip from 10° to 18° in variable directions.

The deposits exposed along Gray Eagle Creek and west of Gray Eagle Creek appear to replicate
this depositional setting. The deposits west of Gray Eagle Creek may be the foresets of the system. In
this setting, west of Gray Eagle Creek, there are channel scours that are sometimes filled with
gravitational deposits (turbidites and debris flows) and may have some upslope-dipping cross-strata. They
can be more steeply dipping than sediments exposed along Gray Eagle Creek, at least in channels filled
with cross bedded sands that can dip >10°. These deposits are interbedded with sub-horizontal tractional
deposits (plane-beds), massive silty clay (suspension deposits), small channels, and debris flows. The
deposits exposed along the southeast side of Gray Eagle Creek are dominated by gently basinward
dipping (~4°), well sorted sands, silts and clays and lesser pebbles. Debris flow deposits, tractional
deposits (plane beds interpreted as turbidites), massive silty clay (suspension deposits), and current and
nearshore deposits (wave and/or current ripples) are common. Trough and tabular cross bedded sands,
wavy, flaser, lenticular, and contorted beds and mud drapes are also common. Debris flows were
recognized in Gray Eagle Creek but are much more common in Jamison Creek. The debris flow deposits
exposed in both creeks are commonly blue and brown in a muddy matrix with scattered clasts throughout,
but they are not as coarse as reported in the Lenne (1995) model. This difference is probably a function
of the overall smaller depositional system in Mohawk Valley. Perhaps the muddy outwash deposits that
were described as a middle member of the facies change from till to outwash in Jamison Creek are
actually debris flows that were deposited at a lower gradient than would be expected in a foreset setting of
a delta. Maybe in the Mohawk Valley setting these are more distal deposits and/or bottomsets at the toe

of the delta front.
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The foreset beds described in Lonne (1995) and Lonne et al. (2001) are not clearly present in
Mohawk Valley. There are only a few locations where the lacustrine or fluvial-deltaic beds are sloping
>4°, in what is interpreted as channel fill along the western exposures west of Gray Eagle Creek and at
site 67 along Gray Eagle Creek (Unit F; Fig. 15B) where outwash and sands are more steeply dipping
basin-ward and are eroding into, and depositing onto, the underlying, more gently dipping deposits. The
apparent lack of foresets may suggest that the majority of the exposed deposits were bottomsets of the
glacial-delta system from ice that was mostly deposited farther up-valley. Most of these underlie
intermediate-aged glacial deposits and are older than the moraines associated with the well-developed ice-
contact delta at about 1500 m and probably at MIS 6 time. Perhaps the majority, or at least some, of ice
advances prior to this time did not extend as far down valley. However, Menzies (2002) describes similar
characteristics to those in Mohawk Valley as typical of an ice-contact delta in a glacio lacustrine setting.
In low energy settings there are commonly shallowly dipping foresets (5-15°) composed of sand and silt
and the distal deltas are composed of sand to clay (Menzies, 2002). These fine-grained deltas with low
angle foresets are found in the distal part of the ice-contact deltas or where the delta is physically
separated from ice by an outwash stream (Menzies, 2002), and are deposited when current activity is low.
The Gilbert-type glaciofluvial delta is a system we have not recognized in Mohawk Valley though it
seems reasonable that this end member had to have existed when the glaciers retreated even if the lake
level did not drop. It may be that any fans built at this time were inset into the canyons, topographically
higher than lake level, and they were just not preserved and/or there is such poor exposure of these
deposits that they are not yet recognized. When the ice retreated, as it certainly did during the many
interglacials that occurred between 740 ka and 26 ka, there had to have been streams similar to those that
exist today and they may well have created deltaic fans at their mouths and extended into the lake. We
suggest these landforms and subaerial deposits were likely reworked during subsequent glacial advances
and the underwater portion of any deltas deposited within the lake may be present and probably not
distinguished by this study as distinctly different in character. The demise of Mohawk Lake and the

incremental lowering may have encouraged re-working and eroding of any deposits within the canyons
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and preservation was likely poor. Changes in particle size, stratigraphy, and organic matter content likely
record climatic changes in the lacustrine deposits (discussed below).

Lonne (1995) describes a series of erosional, emergent terraces that result from relative sea-level
lowering or regression of the ice that are similar to features described by Postma and Cruickshank (1988),
Corner et al. (1990), and summarized in Postma (1995). In this model, when the relative sea-level lowers,
river entrenchment forms a delta platform leaving a back edge scarp. The deposit on this inset, fluvially-
cut, delta-shoreface platform is generally a gravelly channel lag but can have beach or deltaic deposits as
well. These terraces are described as partly fluvial and partly wave-dominated on an emergent delta plain
overlain by 1 to 3 m of sandy gravels on an erosional surface with a gravel lag at its base (Corner et al.,
1990). We have observed similar features in Mohawk Valley and have referred to them as inset fluvial-
deltaic terraces (Figs. 14B and 15B). Along with typical shoreline features, the fluvial-deltaic terraces

document lake-level lowering in Mohawk Valley.

Mohawk Lake or Mohawk Meadow?

The initial interpretation of the Mohawk Lake Beds by Turner (1891) was based on the fine-
grained nature of the sediments and their position within the valley bottom. These interpretations were
supported by Mathieson (1981) who worked with Durrell (1966, 1967, 1987). These workers inferred the
former existence of Mohawk Lake from benches at similar elevations around the basin, the presence of
dropstones in some of the fine-grained deposits, the common elevation of the top of the fluvial-deltaic
sediments around the basin, and the lack of end moraines many of the mapped moraine complexes from
which they interpreted that the glaciers must have extended into a lake. Subsequent workers focused on
the sedimentology and stratigraphy of the Mohawk Lake Beds, in particular the organic-rich section at the
Mohawk Cliff. These subsequent studies documented mostly continuous sedimentation from >630 ka
through near MIS 6 time that included deposition of many organic-rich beds, which were interpreted as
lignite and peat (Davis, J.O., unpublished data, 1990; Yount et al., 1993; Yount, 1995; Yount, personal

communication, 2007; Sarna-Wojcicki, pers. comm., 2008). Based on this interpretation of peat and
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lignite, they inferred that these beds must have been deposited in a shallow, marshy setting. In addition,
diatoms that indicated a shallow lacustrine setting were identified (J. Platt-Bradbury, written comm. to J.
Yount, 1992). From these observations, the Mohawk Lake Beds were reinterpreted to reflect a long
period of aggradation in a fluctuating shallow water depositional setting that varied from marsh, shallow
lacustrine, and braided rivers settings (Yount et al., 1993; Yount, 1995). They interpreted that some
change, perhaps increased rates of faulting in the MVFZ increased the gradient of the valley and initiated
incision that subsequently exposed all of these sediments. In this model, there was not a large lake and
the elevation differences of the tephra beds throughout Mohawk Valley would be in part due to the
depositional setting and position in the landscape and in part due to subsequent subsidence and faulting.
Based on this current study, we have interpreted that the preponderance of geomorphic and
stratigraphic observations all suggest Mohawk Lake was both long-lived and deep. However, that
interpretation requires an explanation of how organic-rich deposits could have been deposited in a deep
water setting. While Mohawk Lake was certainly shallow as it began to fill, the lake eventually became
much deeper, up to ~215 m deep. Based on our model, in the Mohawk Cliff exposure, three tephra beds
that were deposited onto organic-rich sediments are interpreted to have been deposited in from 32 to 93 m
of water (Figs. 16 and 17). In Gray Eagle Creek, the Rockland Ash, at site 65, was deposited onto a
massive silty clay that, based on the dark color, could be organic-rich, and we propose that this occurred
in > 41 m of water. Two tephras (EMB and MV-66-C13) were found in nearshore sediments in Jamison
Creek. The same two tephras found ~ 33 m lower in Gray Eagle Creek and therefore were probably
deposited in > 33 m of water. In the Gray Eagle Creek setting the tephra beds were both deposited onto
laminated, organic-rich, silty to sandy clay. Below, we present some possible explanations for the
organic-rich deposits along with our argument that preponderance of evidence points to a lacustrine

interpretation.
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Mohawk Lake - a Periodically Meromictic Lake

Causes of Meromixis

Meromictic lakes represent a relatively rare type of sedimentary environment where laminated
and organic-rich deposits accumulate in an anoxic, deep lake. In meromictic lakes, the water column
does not mix vertically on an annual cycle, which leads to anaerobic conditions in the bottom of the lake
where organic matter can be preserved because there is no decomposition. Lakes can be completely
meromictic where they never mix in modern conditions, partially meromictic where they mix
periodically, caused by unusual conditions, or they can mix every few years (Anderson et al., 1985).
There have not been a large number of studies that focused on meromictic lakes. Some studies have
merely tried to identify where they are because of the recognition that the lack of mixing is likely to
preserve varves, a valuable tool when examining paleoclimate and sedimentary records (Anderson et al.,
1985; Hakala, 2004). Studies designed to systematically examine where meromictic lakes exist and
develop models to predict where they might be found concluded the causes of meromixis is too complex
to predict in that way (Hakala, 2004). Many of these circumstances could have been present in Mohawk
Valley.

There are many different circumstances, external or internal to the lake, that can cause a lake to
become permanently stratified (meromictic) (e.g. Hakala, 2004). The morphometry of the lake and the
lake basin was identified as the most important criterion by Anderson et al. (1985). Meromictic lakes can
be large or very small ponds, but the common morphometry is that they are deep relative to their surface
area (Anderson et al., 1985). A small surface area relative to a deep lake reduces the effective wind stress
on the lake surface, which is the primary driver of mixing and circulation (Anderson et al., 1985). Other
circumstances that could lessen effective wind stress and increase the likelihood of meromictic conditions
are areas with dense forests and those sheltered by topography. The morphometry of Mohawk Lake, the
surrounding dense forests, and the sheltered topography all favor developing meromictic conditions.

Mohawk Lake was ~20.5 km long, on average Skm wide, and at its maximum lake level (~215 m deep)
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had an area of roughly 100 km®. Meromictic conditions can result when water is denser in the lower part
of the water column due to colder temperatures or to a relatively greater amount of dissolved solids,
therefore relatively higher salinity. Similar conditions occur in a ice-contact lakes, which are sediment
stratified because of dense, cold, sediment laden, hyperpycnal flows entering the lake (Menzies, 2002).
Mohawk Lake was an ice-contact lake for at least part of its history (discussed previously). The greater
density prevents mixing that is driven by wind (Anderson et al., 1985).

Other settings that encourage meromictic conditions occur when nutrients released by organisms
from the upper to the lower part of the water column are not returned to the water surface by mixing, a
lake becomes unproductive (oligotrophic). In this setting decomposition of organic material that had been
input into a lake can cause a depletion of oxygen (Boehrer and Schultze, 2008). This results in anaerobic
conditions of a meromictic lake that eventually preserves organic material (Boehrer and Schultze, 2008).
Tephra deposition into lakes has been shown to disturb the lake chemistry leading to oligotrophic
conditions (Telford et al., 2004) (discussed further below). At least 25 different tephras were deposited
into Mohawk Lake throughout its history, some with deposits up to ~ 2 m thick (Chapter 1).

Causes of destratification also vary. For example, flooding can input new water into the lake that
is not too stratified to resist the next potential wind mixing event (Anderson et al., 1985). High loads of
suspended material transported by rivers to a lake can increase the bulk density of the water by increasing
the mass from the solids input. Both processes can lead to mixing and therefore put an end to the
meromictic conditions (Boehrer and Schultze, 2008). Conversely, a decrease in solids can stop the
process that initiated mixing and possibly contribute to a meromictic state (Boehrer and Schultze, 2008)
and this might occur as water becomes locked up as ice entering a glacial cycle and there is less water to

move solids into a lake.

Sedimentary Characteristics of Meromictic Lakes
Meromictic lakes have some diagnostic sedimentary characteristics. Anoxic conditions preclude

bioturbation, which increases preservation of organic matter (Meyers and Lallier-Vergés, 1999). Because
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there are no benthic burrowing animals in anoxic conditions, laminae are preserved in the lake bottom
deposits (Anderson et al., 1985). In addition to laminations and organic matter, authigenic carbonate is a
common diagnostic feature of meromictic lakes (Boehrer and Schultze, 2008). We observed the
sedimentary signatures of meromictic lakes in Mohawk Lake deposits. The primary sedimentary
evidence is the organic-rich beds themselves. There is a lot of variation in the organic deposits in the
Mohawk Lake sedimentary record. We have not undertaken a systematic characterization of these
deposits and the only measured organic content data come from the previous U.S. Geological Survey
studies shared with us for the Mohawk Cliff section. However, we do have general descriptions as a part
of our stratigraphic studies and we have observed different types of dark colored (presumed to be organic-
rich) deposits in different parts of the Mohawk Basin.

On the valley floor, in the Blairsden area, there are massive, dense, black silty clay deposits that
are <10 cm thick (Fig. 11B). On the southwestern side of the valley, in Jamison Creek there are massive,
dense, dark-colored sandy to silty clay deposits 20 to 50 cm thick. We have interpreted these fine-
grained, dark colored deposits as likely sapropel, or gyttja. These type of deposits are an aquatic ooze or
sludge that can have TOC values >50%, are amorphous or very fine grained, and can originate from algal
or bacterial elements or decomposition of land and aquatic plants (Schnurrenberger et al., 2003). The
character of the organic-rich sediments in Gray Eagle Creek is different and those deposits are not
interpreted as sapropel. They are low density, fissile, dark-colored deposits, interpreted as organic-rich,
composed of interlaminated dark and light silty clay laminae. At site 66, these deposits are interbedded
with tephra and diatom beds as well (Fig. 15D). The organic-rich deposits in the Mohawk Cliff section
are similar low density, fissile, dark-colored deposits, and were initially interpreted as peat or lignite.
These Mohawk Cliff deposits are also interlaminated dark and light silty clays.

In addition to organic-rich sediments, there are commonly preserved laminated silty clay deposits
in Mohawk Cliff and exposed along Jamison and Gray Eagle creeks, a key indicator of meromictic
conditions showing a lack of benthic organisms due to anoxic conditions. There are also some carbonate-

rich beds in all of these locations, another indicator of meromictic conditions. In many locations there are
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interbedded massive, laminated, and organic rich deposits. The interbedded deposits are found in
Mohawk CIliff, exposed along Jamison and Gray Eagle creeks, and in the valley bottom near Blairsden.
Massive deposits often indicate deep water sedimentation in an oxidized environment, where benthic
organisms do exist and are mixing sediment and destroying laminations. Therefore, massive deposits
indicate a lack of meromictic conditions. We suggest that this interbedded stratigraphy reflects a
periodically meromictic lake.

Our data from Mohawk Cliffs is from loss on ignition (LOI) analyses, a proxy for organic matter
content. Many lake studies report organic matter content in terms of the % of organic carbon. There are
estimates that typical organic matter contains about 50% of total organic carbon (TOC) (Meyers and
Lallier-Vergés, 1999). We use that estimate to generally compare our data with those of other studies.

LOI values from the Mohawk Cliff section range from 0 to 100%, with the more common values
between 20 to 60% (Fig. 13A). These values may equal total organic carbon (TOC) values of 0 to 50%,
with more common values between 10 and 30%. TOC values of 10 -20% in deep lakes are not
uncommon in lakes that have seasonal or permanent anoxic bottoms (Demaison and Moore, 1980; Talbot,
1986). There have been measurements of TOC that are up to 17% in meromictic laminated sediments
(Talbot and Kelts, 1986; Corella et al., 2011). Black sapropels and organic-rich, marly muds that may be
laminated have been found deposited in anoxic deep water with TOC values that can exceed 10%
(Johnson, 1984). Lake Bosumtwi in Ghana is clearly in a much different environment, but similar in size
to Mohawk Lake. Lake Bosumtwi had an area of 64 km” and a maximum depth of 78 m and has TOC
values from about 2 to >20% and TOC values recorded up to 22% in sapropel (Meyers and Lallier-
Verges, 1999). The highest values of TOC that we have come across are from a much smaller kettle lake
in Michigan named Austin Lake. The TOC values vary from about 12 to >40% and average 30%. The
high TOC values are interpreted to be from plant production within the lake (Meyers and Lallier-Verges,
1999). Mohawk Valley organic content is mostly in the range of those observed values, but it is on the
high side. The 100% (TOC 50%) Mohawk Valley LOI values are much higher than most documented

TOC values.
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One reason that high TOC content generally correlates to shallow water is that organic matter
decomposes as it sinks. Because of the shorter sinking times, there is generally more organic matter in
shallow water (Meyers and Lallier-Vergés, 1999). Therefore once material sinks to the lake bottom in
deep lakes, the TOC content is typically low to begin with and decomposition continues after deposition.
For example, in Lake Michigan only 6% of the original organic matter and 15% of the TOC reaches the
lake floor 100 m below. Mohawk Lake may have been about that deep for much of its history, eventually
becoming about twice that deep. In order to preserve this amount of organic matter sinking through a
deep Mohawk Lake there must have been unusual conditions in this lake environment. The good
preservation of the organic rich zones in Mohawk Lake suggests quick burial and maybe quick sinking

times.

Tephra and Organic-Rich Deposits

We have observed that the organic rich zones are associated with both tephra and diatom beds. It
is not clear if the tephra beds are simply better preserved when deposited interbedded with organic-rich
zones or if the tephra beds may somehow allow the organic material to either sink rapidly and/or
decompose more slowly and somehow encourage preservation of the organic material. There have been
some studies that suggest that deposition of tephra into lakes does change the sedimentation, chemistry of
the water, and diatom assemblages. For example, studies show that in a landslide-dammed lake in the
Skagit River watershed in Washington State, the deposition of tephra into the lake changed physical
sedimentation processes including higher turbidity, altered acidity, reduced light penetration, and rapid
sedimentation (Reidel et al., 2001). This study showed that organic material interbedded within clay
indicates the lake was thermally stratified before the Mazama tephra was deposited (Reidel et al., 2001).
Because this tephra was in part deposited as turbidity currents, the lake may have been stratified when the
tephra was deposited as well. Tephras have quick sinking times in lacustrine environments (Telford et al,
2004). Fine sand-sized tephras may have settling rates of about 40 m/hr (Julien, 1995 in Telford et al.,

2004). In addition, tephra deposition can increase diatom concentrations and can even change dominant
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diatom assemblages. A thick tephra deposit can create an impermeable barrier over the lake bottom
sediment and this can prevent bioturbation (Telford et al., 2004) which could preserve buried organic
matter. This physical barrier affects water chemistry by lowering the input of phosphorous into the water
column and increasing in the eventual available silica from the tephra deposit (Telford et al., 2004). The
effects of tephra on diatom assemblages and water chemistry may last for several decades and if the
tephra bed is thick, perhaps for several millennia (Telford et al., 2004). Tephra effects on the nutrient
cycles are also possible (Telford et al., 2004) and it is plausible that these changes may lead to a change in
balance of a lake in such a way that the stratification may be increased or decreased. Although the
specifics of how the tephras may affect deposition or preservation of the organic-rich deposits remain

unclear, there is some evidence that suggests there is a relation.

History of Mohawk Lake

Mohawk Valley before Mohawk Lake

The distribution of fine-grained deposits common in Mohawk Valley and the underlying geologic
units suggest that prior to the filling of Mohawk Lake, the valley bottom may have been similar to
modern elevations and that there was probably a through-flowing river system at that time. There are
many locations where the lacustrine section was deposited onto bedrock (Fig. 3A). We interpret that
relation to suggest that prior to this deposition these areas had been in eroding environments and
deposition was occurring topographically below. Many of the basal contacts of the fluvial-deltaic section
onto bedrock are near the valley floor. This is important because if the valley had been a closed basin,
there should have been ongoing deposition on the valley floor. One of these locations is below site 192
(Fig. 11A), where the fluvial-deltaic deposits were deposited onto bedrock not far above the modern
MFFR. This basal contact with bedrock climbs above the modern valley floor to the east and appears to

fill in valleys or swales (Figs. 3A and 11A). The fluvial-deltaic deposits at the confluence of Willow and
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Betterton Creeks were also deposited onto swales in bedrock (Fig. 9B) and in both areas the base of the
fluvial-deltaic deposits are older than 600 ka.

Stratigraphy exposed at site 133 may be better evidence for a previously open basin (Fig. 7A). At
this location the fluvial-deltaic fine-grained deposits overlie a coarse-grained landslide deposit (Figs. 12A
and C). The upper 1 m is better sorted, with finer material apparently winnowed out, and we have
interpreted this upper meter to have been re-worked by a fluvial system. The overlying fluvial deltaic
section contains many tephra beds, including the Thermal Canyon tephra bed; therefore, the burial of the
landslide deposits occurred prior to 740 ka (Figs. 12B and C). This buried deposit is very weathered
based on the weathering of the clasts and soil development into the deposit. These deposits are inset into
Layman Canyon, as are the westernmost fine-grained deposits that were located just downstream, at site
312 (Fig. 3A). Atsite 312, the fine-grained deposits are at least 630 ka and are inset within Layman
Canyon just upstream of the former western sill of Mohawk Lake (Fig. 7A). We interpret the presence of
the fine-grained deposits inset within Layman Canyon, and only found from the position of the western
sill and to the east, sitting upon weathered, fluvially-re-worked deposits and on bedrock near the modern
basin floor to suggest that a basin existed in Mohawk Valley prior to 740 ka and that there was most
likely a through-going proto MFFR prior to when Mohawk Lake filled. There are major landslide
complexes on the eastern side of Layman Canyon, both up and downstream from this sill, but none of
them are likely to have been large enough to dam a pre-existing canyon to high elevations or for the
length of time that Mohawk Lake existed. The largest landslide we see is ~1.5 km x 1.2 km and side
scarps suggest it may be up to 20 m deep and may have a volume of roughly up to 0.03 km®. These
landslides, however, may be responsible for temporary damming of this canyon, forming short-lived lakes
in the lower parts of Mohawk Valley. At least one trace of the MVFZ cuts through this canyon and these
deposits. At this time we do not know if the canyon was closed by faulting on the MVFZ or a larger-

scale landslide than we have recognized.
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Fluvial Systems in Northeastern Mohawk Valley

The well-developed, low-gradient streams and floodplains above abrupt changes in stream
gradients (knickpoints) at the location where thick deltaic sediments were deposited are interpreted as
evidence for Mohawk Lake. The upstream reaches of these streams were graded to a long-lived stable
base level, most likely controlled by Mohawk Lake. The tephras deposited within deltaic gravels support
the geomorphic evidence that this was a long-lived stable base-level and give a time frame for this
stability of about 500 ky. At these knickpoints, the relatively steeper downstream reaches of these
streams are now steep knickzones migrating upstream since the lowering and draining of Mohawk Lake.
Based on mapping of remnant fluvial gravels, there is evidence that the mouth of the paleo MFFR
migrated in the past. We think it is likely that the different elevations of knickpoints along Willow and
Betterton creeks and the MFFR probably reflect the elevation of Mohawk Lake at the point in time the
paleo MFFR was entering Mohawk Lake through each channel. If this is true, these elevations likely
reflect some of the longer lived lakestands. Based on the tephra beds found at the ‘paleo mouth’ of
Willow Creek, this was likely the mouth of the MFFR until after 175-235 ka and probably until Mohawk
Lake reached ~ 1490 m. The modern day MFFR river channel has a thinner package of sediments
deposited or preserved adjacent to it and is at a lower elevation. This may reflect a lakestand at 1465 m
after Mohawk began to lower. The Betterton Creek stream profile grades to an even lower level, 1430 m.
There are no fluvial deltaic deposits well-preserved above this elevation. It may be that the former mouth
of the MFFR, or a separate smaller stream, subsequently entered Mohawk Lake though Betterton Creek

and may have eroded any fluvial deltaic deposits that may have been higher in the channel.

Minimum Lake Levels Determined from Waterlain Tephra Beds

The geomorphic surfaces constructed by Mohawk Lake shoreline processes are only preserved at
the highest shoreline levels and during the recession of the lake. For this reason, the earlier lake history,
as the lake began to rise, is best reconstructed using the elevation of the waterlain tephra beds within the

valley. These waterlain tephra beds only provide a minimum lake level, without an indication of water
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depth in most cases. Even so, the numerical constraints from the tephra beds and the associated
elevations do provide information of the minimum lake levels though the early part of the lake history and
perhaps some information on changes in water depth and rates of filling through time.

The oldest tephra in Mohawk Lake sediments, the Thermal Canyon ash (740 ka) was found in
two locations. The highest elevation of the Thermal Canyon Ash found so far in Mohawk Valley is at
1357 m, just a few meters above the base of the fluvial-deltaic section in that location (Site 133). This
provides a minimum elevation of 1357 m and minimum depth of ~ 47 m for Mohawk Lake at that time
(Fig. 22). The next younger tephra beds deposited into Mohawk Lake sediments were the Lava Creek B
(~630 ka) and the Dibukelewe (>~630 ka and <570-610 ka), both estimated to be >1354 m. This suggests
the lake level may not have changed dramatically through this time interval. The Rockland ash (~600 ka)
was also found at site 133 at 1368-1363 m. It was also found in eleven other locations, the highest of
which was at site 90 at about 1424 m, providing a much deeper minimum lake level (~114 m) for ~600
ka. The elevations of the tephra beds suggest that lake level may have risen more quickly after deposition
of the Dibukelewe ash and Lava Creek B tephra beds, and prior to deposition of the Rockland Ash (Fig.
21). The East McKay Butte tephra bed (480-610 ka) was also deposited in two locations, the highest in
Jamison Creek at about 1426 m. This provides another minimum lake level and shows the rate of the
rising lake slowed after deposition of the Rockland, as this is only ~2 m higher and up to 100 ky younger
(Fig. 22). The much younger Summer Lake LL tephra bed (175-235 ka) was deposited at least at 1436 m
(~126 m deep), only about 12 m higher in the intervening ~400 ky (Fig. 21).

A similar history is suggested by the sedimentation rates in the Mohawk CIliff exposure. In the
Mohawk CIiff site, the sedimentation rate from the deposition of the Lava Creek B Ash until deposition
of the Rockland Ash, is ~0.35 mm/yr (Fig. 13). The sedimentation rate from the Rockland Ash to the
younger Summer Lake KK (170-230 ka), is an order of magnitude slower, about 0.035 mm/yr (Fig. 13).
A similar rate was found in the Willow Creek section; the deposition of the Rockland Ash to the Summer
Lake LL (175-235 ka) was about 0.05 to 0.07 mm/yr (Fig. 9A). We interpret the higher sedimentation

rate prior to deposition of the Rockland may reflect a lower lake level. After the Rockland was deposited,
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the lake level rose and sedimentation slowed as did the rate of filling of the lake. In the Willow Creek
section (Fig. 9A) there are ~9 m of sediments that overlie the Summer Lake LL tephra bed, and therefore
the top of the indurated section in that area is ~1445 m (Fig. 9A). This gives a maximum age for the top
of the indurated fluvial-deltaic deposits (1445 m) of 175-235 ka.

The fluctuations that most certainly had to happen as a response to climate changes throughout
the life of Mohawk Lake are probably recorded in the sedimentary record primarily expressed as weak
paleosols and unconformities. The fluvial sedimentary features and weak paleosols are mostly, and
maybe entirely, stratigraphically below the Rockland Ash. In the Mohawk Cliff exposures, these features
are only below the Lava Creek B ash (630 ka). This relation suggests that the fluctuations in the early
part of the lake record may have been greater, or the smaller and shallower lake may have had a greater
response to climate changes, than after Mohawk Lake became deeper. In the upper part of the
stratigraphic section, above the Rockland Ash, there are unconformities that could possibly be mapped
and correlated among some sites in Mohawk Valley. More work could be done to document the timing

and amplitude of any climatically driven lake-level changes.

The Mohawk Lake Geomorphic Record

After deposition of the Summer Lake tephra beds, the lake record is primarily interpreted from
geomorphology, with much less numerical age control, but with better documentation of the shoreline
elevations. Above 1445 m there are shore features and deposits that record the lake-level history (Fig.
22). Much of this record is interpreted from interaction of glacial deposits with shore features and also
using fluvial-deltaic deposits from tributaries. Our interpretation is that there are shore features at
common elevations fringing Mohawk Valley. These elevations are mostly consistent around the basin
margin. Variations in elevation are likely the result of different types of shore features built by the lake
and may sometimes represent slightly above, at, or slightly below the average water level. We see shore
features preserved at 1525 m, 1520 m, 1515 m, 1511-1508 m, 1505 m, 1500 m, 1495 m, 1490-1487 m,

1475 m, 1470 m, 1465 m, and 1455 m (Figs. 22 and 23; Tables 3 and 4).
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Multiple generations of glacial deposits extend towards Mohawk Valley. Most of the widespread
delta platform/ outwash terraces grade to 1487 or 1500 m. However, on the eastern side of Frazier Creek
there is one location where a lower delta plain terrace grades to 1475 m. This is also the only location
where relatively older (Qmil) glacial advances extended down to these elevations. This lower terrace
appears to be associated with, and probably was constructed at the same time as, this relatively older
generation of till. Higher shorelines were deposited onto this surface and therefore this is the only
preserved shore feature we have recognized that was constructed as lake level rose.

The common intermediate-aged glacial advance (Qmi and Qmi2) is well associated with shore
features from 1487 m to those higher than 1500 m. In Jamison and Gray Eagle creeks it is clear these
deposits overlie tephras that are 480-610 ka (Chapter 3). This relation provides a maximum age for those
intermediate-aged glacial deposits, but they are probably younger than that. The basal contact of the
intermediate-aged glacial deposits overlying the fluvial-deltaic deposits is within a fairly specific and
common elevation range all along the southern end of Mohawk Valley, constrained from multiple
locations as higher than 1435 m and up to 1463 m. A common elevation of the top of the fluvial-deltaic
deposits around the basin is at or near 1445 m. The Summer Lake LL tephra bed was found at 1436 m
and is within a fluvial-deltaic package of sediments that extends up to 1445 m. We have interpreted that
this tephra bed was deposited in nearshore sediments and provides a minimum lake-level at that time and
its elevation appears to be consistent basin-wide. We extrapolate that this maximum age can be applied
basin-wide as well and suggest the intermediate-aged glacial deposits are also most likely younger than
175-235 ka.

Cross-cutting relations show that after deposition of Unit Qmi2, Mohawk Lake filled to the level
of the sills and began spilling to the west. Two possible sill locations, both low points on the downstream
end of the lake, have elevation ranges of about 1525 m to about 1500 m. The MFFR now flows through
Mohawk Valley and westward through Layman Canyon, which is the primary sill and outlet channel of
the former Mohawk Lake, first identified by Mathieson (1981). At the sill location, the canyon is now 1.2

km wide, 175 m deep, and ~6 km long. On the southwestern rim, a sloping terrace has a back edge scarp
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cut into bedrock at ~1515 m that grades to 1500 m (Figs. 7A and B). These are the same elevations as the
highest well-developed shorelines located in Mohawk Valley. These benches probably represent
shoreface terraces of Mohawk Lake and fluvial terraces along the outlet channel near the sill of the former
Mohawk Lake.

To the south there is a second low sill at about ~1520 m at the headwaters of Poplar Creek. As
proposed by Mathieson (1981) and Durrell (1966; 1987), this stream may have carried some overflow
from Mohawk Lake at times. However, the shoreline features at 1525 to 1520 m are less clear than
shorelines at 1510 m and lower, suggesting that if the lake did reach 1520 to 1525 m, it did not stay at that
level for long. Durrell (1987) suggested that ice may have advanced towards that southern outlet causing
arise in lake level and allowing overflow and incision to occur to the north, where the MFFR now
exposes faulted, volcaniclastic, and easily erodable bedrock (Unit Tbp of Grose et al., 2000). We did not
find clear evidence for this, but it is a possibility.

Mathieson (1981) suggested that instead of, or in addition to, the elevated lake levels that Durrell
proposed (1966, 1987), there was probably either headward migration of the MFFR that ultimately
undermined the sill and pirated Mohawk Lake or there was sub-surface piping through bedrock in
Layman Canyon that undermined and caused failure of the sill. Whatever the cause, Mathieson (1981)
interpreted a catastrophic failure of the sill based on downstream deposits he interpreted were composed
of reworked lacustrine deposits. We did not find deposits we would interpret as reflecting a catastrophic
depositional event and do not agree with the catastrophic interpretation because of the history we see in
the lowering of the base level. We do not think that the lowering of Mohawk Lake was triggered by
headward migration of the MFFR or sub-surface piping through the bedrock because the fluvial-deltaic
deposits were deposited on both bedrock and basin-fill, and are inset within Layman Canyon. This
topographic position of the fluvial-deltaic deposits suggests to us that prior to their deposition Mohawk

Valley was likely an open-basin.
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The Fall of Mohawk Lake

Mohawk Lake’s incrementally lowering is documented by erosional benches and a series of inset
outwash fans, alluvial fans, and fluvial deposit at common elevations around Mohawk Valleys. Common
elevations of distinct inset shorelines are 1505 m, 1500 m, 1487-1490 m, 1475 m, 1466 m, 1460 m, and
1455 m (Fig. 22; Tables 3-4). The most distinct terraces and wave-cut benches are at 1500 m, 1490 m,
and 1475 m, likely reflecting a longer period of time that the lake remained at these elevations (Fig. 22).

The lower shore features are primarily delta rim terraces, most distinct along Frazier Creek,
Johnsville and Portola roads, and on either side of Gray Eagle Creek. These features also have common
1451 m, ~1430 m, 1425 m and maybe others (Tables 3 and 4). The E1 tephra was identified within inset
lacustrine sediments and underlying one of the inset Gray Eagle Creek outwash terraces. This location
(site 284) provided a minimum elevation for Mohawk Lake (1388 m high and ~78 m deep) at 26 ka (Fig.
11D), which shows a lake still existed at that time with a minimum elevation of 1388 m and supports the
interpretation that the higher terraces were probably formed as the lake lowered.

The inset terraces show that the base level lowering was incremental and the common elevations
suggest a regional mechanism for base level lowering that most likely was the lowering of Mohawk Lake.
Inset outwash and alluvial fans track this lowering base level that ultimately grades to the floodplain of
the MFFR. The inset alluvial fans are distinguished from outwash fans by their geomorphic position and
more weakly developed soils. The alluvial fan deposits do not share common elevations among drainages
and are interpreted to be responding to incision and/or base level changes that are controlled by their
source drainage and not a regional lake-level. Soil development in the alluvial fans sourced from Frazier
and Gray Eagle Creeks is similar to that on the preserved 7 to 4 ka terraces and suggests that by 7 ka the

base level had reached 2 m above the modern MFFR (Fig. 22).
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Hydrologic Connection between Mohawk and Sierra Valleys

Sierra Valley is now the headwaters of the MFFR (Fig. 1B). At one time Sierra Valley contained
Lake Beckwourth which at times probably overflowed to the east, not west into Mohawk Valley, and
therefore was intermittently hydrologically connected with Lake Lahontan and the Great Basin (Ramelli
et al., 1999) (Fig. 1B). The timing and cause of the change from this eastward overflow of Lake
Beckwourth to the current configuration with the westward flowing MFFR is unclear. Connections
between Mohawk Lake and Lake Beckwourth have been proposed (Ramelli et al., 1999). The highest
possible shoreline features we have recognized as formed by Mohawk Lake are at 1525 m, lower than the
highstand shorelines identified from Lake Beckwourth. The highest lagged gravels in Sierra Valley (1585
m) are interpreted as poorly preserved shoreline remnants. Younger (?) shorelines that still retain
preserved geomorphology have been recognized at 1550 m (Ramelli et al., 1999). We do not think the
two valleys were a continuous lake at the times when the high Lake Beckwourth shorelines were formed.
However, we do think there is evidence for fluvial connections between the two valleys and that the
integration of Sierra Valley into the MFFR is responsible for one of the two periods of increased filling of
Mohawk Lake.

We infer there was a long-lived fluvial connection between Mohawk and Sierra valleys based on
the geomorphology of the streams and associated floodplains between the two valleys and the fluvial-
deltaic sediments deposited as they entered Mohawk Valley. The broad, low-gradient floodplain in
Humbug Valley (Fig. 1C) extends from the western edge of Sierra Valley, along the MFFR and part of
Willow Creek, and is graded to former Mohawk Lake levels. Willow and Betterton Creeks and the
MFFR terraces are graded to different elevations and we suspect these levels all represent the primary
river channel from the MFFR entering into Mohawk Lake which avulsed throughout its history. Tephra
beds within the fluvial-deltaic deposits where these streams entered Mohawk Lake show that the lake was

relatively stable and rose about 10 m from ~600 ka through 175-235 ka. As Mohawk Lake filled, there
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were two time periods when the rate of filling greatly increased. One was just prior to deposition of the
Rockland Ash, ~ 600 ka, the other was after the deposition of the Summer Lake LL tephra bed, ~175-235
ka (Fig. 2). We suggest that integration of Sierra Valley with Mohawk Valley was the cause of one of
these two increases in the rate of lake level rise. Because the shorelines in Sierra Valley are still
preserved, we prefer the interpretation that this integration occurred after 175-235 ka, because good
preservation of shoreline barriers, such as those preserved in Sierra Valley at 1550 m, for 600 kyr is not
likely. In the Great Basin preservation of geomorphology of shorelines may persist for a few hundreds of

thousands of years at most (e.g. Reheis et al., 2002; Kurth et al., 2011).

Neotectonic Implications from Mohawk Lake Stratigraphy and History

The long term faulting history of the MVFZ suggests that at one time there was a significant
vertical component to the faulting. There have been several studies of the long-term deformation in the
Mohawk Valley area and the entire Feather River drainage (Durrell, 1966; Saucedo and Wagner, 1992;
Page and Sawyer, 1992; Sawyer and Page, 1993; Grose et al., 2000; Wakabayashi and Sawyer, 2000 and
2001). Page and Sawyer (1992) reported that there has been 600 to1,200 m of down-to-the-east vertical
separation since deposition of the late Miocene to early Pliocene Mehrten Formation across the western
traces of the Mohawk Valley Fault zone. Wakabayashi and Sawyer (2000) report the long-term average
vertical separation rate using the displaced Mehrten Formation is about 0.1 to 0.24 mm/yr on the Mohawk
Valley faults, even though they interpret that this fault system probably has a dominant right-slip
component. Wakabayashi and Sawyer (2001) estimate that in the Feather River drainage there has been
950 m of incision in the past 5 Ma from which they calculate incision rates that range from 0.17 to 0.19
mm/yr that they suggest reflects uplift rates in the region. They report that the 16 Ma Lovejoy basalt and
the 5 Ma Mehrten Formation are offset vertically from 600 to 1000 m across Mohawk Valley faults in the
Feather River drainage and they are offset by the same amount, suggesting all this vertical displacement

occurred after deposition of the Mehrten Formation.
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Recent geodetic studies suggest that, within the last five years of observations, extension
(therefore vertical displacement) has not been detected (Kreemer and Hammond, 2008; Kreemer et al.,
2009; Bormann et al., 2012; Bormann, 2013). Geodetic model results from a transect across the MVFZ
suggest the dextral slip rates are 2.3+ 0.3 mm/yr and the extensional rates are not significantly different
than zero (Hammond and Thatcher, 2007), suggesting no vertical separation may be occurring across the
MVFZ. Similar results were found by a campaign style geodetic study by Kreemer and Hammond (2008)
across the MVFZ who estimated a strike-slip rate of 2.7+ 0.2 mm/yr and a normal slip rate of zero, or
within the margin of error. Kreemer et al. (2009) show that faults in the Mohawk Valley vicinity are
optimally oriented to accommodate right lateral motion, and not extension. Continuing geodetic studies
in the region suggest that there is ~ 3 to 5 mm/yr of dextral motion within the region including the
Mohawk, Grizzly, and Honey Lake fault systems (Fig. 1B). Block models developed from these studies
permit interpretations ranging from 2.2 + 0.2 to 1.6 + 0.2 mm/yr may be accommodated on the MVFZ
(Bormann et al., 2012; Bormann , 2013).

Based on our interpretation of Mohawk Lake history, we do not recognize significant vertical
offset of the lacustrine features across Mohawk Valley in the past 175-235 ka. Shore features that we
interpret as spanning the time from < 175-235 ka to < 26 ka correlate by elevation across the MVFZ
(Table 3; Fig. 23). We acknowledge that we do not have precise age control on some shore features and it
is possible that we are not correlating correctly at all shoreline levels. However, many of the shorelines
do correlate well by elevation. In particular, and most convincing, is the correlation of the two most
distinct shorelines at 1487 m and 1500 m that are commonly found all around Mohawk Valley and on all
sides of the MVFZ. In addition, the top of the fluvial-deltaic sediments are at the same elevation around
Mohawk Valley as are many of the delta rim features, including inset erosional benches, terraces, and
outwash deposits. Moreover, the many exposures of minor faults in the basin are almost all near vertical
and northwest-striking and in many places show changes in facies or bedding thickness across faults and
form relatively wide zones, all characteristics of strike-slip faults in this region. For these reasons, we

favor the interpretation that there has not been significant vertical displacement since about 175-235 ka.
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There is the possibility that there was ongoing subsidence (vertical displacement) during
the early part of the Mohawk Lake history. Weak paleosols and fluvial sedimentary features
below the Rockland Ash (~600 ka) have been interpreted as evidence for fluctuations in lake
levels in what was a relatively shallower lake that may have been more responsive to climatic
changes. Before deposition of the Rockland Ash, there is also evidence for a relatively quick rise
in lake level. It may be that this lake level rise was in part also the lowering of the basin through
subsidence. We do not have evidence for subsidence throughout this time period, but we also do
not have evidence that would rule subsidence out.

We do not see evidence for subsidence after the Summer Lake LL tephra bed was
deposited 175-235 ka, as we already discussed. There is also no evidence for subsidence between
600 ka and 175-235 ka. There are two locations where both the Rockland Ash (~600 ka) and the
Summer Lake LL (175-235 ka) tephra bed were deposited within the same stratigraphic section.
One location is in the Mohawk Cliff, on the floor of Mohawk Valley (Fig. 13A). The other
location is much higher, on the northeastern part of Mohawk Valley within the Willow Creek
section (Fig. 9A). The difference in elevation between both the Rockland and the Summer Lake
tephra beds from those two sites is the same, 93 m. The elevation control of both tephra beds
within the Willow Creek section is not precise and it is possible that the difference in elevation of
the two tephras may not be exactly the same, but they are at least very similar. Because of this
similarity in elevation differences, we infer that if there had been subsidence throughout this time,
the majority would have occurred post-deposition of the Summer Lake LL tephra bed. If the
elevation difference were a result of subsidence that was ongoing since 600 ka, than the Rockland
Ash should have a greater vertical separation in the two locations than the tephra ~400 ka
younger than it. Because the similarity in shoreline elevations across Mohawk Valley show there
was not a vertical component since 175-235 ka, we infer that there probably not subsidence since

~ 600 ka either.
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Our interpretation is that subsidence within Mohawk Valley occurred after the Pliocene
Lovejoy Basalt and Mehrten Formations were deposited, as documented by Wakabayashi and
Sawyer (2000). We interpret that there has only been strike-slip motion along the MVFZ after
deposition of all or most of the Mohawk Lake beds, since 175-235 ka and likely since 600 ka.
This may be a similar history to what was observed in the nearby North Fork of the Feather River
where Wakabayashi and Sawyer (2000) have data suggesting incision rates increased from the
Pliocene to the early Quaternary. They proposed this increase could reflect either an increase in
uplift rates or tilting of the Sierra Nevada block. However, they also document a decrease in
incision rates, that relate to slowing uplift rates, in the past ~600 ky. They also suggest that the
majority of the faulting on the major Sierra frontal faults near the northern Feather River canyon
probably occurred post ~600 ka. Because the Honey Lake Fault system was active post 10 Ma
and therefore had been active before the Feather River area, they suggest this means that the
western margin of the northern Walker Lane stepped 50 km to the west at this time.

Our interpretations also support the geodetic data (Kreemer and Hammond, 2008;
Kreemer et al., 2009; Bormann et al., 2012; Bormann , 2013) and suggest that the lack of vertical
offset may indicate a longer trend than that. Perhaps after an initial period of rifting or
subsidence that resulted in the basin documented by vertically offset Lovejoy basalt and Mehrten
Formation (Page and Sawyer, 1992; Wakabayashi and Sawyer, 2000 and 2001), there was a
change in the tectonic style to pure strike-slip. This change may be evidence for the northward
propagation of the Northern Walker Lane proposed by Faulds and Henry (2008). The youth of
this fault system appears to be reflected in the discontinuous fault strands and the distributed
nature of the faults.

Two sub-parallel faults within the Mohawk fault system that have different geomorphic
characteristics are proposed to reflect different styles of faulting (Sawyer et al., 1993 and 1995).

The faulting has been interpreted to be partitioned between an apparently less active normal fault
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to the south and parallel, relatively more active strike-slip faults to the north (Sawyer, 2005).
This pattern of distributed slip along parallel faults that are both active is repeated elsewhere in
the Walker Lane (Wesnousky and Jones, 1994). We did not map the area of the proposed normal
fault system on the steep rangefront of the Sierra Nevada in any detail in most locations and that
area is outside of the coverage of LIDAR imagery at this time. There are lineaments that cross
that glaciated terrain and could be part of a normal fault system. We found one exposure, in
Jamison Creek where Quaternary glacial till is faulted along a vertical fault against bedrock on
the south (Site 58; Fig. 16; Chapter 2). This could suggest a strong normal component and could
be the distributed vertical displacement on the southernmost fault zone as suggested by Sawyer et
al. (1993). However, this fault is near vertical and has facies changes across vertical small faults
and fractures within the fault zone, characteristics common to strike-slip faults. We suggest if it
has a normal component, it is probably oblique (Chapter 2).

The long-term history of the MVFZ is not well understood. The modern geodetic rates
(e.g. Bormann et al., 2012; Bormann, 2013) and history of repeated earthquakes in the recent past
(e.g. Sawyer et al., 2013) both suggest that the fault system is active with relatively fast slip rates.
However, the fault traces are mostly short, subtle, and discontinuous; characteristics that are
atypical of a fault system with fast slip rates. The apparent discrepancy may be because the
MVFZ is a widely distributed zone of faulting but also because a long-term Quaternary faulting
record would not be well preserved in a geologic setting such as Mohawk Valley. Mohawk Lake
existed in the valley for hundreds of thousands of years and only after ~ 26 ka did the lake level
lower below the basin margins and expose the basin-floor. Most of the deposits with distinct
geomorphology useful to interpreting recent faulting are probably latest Pleistocene to Holocene
in age, the majority of which are ~7 ka or younger. The older Quaternary deposits that interact
with the MVFZ are deltaic and did not have defined geomorphic surfaces when they were

deposited. Furthermore, fault scarps would probably not be well preserved in the deltaic fine-
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grained sediments. More work is continuing on the MVFZ by R. Gold of the U.S. Geological

Survey (Gold et al., 2013).

CONCLUSIONS

Prior to 740 ka the proto MFFR most likely was flowing through a proto Mohawk Valley
that looked much as we see it today. A change in the downstream Layman Canyon blocked
westward flow of the MFFR and Mohawk Valley began to fill and formed Mohawk Lake. The
early part of the Mohawk Lake record is documented by waterlain tephras that provide ages for
minimum lake-levels and show a long-lived history of an overall rising lake with changes in rates
of filling through time. By 740 ka, Mohawk Lake had a minimum lake level of ~1357 m (~47 m
deep). Lake level rose to at least ~1363 m during the next ~150 ky, and may have risen at a faster
rate until the Rockland Ash was deposited ~600 ka at 1424 m (114 m deep). The rising of the
lake then slowed and rose as much as 2 m, to 1426 m, in the next 100 ky or less. In the following
several hundred thousand years the rate of filling decreased even more as Mohawk Lake only
rose another 12 m or so, to ~1436 m (116 m deep), by the time the Summer Lake LL tephra bed
was deposited (175-235 ka).

After that time, intermediate-aged glacial deposits extended into the lake depositing delta
platforms and other shore features. These deposits allow the interpretation of the lake level
record from the elevation of shore features and relative ages, no longer constrained only by
minimum lake levels provided by waterlain tephras, but with less age control. Mohawk Lake
rose at a greatly increased rate, another 74 to 89 m, until it ultimately reached a highstand
elevation of 1525 m (~215 m deep) and began to spill to the west. This is an increased rate of
filling since 175-235 ka, an even greater increase in the rate of filling than prior to deposition of

the Rockland Ash, and might be related to integration with the upstream Sierra Valley.
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At its highstand, Mohawk Lake was relatively small in area (~100 km®) and deep (~215
m). Our interpretation is that Mohawk Lake fluctuated, yet overall rose from MIS 18 through at
least MIS 7 or 6. The many shallow channels (1 to 2 m deep) cut into the fluvial-deltaic section
and at least one distinct unconformity overlying the 175-235 ka-tephra bed in Willow Creek (Site
5; Figs. 9A and C) and along Portola Road (Site 4C; Fig. 19A) show there were lake-level
fluctuations. However, we infer from the similar aggradational sections all around Mohawk
Valley that while Mohawk Lake must have fluctuated in response to climate changes, this signal
was muted by the overall deepening of a newly closed basin from 740 ka to 175-235 ka.

Our interpretation of a long-lived deep lake in Mohawk Valley requires a mechanism to
allow for deposition of organic-rich deposits in deep water. We have proposed that Mohawk
Lake was periodically meromictic. The morphometry (small surface area and deep) and
surrounding topography and vegetation discourages wind-driven mixing and pre-disposes
Mohawk Valley to be susceptible to meromictic conditions. We suggest that the resulting anoxic
conditions allowed for preservation of organic material and laminated sediments found in
Mohawk Lake sediments. In addition, we propose that deposition of the 25 tephras into Mohawk
Lake could have affected the deposition and/or preservation of the organic-rich sediments.

Terraces along the Layman Canyon outlet between 1525 and 1500 m show overflow
began to the west once the lake reached these levels. Inset shore features, delta rim terraces, and
glacial outwash terraces show a history of incremental lowering to at least 1388 m related to slow
incision of the downstream sill. Soil development into a flight of inset outwash deposits suggests
the Mohawk Lake lowered relatively quickly from 1451 m through at least 1388 m. This incision
of the sill and lowering of Mohawk Lake began after 175-235 ka and before 26 ka (Chapter 3).
The E1 tephra (~26 ka) was deposited at 1388 m into a smaller lake and is overlain by outwash.
By this time, the lake had lowered more than 137 m from its highstand. The Tsoyawata tephra

was found within fluvial terraces only 2 m above the modern MFFR (J. Yount personal
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communication, 2009), showing the lake was gone and had reached the modern MFFR level by
~7 ka.

Based on mapping of the shoreline features, we do not recognize a vertical component to
the faulting across the majority of MVFZ since 175-235 ka and probably since 570-610 ka. This
indicates a change from the long term history of subsidence since the Miocene and Pliocene
(Page and Sawyer, 1992; Wakabayshi and Sawyer, 2000 and 2001). This may be the time of a
westward jump of the northernmost Walker Lane (Wakabayashi and Sawyer, 2000; Faulds and
Henry, 2008) and appears to coincide with decreases in incision observed in the North Fork of the
Feather River at about 600 ka (Wakabayashi and Sawyer, 2000).

This study of the geomorphology, sedimentology, and stratigraphy of Mohawk Valley
has documented the dynamic history of an intermontane valley that transitioned from a fluvial
valley, to a closed basin, and back to a fluvial valley in 740 ka. This basin history will help with
interpreting the Quaternary histories of the hydrologically connected regions both up- and
downstream. In addition, recognition of these lake deposits and the mostly continuous record of
sedimentation for ~740 ky has enormous potential to provide data about paleoclimate in this area
from studies of pollen, vegetation from organic-rich deposits, isotopic records, and any of a
number of other paleoclimate proxies. The abundant age control and connectivity of Mohawk
Valley makes the Quaternary history important for a full understanding of Quaternary
stratigraphy, paleoclimate, and neotectonics along this transect of Northern California and

western Nevada.
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probably more dramatic fluctuations as evidenced by weakly developed paleosols in that lower
part of the lake section. More mapping and study of the lake deposits may provide some idea of
the scale of fluctuations in lake level and response to climate changes in this region throughout

the mid to late Pleistocene.





