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REPLY

Is There Any Evidence of Mega-Lake Manly in the Eastern Mojave
Desert during Oxygen Isotope Stage 5e/67?

| am pleased to have the opportunity to defend and clariffle implication that Ku's dates are more reliable than those «
my hypothesis regarding the extent of the Blackwelder standldboke and Lively (see Hooke and Dorn, 1992) is debatabl
Lake Manly during marine oxygen isotope stage 6 (OS6). Lgiven that both use the-counting technique and thus may suffer
me start by addressing a couple of general points. from problems with U migration.

F'r,St’ with reference to the pej.oranve prefix ‘mega N Enzgl Salt Spring Hills shoreline. Enzelet al. maintain that this
et al’s comment, let me put the size of the lake under dlscussmH L . . . .
. . . Shoreline is cut into colluvium and, at its southeastern end, in
in perspective. If water were to fill Death Valley to the 90-m

level today, the surface area would-b&600 kn? (Meek, 1997), alluvial fan deposits. | agree with the former. On the other han

whereas the area Hale proposed, based on overflow at sh B2 P08 & TR AEECTERE S e T BT
pass, would have been8000 knf (Hale, 1985). The surface PP P ‘

: alluvial fan at its southeastern end. Even if further study show
area of the OS6 lake proposed in my paper 2300 _krﬁ’, Iess_ that it is, however, Enzett al's statements about the age of

% fan unit are misleading (1) because they are based on da
aped stratigraphy at Silver Lake (McFaddetral., 1989), which
&% ~30 km south of the shoreline in guestion, and (2) becau:

90-m lake would have were it to occupy the valley today.
Secondly, an issue that enters into this discussion in a cou
of places is the interpretation of deposits of pale brown to p cFadderet al’s (1989) age estimate israinimumage.

ﬁrien r:nl\J/\(/jnrtiSttlrr]r? cr)]n alluk\]/ 'gl subiftra:es;. thu%tital. (1r?n95)r th Enzelet al. note that clasts on the shoreline bench are “unva
ave sho atmany such deposits are refated to springs rapief o (see Hooke, 1999, Fig. 1c). Clasts on the bench itself a

than lakes. This greatly complicates delineation of the limits g . i
pluvial lakes in these arid basins, including not only Lake Manla1S0 typically pebble-sized, whereas coarser clasts character

but also the putative Lake Dumont discussed by Anderson an((ja t_)each face down slqpe from the b ench. The latter are w
varnished. Lack of varnish on the bench itself may be cons

Wells (1996, 1997). Indeed, most of the paleoenvironmental in&ence of Holocene slope processes. of the finer arain size z
dicators in the sediments ascribed to Lake Dumont are indicatﬁ/ PeD ! 9

of “spring-supported wetlands,” not lakes (Anderson and We"re‘?eatsehc:)rlglti:rr]eeak:); e?hgotjtget}icg “VtZitethTg(’)r?tr,, of reoccupation
1997, Table 2). The sole evidence for a lake is the presence of ythep :

. espite being advised in writing to the contrary, Enziedl.
?féracgdgj ar;:_:lohna cagdtatm o?e dszlazmpletdateqt?t about 18'0.0%Iso misrepresent my interpretation of the relation between th
i i’r A dw Ic we:js\llc Tlrpre el ( otr(_as erwri tin C?mTun'Cr%horeline and the silts that lie slightly below and lakeward fron
lon to Anderson and Wells) as lacustrine given the stratigraphyc, clearly reference (p. 329) the OS2C dates obtained by

gggtsexlf'8\;}2\?;2”?;83;2&2?;;?irz tsh'fi:]hrsuifgg Zoﬂ:ger:;so,&lﬁderson and Wells (1997) from the silts, but the context make
- L prings, PNNG Nas ious that | think the shoreline may well have been cu
sufficient flow, and in streams (R. Forester, Written communica-

. . ._earlier, during OS6. This shoreline appears to me to be too we
tion, May 2001). For example, such springs could have exist gveloped to have been cut solely by a shallow and short-live

4 . .
at 18,000" C yr BP but if the gap presently cutting througf}JSZ lake. if one ever existed.
the Salt Spring Hills were present then, the springs would haveEnzeIet al. state that | “offer no new data . to refute the
fed a stream through the hills, not a lake. Anderson and We, ’ .

| H H H ” H H H
(1997) suggested that cutting of the gap postdates 1840y Ila%est F_'Ielst_ocene age for _th|s shc_)r_ell_ne. This is also incorrec
) . . . | describe five other sites in the vicinity that are at roughly the
B.P., but their only evidence for this appears to be this presence : - .
. ) same elevation, that have characteristics suggestive of lacustr
of C. caudatain the sediments.

- L iti h [ have f intheir Lake D
Let me now respond to the remaining points in Erate!’s conditions, and that could not have formed in their Lake Dumon

comment in the order presented therein. Saddle Peak Hills. This short paragraph again misrepresent
the facts. As just noted, | described five sites in this area, on

Age. ltis not clear why Enzedt al.included this section, as(fjt&/v|0 of which were originally described by Butler and Mount,

we appear to agree on the age. However, the implication th
ignored Kuet al’s (1998) U/Th dates is not correct; | referenced Silver Lake shorelines. These shorelines are not relevant.
Lowensteiret al. (1999) on which Ku is a coauthor. Moreover,They are known to be younger than OS6 (Ore and Warren, 197
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Soda Lake core. We basically agree on the probable ageminently possible, these clay beds would be, at least appro;
of the uppermost-35 m of sediment in Soda Lake, althoughmately, of OS6 age. It is not clear, however, how this stratigre
Enzelet al’s reference to “numerous™C dates between 9330phy is related to that in a different part of the basin described &
and 20,323“C yr B.P. is seriously misleading, as none of thesduessiget al. (1957) and discussed in my paper (p. 332).
dates is from Soda Lake. Enzel et al. conclude that “only a late Pleistocene lake

Enzelet al’s reference to 19 cores and 13 boreholes drilled imccupied the Silver/Soda basin.” With respect to Soda Lake al
the Silver/Soda Lake playas since the Muessi@g.(1957) pub- taken literally, this seems na, considering that there are more
lication is also both erroneous and misleading. First, Brown atltan 670 m of sediment in the basin (Brown and Rosen, 199
Rosen (1995), citing Wellst al. (1989) as the source for theirp. 288).
information, state that these numbers include the five cores de-
scribed by Muessigt al., so only 14 cores postdate the Muessig Mesquite Spring. Bassett and Muessig’s (1957) abstract be
et al.publication. Secondly, at least 13 of the remaining 14 corgins with the words “Topographic benches, green sediment
are from Silver Lake (Wellst al., 1989, p. 75) and are thereforeand sand ridges. . are interpreted as features of a Pleistocen
irrelevant to the present discussion. Thirdly, of the holes dikke.” Although they did query “wave-cut” and “green lacus-
cussed by Wellgt al. (1989, p. 112) drilled in Soda Lake usingtrine” later in the abstract, as Enzstlal. note, their conclusion
rotary techniques, none appear to have exceeded 50 m, and rawes not seem “reluctant.” With reference to Thompson'’s (192
of the cores from Silver Lake appears to have exceed#@m discussion of Mesquite Spring, | could not find a description ir
in depth or to have penetrated into pre-OS2 sediments. Thiiss book of the sediments | described.
these cores contain no evidence for or against the presence of alis noted, the possibility that many fine-grained deposits ai
OS6 lake in Soda Lake basin. related to springs rather than lakes (Quatal., 1995) compli-

On the other hand, well logs published by Burnham (1958ates the situation. However, | am not aware of any instanci
provide support for a significant lake in the Soda Lake basiniatwhich horizontal benches or gravel clinoforms dipping up tc
roughly OS6 time. Awell (well number 11/8-7X3) near Crucerd?8 lakeward have been genetically associated with such spril
~5 km northeast of the Mesquite Spring shoreline locality, pedeposits. Even if the silts at the Salt Spring Hills and at Mesquiit
etrated “bluish clay” between 46 and 87 m. In a second welpring are spring deposits, the benches and, in the latter locali
(11/8-10-1),~4 km east of Crucero, “clay” was encounteredhe gravel foresets remain as evidence for a deep lake.
between 44 and 84 m. A third well, at Baker, went through “clay Enzelet al.state that the benches at Mesquite Spring are “nc
(lake bed)” between 45 and 99 m. While these descriptions lagithin a continuous line of sight of each other” so it is “difficult
detall, the bluish color, the parenthetical addition “lake bed,”. to follow Hooke’s arguments in the field by leveling or to
and the thicknesses of the units are suggestive of perennialdbminate alternative interpretations.” Using a level to establis
custrine conditions. These clay beds are all well below the O8lative elevations of features that are out of sight of one anoth
lake sediments described by Wedlsal.(1989). In the Death Val- is pretty elementary.
ley core, Lowensteirt al. (1999) encountered OS6 perennial For the benefit of Enzedt al. and of others who have not
lake sediments below 128 m. If the sedimentation rate at thds®d the opportunity to visit the Mesquite Spring locality, | an
sites in Soda Lake is-one third that in Death Valley, as seemsncluding a stereo pair of aerial photographs of it (Fig. 1).

FIG. 1. Stereo aerial photographs of the Mesquite Spring shoreline locality. Arrows point to shorelines. Feature that appears to be a road is the madt
abandoned Tonapah and Tidewater Railroad. North is to top. (USDA photographs AXL-7K-10,11 dated 11-10-52).
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Tectonic warping. There are two errors in Enzetal’s dis- graphic control. Where such fluctuations are muted for a peric
cussion. (1) My model calls for 250 m of relative vertical disef years, a shoreline may develop. In such situations, one wou
placement between Mesquite Spring and Shoreline Butte, mapect the best developed shorelines to form at intermedic
290 m as stated by Enzed al. (2) The Black Mountains are not levels reflecting the average climate, not at the highest level re
composed of Quaternary rocks. resenting an extreme climate. However, in Death Valley the be

Refering to the shorelines on the Black Mountains and ateveloped Blackwelder stand strandline, by far, is the highe
Shoreline Butte, Enzelt al.appear to be confused by the notiorone at 90 m. It seems unlikely, at least to me, that a bench
of relative motion. In relative motion, Shoreline Butte, the Blackrominent as the 90-m shoreline on Shoreline Butte and Mormc
Mountains, and the floor of Death Valley can be sinking relatiieoint could be cut by a lake that was not controlled topograpl
to Mesquite Springandthe floor of the valley can be sinkingically, particularly when that bench is the highest in a serie
relative to Shoreline Butte and the Black Mountains. consisting of much less well-developed strandlines.

Enzelet al. mention the lack of fault scarps and the dominance ¢osing statement. | believe that (1) the leveling data from
of strike slip motion as evidence against warping, citing Bull anfie 552 silver and Soda Lake shorelines and (2) the lack of a
McFadden (1977) in support of this argument. This suggests tagly environmental control for my model are the only points
they misunderstand the temrarping A dictionary definition of - it in Enzelet al’s comment. The former concern is far from
warping is “to twist or bend_out of a flat plane.” There is N%atal, and | fully acknowledged the latter.
connotation of rupture (faulting). Indeed, Bull and McFadden Stephen Wells and his students have done some outstand

(1977, p. 117) stated explicitly that their analysis cannot deteﬁ?atigraphic work on OS2 lakes in the Mojave. Perhaps in tt
broad warping. future they will turn their attention to older lakes, for which the

Where warping of the crust takes place, it is probably driveQ,,oseq stratigraphic evidence is far less abundant. If they
largely by vertical flow in the asthenosphere. Differential vegg \vith an open mind, we are sure to be rewarded with fasc

tical movement, driven by such astheospheric flow and at rajgging insights into this tantilizingly enigmatic period of pluvial
comparable to those I've hypothesized for the Mojave (HOOkﬁi'story.

1999, Fig. 4c), is occurring today, without faulting, in Sweden
(Milne et al,, 2001) and along the east coast of the United States
(Davis and Mitrovica, 1996). In the Mojave, horizontal move- ACKNOWLEDGMENTS
ments in the asthenosphere and lithospheric mantle are probably
responsible for stretching the crust, leading to the listric faulting' 2™ indebted to R. M. Forester and N. Meek for providing material used
. h eparation of this reply.
responsible for the Basin and Range topography. It would be
strange, indeed, if these deep horizontal movements were not
accompanied by some vertical movement. REFERENCES
With regard to the leveling data cited by Enmtlal, let us
recognize that it is probably not possible to identify the watéincludes only added references not cited by Enzedt al]
level on an ancient beach to withial m. Thus, their data sug- Burnham, W. L. (1955). Data on water wells in Coyote, Cronise, Soda, and Silv
gest that there has been less than this amount of deformation H;lke Valleys, Sgn Bernardino County, California. United States Geologic:
the last~10,000 yrs. Over 40 km, my model predictsarerage Sl_”vey Open-File _Rep_ort’ 48 pp. o o
of ~4 m of deformation in this time period. While it is CertainlyDaV|s, J. L., and MltrOV|ca, J. X. (1996). Glacial isostatic adjustment an
: . . . the anomalous tide gauge record of eastern North AmenNedLire 379,
possible that my model is wrong, itis also possible that the defoz31_333.
mation has been nonuniformin space, time, or both. (My mod@boke, R. LeB., and Dom, R. 1. (1992). Segmentation of alluvial fans in Deat
incidentally, includes nonuniformity in space; see Hooke, 1999 valley, California: New insights from surface exposure dating and laborator
Fig. 4c.) Thus, this lack of observable defomation in the lastmodeling.Earth Surface Processes and Landfort@s557-574.

10,000 yrs does not invalidate my hypothesis_ Lowenstein, T. K., Li, J., Brown, C., Roberts, S. M., Ku, T.-L., Luo, S., and
] - ) Yang, W. (1999). 200 k.y. paleoclimate record from Death Valley salt core
How is the lake surface stabilized?My argument here is,  Geology27,3-6.

once again, both misrepresented and misunderstood. | did Afe, G. A., Davis, J. L., Mitrovica, J. X., Scherneck, H.-G., Johansson, J. M.
say that “sills must have been presenpteventexpansion of  Vermeer, M., and Koivula, H. (2001). Space-geodetic constraints on glaci
the lake.” On the contrary, | argued that lakes may be stabilizedsostatic adjustment in Fennoscanaience291,2381-238S.
by topography whictallows significant expansion with only a Ore, H. T., and Warren, C. N. (1971). Late Pleistocene-Early Holocene ge
small increase in level. This topography may be in the form Ofmorphic history of Lake Mojave, Californi&eological Society of America

. f ) . . Bulletin 82,2553-2562.
a sill separating the lake from a (shallow) basin without a lake

or with a lake that is lower than the sill level (Hooke, 1999, Roger LeB. Hooke
pp. 328, 334), or it may involve gentle topographic slopes along Denartment of Geolodical Sci
. epartment of Geological sciences
the shoreline (HOOke’ 1999, p. 335)' L and Institute for Quaternary Studies
Weather patterns vary from year to year, resulting in changes University of Maine, Orono, ME 04469-5790

in levels of lakes that have no outlet or other stabilizing topo- E-mail: rhooke@acadia.net
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