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Glacial and Periglacial Deposits of the Mono Creek
Recesses, west-central Sierra Nevada, California:

Measurement of Age-dependent Properties of the Deposits

The Recesses of Mono Creek consist of five north to northwest trending valleys,
25 to 4% miles (4.2 to 7.5 kilometers) long, connecting cirques on the north
side of Mono Divide with the west-south-west flowing Mono Creek (Figure I-1).
We will be examining glacial deposits, originally described and mapped by Birman
(1964) as products of post-Altithermal glaciation, in the Fourth and Third Recesses.
Our fieldwork in this area took place during the summers of 1973 and 1976,
with the intent of finding out how well relative-age techniques, as used on Neoglacial
deposits in the Rocky Mountains (Benedict 1967, 1968; Birkeland, 1973; Carroll, 1974)
would work-in a Sierra Nevada region. Thus, the main theme of this day's discussion
will be relative dating of cirque deposits in the Fourth and Third Recesses, with
particular emphasis on the kinds of measurements made and the relative-age groupings

of deposits that can be interpreted from the data.

Relative Dating Methods

We are looking for age-dependent properties of Neoglacial deposits which
will vary sufficiently over the past 10,000 yvears of Holocene time to be detectable
by simple measurement or estimate. Such properties can be grouped into three
catagories: those involving growth of vegetation on the deposits; those reflecting
weathering of clasts at the surface of the deposit; and those indicating progressive
degradation of the deposit's form. Table I-1 summarizes the properties and
specific measurements which will be discussed during the traverse of Fourth and

Third Recess.



x._.EH YT
7t
iﬁuuu
S IWw
L 1 |.-
' ! :
. N
.
Y
Zon_om ax

\ {

) __

( 4
pl j _

.m % 2
—.
¥ o
x 9%
B 9
]
vy
0y o'
i
)
s R » :
_ ¥

(z-I °2T9eL UT PelST] SOTIT[BOO] 03 I9jel siaquny)

(1-1 2an3Td

S988909Y OUOK ¥yl JO del xXopul



ATuo SaufteIol

saaidap ¢
poooxa sadols aureiow [RISTp pue
Tewixoad 219ym sjutod usamiaq Yapiy

SYIPTIM 3893]) =
| =
sia1o0e|d 2
Y201 uo selBuB JUOlj fsaureiou uo =2
sa|due adoys TEISTIp pur TEBUTIXO14 sadorg 8
s
Jo7o2 *sianjxa]
¢Us 03 yzdap ‘quauwdoTanap af1joag Siajeweied TT0S
uorlepixo Juryoe|
@50yl 03 (Bururels UO1T) UOTIEPIXO
aA0Qe SE aweg adejans Juimoys SISEBTD JO OfIEY PRZTPIXO-UON/PaZ2TPTIX0
S3ISETD @oeyans jrsodap e
a1ow 10 ()¢ JO ATTe31 Sujuuni deay S31SETD palayleam 03 YsaiJ jo OFIBY paiayjesp /ysaiyg
(77
Buraayieam o3 anp pec
pedaeyua st jurol jwyj @0ejIns 5
aA0qe SE suwEs jvoapaq 1o 3seTo moTaq yidag yadaqg jujor M
aoejans o
aA0qQe SE JWES ISETD 8A0QE qouy JO Japyay sqouy j}d0ipag o
o
W
I103BUTWTIDSTP @oeJans jooapaq g
[njasn ]souwl anJEA WNUTXEW 10 JSBTD 3a0qE [P JO JIIT[ay JOTT2Y @y1d 2311dy m
*19A9M0Y ‘I93BwWelp uorsnyouy £q m
pelfwyy ‘Injesn 3sow JyYy3rey wnuIXey aoejans
*sad£3 DJsSTeJ pue O[Jew Y3joq 2IANSEdY ISBTD 2A0¢E UOTSNTIUT JO JIFT9Y Jydtey uofsnyouy m
JjuawaiInseaw
4P3337d jJusdaad 103 s3iseld aiow Io s37d
05 3uno)y *sjujol proay -safeisae aaey 3BY] S3seTD Jo adejussiad
ueyy Tniasn aiow yjdep 37d wnwixey pue s3td Burasyjesm jo yjdaqg s3Td 3urasyjesap
a1qrssod s a0BjANS JSEBIO
03] Tewiou ATIB3U SB painseaul
S2u03S 210w 10 uajl jo a23eisae as() putra Butisyjesm Jo SSaUYOITY] sputry Zutieyieapm
Blpuni Aq paian0d 80BJANS
OTJjeal 3J003J JO SEaIB PIOAY punoid 3ISETOBIJUT JO JuadIag IaA0) EIpUNY <
Q
§19A00 juadiad suayaTT 1B 4q =
WnWIXew pue a8eiase pioday PRi9A0D EDIE 2U0JIS JO JuadIaf 19A0) ULYDT] 5
-
(=]
=

uojleuTwIIOSTp ade 1oJ
I2j2WETp a¥eiaae ueyl [njasn
210w I9jaWeTp wnujujw jsadieT

Jusunoy)

SNITEY] JO I2]DWETP WNWIUTH

painseay J1eUM

siajaueieg 23y aATIR[aY [-1 2IqEL

s193aWef( usyoy]

adqy



No mention is made of the well-documented techniques of dendrochronology
because most of the glacial deposits in the upper portions of the Recesses lie
above tree line. Lichens are measured along their minimum width, in order to guard
against measurlng two 1ntergrown thalli as one specimen. Various species of the

1{\{“ e gt =/ b locke _] = L Green v 4 &5 AW W Lre “&&’ Bnsi
genus R 1zocarpon a few species of the genus Lecanora, and the sPec1es Acarospora /euf
34 ; £ }rruL
chlorthana ﬁ;ve slow enough growth rates in thlsfgeélon to be useful as dating tools.’ .
Good examples of the application of lichenometry to dating of Holocene glacial
deposits in the western United States may be found in Benedict (1967), Curry
(1969, 1971), and Miller (1969).

Weathering properties which involve relief of some sort (pits, knobs,
inclusions, joints, dikes) on clasts or bedrock surfaces are determined by measuring
the distance normal to the clast or bedrock surface, that intersects the horizontal
projection of the maximum relief element for any feature. The criteria for
classifying a clast as "weathered" rather than "fresh'" are presence of grain relief
of more than one-half a grain diameter on more than one-half of the clast surface
and rough, jagged facet intersections where clasts are derived from well-jointed
sourcerock.

Soil description includes thickness, textural estimate , and moist color
of discernable horizons in the field, supplemented by dry color, pH, texture,

and percent organic matter from laboratory analysis of representative samples

from each horizon.

Glacial Deposits in the Fourth and Third

Recesses: Thursday August 23, 1979

Leaving the outlet of Fourth Recess Lake, find a fisherman's trail on the
west side of the lake, and ascend steeply to about the 10,800 foot elevation.

Contour to the south into Fourth Recess to:
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Stop 1 (vicinity of Locality 1, Figure I-2)

From this point to Snow Lakes, we will be crossing an erratic littered
bedrock pavement which provide$a good area to examine rock weathering features.
The bedrock is "typically coarse grained, strongly porphyritic quartz monzonite
containing minor hornblende and sphene" (Lockwood and Lyqon, 1975). As indicated
in Table I-2 (Localities 1 and 8), we find numerous weathering pits, knobs,
inclusions in relief, and weathered joints in this region. This degree of weathering
appears typical of post-late Wisconsin weathering that we have observed in other
places in the western United States.

Proceed south toward Snow Lakes, recording your observatioms on the data
sheets provided, if you so wish. Skirt the west shore of lower Snow Lake and

climb to the crest of the moraine separating the two lakes for:

Stop 2 (vicinity of Localities 2, 9, 9A, 10)

We interpret this sinuous ridge and the one upslope and to the west to be
western lateral moraines that developed alongside ice which flowed north off
Mount Mills and terminated amid the Snow Lakes. Note that the clast weathering
on this deposit is similar in magnitude to that observed on bedrock downvalley
from here. We will also observe similar weathering on bedrock upvalley from here
(Locality 3), enroute to Stop 3. Thus, as far as weathering is concerned, it
appears either that 1) the still-stand responsible for this moraine was very short
lived or 2) the weathering properties which we are measuring reach some kind of
steady state maximum in the time since ice stood at this point, meaning that

weathering downvalley from here will appear similar in magnitude even though



Table 1-2: Relative Age Data From The Mono Recesses
Maximum Percent Maximum Aplite Maximum Maximum Maximum Felsic Maximum Mafic Percent Average lr«‘eatheringl

ocality Pit Depth Pitted Dike Relief  Joint Depth Knob Reliefl Inclusion Height Inclusion Height Fresh Stones Rind Thickness
i (cm) (%) (em) (cm) (cm) (cm) {cm) (%) (mm)

1 12 8.5 21 11 23 5

2 17

3 14 8 24 12

4 1.5 20 1.2 85

5 0.5 4 0.5 95

6 12 4 18 11 2.5 3

7 100

B 16 41 g 4

9 14 31 2.5 14 3 4 11 9.3 (20}

g4 14 13 2.2 1

10 13 38 7 15 2 9 8 g.25 (20

11 14 49 3 17 3.2 & 11 Vol 120

12 11 71 8 13 9 < ] 2& B8 (16

13 3 47 & 2 2 13 Fag 112)

14 32 43

15 14 B3 10 10 3 ] 7 e.3 (1%

16

17 3.4 56 1.5 L5 B.L {231

18 5.6 80 1.7 7 2 3.6 62 ELE 1350

19 9.2 2

20 5.7 78 1.5 1.2 36 825

21 0.0 0.0 100 0.0 (1c)

22 14 3.3 27 15 2

23 0.0 0.0 100 .0 (1

24 1.9 50 1.5 54 32428

25

25 B.6 56 B.5 9 2 40

26 11 92 10.2 5.9 2.8 24 4.5 (25

27 6 BO 3.8 3.5 3 329 78 4.3 (25)



Table 1-2: Continued

Maximum HMaximum Max imum Average Percent Suggested? Age From 3 i
Locality Rhizocarpon Diameter Acarospora Diameter L. thompsonii Diameter Lichen Cover Age Grouping  Birman (1964
(mom ) (mm) (mm ) (x)
1 H:
2 H?
3 20 PA Ti
4 23 11 126 3 ¥
5 30 51 52 5 H2 b
6 ) 75 PA Ti
7 i 0 H3 M
8 110 ri'f PA H?
9 81 41 ¥ 70 85 A
9 A A PA M
10 75 46 { 85 85 Pa M
11 70 4 ' 75 70 A
12 . 100 80 PA RT
13 53 79 b TE 80 31 bt
14 34 75 10 10 B2? X
15 87 67 80 P4 RF
16
17 38 62 80 RF
18 63 19 f ] 8O RP
19 RP
20 24 17 an 70 H2? RF?
21 2 0 H3 »
22 PA Ti?
23 2] 39 1 H3 M
24 25 4 49 20 M
25 17 24 71 25 M
25 A T1
26 50 124 80 PA RF?
27 51 20 LE S RP (Type)
NOTES: 1 Number in parenthesis is number of stones measured.

2 H3=late Neoglacial, H2=Mid Neoglacial, Hi=Early Neoglacial, PA=Pre-Altithermal

3 M=Matthes, RP=Recess Peak, H=Hilgard, Ti=Tioga



Depth (em)

Nepth (em)

Depth (em)

Depth (em)

Table I-3: Soil Profile Descriptions

Locality 9
Horizom Description
[ = ——— *
B, nonsticky gritty,sandy loam
F0 e i 10YR 4/3 (moist)
20 -
Cox gritty sandy loam
30 - 2.5Y 5/3 (slightly moist)
40 - Cn nonsticky,nonplastic, gritty sandy
loam to loamy sand; 2.5Y 7/2 (slightly moist)
50 =
* Just a trace of A-Horizon under sparse vegetation
Locality 10
Horizon Description
0 - —
BTUss
B s
Bg sandy loam, 10YR 4/3 (slightly moist)
10 -
15 -
Cox sandy loam, 2.5Y 5/2 (moist)
20 -
25 -
30 - Cn sandy loam, 2.5Y 6/2 (moist)
Locality 11
Horizon Description
0 - e——— gruss
10 -
Be slightly plastic, nonsticky sandy loam
20 - 10YR 4/3 (moist)
30 - Cox nonsticky, nonplastic sandy loam to loamy sand
e — 2.5Y 5/2 (moist)
40 - C, same texture as Cgyx; 2.5Y 6/2 (moist)
Locality 13
Horizon Description
0~ — gruss
5 = ch gritty sandy loam to loamy sand
PR B 2.5Y 5/2 (moist)
10 -
15 - c, same texture as C__; 2.5Y 6/2 (moist)
ox
20 -



that region may have been ice-free for a significantly longer period of time.

Qur preference, at this time, is that these deposits are the latest Wisconsin
recessional moraines in Fourth Recess. The soils developed here (Table I-3) provide
most of the support for this conclusion. Soil profiles with color or argillic
B horizons, and oxidation to 30 or more centimeters depth, are more akin to
profiles developed on late Wisconsin Tioga moraines, than to any Neoglacial
soils from this region.

If our guess at a late Wiscohsin age for these deposits is correct, then
lichens will be of little age-determinant value here, because Rhizocarpon and
Acarospora reach maximum diameter (120 mm or so) within 2800 years in the High
Sierra (Curry, 1969).

Now ascend to the lip of the rock glacier south of here, beneath Mount
Mills (an easy enough thing to say, but not so easy to do. Use extreme care
working up to the top of rock glaciers. Most boulders in the active face are
unstable!!). Be sure to note the degree of bedrock weathering near Locality 3,

on your ﬁay to:
Stop 3 (vicinity of Localities 4 and 5)
Note immediately the fresher nature of clasts and lower lichen and tundra

covers than on deposits seen previously. The lichen story is a bit inconsistent

here, with Locality 5 Rhizocarpon and Acarospora diameters larger than those at

Locality 4, and weaker lichen covers (5%) than are usually associated with lichens
this big. Still, lichens are large enough and weathering strong enough that much
of the debris here appears to pre-date the "Little Ice Age'" or Matthes age
deposits of the last few hundred years. Traversing to the west from Locality 5

we arrive at:

10



Stop 4 (Locality 7)

This moraine is a good example of a "Little Ice Age" deposit, typically
found immediately in front of small cirue glaciers in the Sierra. Note the lack
of weathering of clasts and the virtual lack of lichens.

Continue traversing to the northwest into the col above Locality 11 which
leads to Third Recess. From the col, pick your way carefully down the large
crack to the left (south) of the prominant bedrock slabs, then work your way to

the surface of the rock glacier in the back of Third Recess:

Stop 5 (Localities 13 and 14)

Figure I-3 shows the distribution of deposits in Third Recess. The lower
portion of the Third Recess rock glacier (locality 13) appears somewhat more
weathered than did the rock glacier in Fourth Recess (Localities 4 and 5). Lichen
diameters are larger and lichen cover is stronger, also. We feel that the outer
lobe of this rock glacier may be the only early Neoglacial deposit that we will
see today. The soil here (Table I-3) shows an A/Cox/Cn profile which is common
on early Neoglacial deposits throughout the western United States. As you ascend
to inner lobes of the rock glacier (Locality 14) weathering and lichen properties
look more similar to Fourth Recess rock glacier than did Locality 13.

Descend to the hummocky tundra covered deposits below the rock glacier for

the final stop of the day:

Stop 6 (Locality 15)

These probable moraines were mapped by Birman (1964) as Recess Peak (early

11
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talus and scree covered slopes
lake
moraine /

rock glacier

locality refer-*

LARKE -9
bedrock \ ﬂ
t
red to in Tables\“\\ 8
I-2, I-3 Yy WE
ridge crest \\\\x B
| {

12



Neoglacial) in age. Our weathering data strongly suggests that these deposits
are similar to those in the vicinity of Snow Lakes (Localities 2, 9, 9A, 10).
Again, we feel that weathering of this degree, and soils of this development are
more typical of late Wisconsin deposits than post-Altithermal deposits, but until
more absolute ages are available in the Sierra Nevada, we will have treat this as
a tentative correlation.

Exit Third Recess by descending to Third Recess Lake and finding the trail
on the east side of the outlet, which stays east of the creek to Mono Creek. After
crossing to the north side of Mono Creek, a good trail will take you east to

Fourth Recess and a well-deserved night's sleep!

Leaving the Mono Recesses:

Friday August 24, 1979

Although examining alpine glacial deposits may be less attractive than it
was before yesterday, your route back over Mono Pass will take you near some
features that might be worth looking at. Figure I-4 shows locations of some deposits
near Mono Pass. The rock glacier south of Trail Lakes, the moraine about one-
half mile north of Summit Lake, and the deposits just south of Mono Pass are
easily accessible. We have not collected data from these deposits yet, but some
extra data sheets are provided if you would like to compare what you have seen
yesterday with some unknowns.

In addition, after returning to cars at Mosquito Flat, you will drive through a
sequence of Wisconsin and pre-Wisconsin moraines as you descend Rock Creek.
Figure I-5, taken from Birman (1964), shows the major moraine crests between

Rock Creek Lake and Highway 395.

13
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For those continuing north to Mammoth Lakes for Part II of the trip, four
major Wisconsin moraine complexes are visible south and west of Highway 395,
between Tom's Place and the Mammoth Lakes Junction (Figure I-—6).1

Starting at the intersection of Rock Creek Road and Highway 395 (0.0 miles),
the moraines of McGee Creek come into view dead ahead (west) at 2.8 miles.

Looking left (south) at 3.4 miles, gives a view of the Hilton Creek moraine complex.
The McGee Creek turn-off comes at 6.3 miles from Rock Creek Road, followed by the
large Tahoe (early Wisconsin ?) lateral moraines trending northeast from Convict

Lake at 8.7 miles. At 9.1 miles the mid and late Wisconsin moraines of Convict

Lake come into view (described by Sharp, 1969) on the left (south). The Convict
Lake-Hot Creek turn-off follows at 10.4 miles, and a good view left (south) of the
Laurel Creek moraines comes shortly at 11.7 miles. Mammoth Lakes Junction (14.5 miles)

is the correct turn-off to the group camp which is reserved at Horseshoe Lake.

We hope to see you there.

More detailed road logs for this and other portions of Highway 395 can be
found in Sheridan (1971) and Sharp (1972)

16



*3¥X93] UT 0) pollajJal 90B[J S,WOJ, Wwoij

SedeTTW 9IB Gef AEMU3TH SuoTe siaquny .

VA A 8922l JhSZ ~ AW\\\

thu: " ﬁ..u «w x) zam_ucec.Xut 9 ‘NI x.oWMa \ \.J.f-\)./
A v ~. ot
2o Y #5 j __...WAE Mt e
....% e L BEOIW T
: _W 2190 \ 'y,
‘ W TIWeT _ X w2
b
4 ,f.h.wc_w
‘_/ ”“
LG L]
\ ™~
m N, 07
-m 13 O T ./
a 1 v il
) % (& /
. o !
D \
) {
gsou |
2 I ¢
noweyw
folw CanwT
; niowwvly
:3

L e

ol

\\ qoft EERY

S9YET YJOWWE pUB 32217 OO0y

ulomlayg sainjes,] orydealosn

19-T 2ian81g



References

Benedict J. B., 1967, Recent glacial history of an alpine area in the Colorado
Front Range, U.S.A., Part I. Establishing the lichen growth curve: Jour.
Glaciology, v.6, p. 817-832.

1968, Recent glacial history of an alpine area in the Colorado

Front Range U.S.A., Part II. Dating the glacial deposits: Jour. Glaciology,
v. 7, p. 77-87.

Birkeland P. W., 1973, Use of relative are-dating methods in a stratigraphic
study of rock glacier deposits, Mt. Sopris, Colorado: Arctic and Alpine
Research, v. 5, p. 401-4l6.

Birman J. H.,1964, Glacial geology across the crest of the Sierra Nevada, California:
Geological Society of America Special Paper 75.

Carroll T., 1974, Relative age dating techniques and a late Quaternary chronology,
Arikaree Cirque, Colorado: Geology, v. 2, p. 321-325.

Curry R.R., 1969, Holocene climatic and glacial history of the central Sierra
Nevada: Geological Society of America Special Paper 123, p.l1-48.

,1971, Glacial and Pleistocene history of the Mammoth Lakes Sierra,
California--A geologic guidebook; Montana Department of Geology, Geological
Serial Publication 11, Missoula, Montana.

Lockwood J. P.,1975, Geologic map of the Mount Abbot Quadrangle, central Sierra
Nevada, California: USGS Map GQ-1155.

Miller C. D.,1969, Chronology of Neoglacial moraines in the Dome Peak area,

North Cascade Range, Washington: Arctic and Alpine Research, v.l, p. 49-66.

Sharp R. P.,1969, Semiquantitative differentiation of glacial moraines near Convict
Lake, Sierra Nevada, California: J. Geol., v. 77, p. 68-91.

1972,Geology field guide to Southern California:Wm. C. Brown Co. Dubuque,lowa

Sheridan M.F.,1971, Guidebook to the Quaternary geology of the east-central Sierra

Nevada. 18



RELATIVE AGE DATA SHEET

Stop No. Deposit Type and Location

Clast Lithologies

Morphology: Crest Width ; Proximal Angle 3 Distal Angle
Weathering: Pit Depth ;3 % Pitted Clasts ; Joint Depth
Mafic Inclusion Relief ;5 Felsic Inclusion Relief
Aplite Dike Relief ; Knob Relief
Fresh/Weathered ; 0x/ No Ox
Gruss/Boulder
Rinds:
n = X =

Vegetation: Maximum Rhizocarpon

Maximum Acarospora

Maximum L. thompsonii

Other Lichens

Maximum Lichen Cover ;3 Average Cover n
Tundra Cover

Comments:

Name; Address:

I would like to receive a compilation of relative age data submitted by FOP
participants. YES NO
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PREFACE

Welcome to the 1979 Pacific Cell Friends of the Pleistocene conference.
We requested the opportunity to lead the 1979 FOP trip to demonstrate and
discuss our use of various techniqus for determining relative age of glacial
and periglacial deposits, as well as to introduce or re-introduce the friends
to the Quaternary stratigraphy of the Sierra Nevada.

The works of many investigators inecluding those by Blackwelder (1931),
Putnam (1949, 1962), Matthes (1960), Sharp and Birman (1963), Birkeland
(1964), Birman (1964), Janda (1966), Curry (1966, 1969, 1971), Clark (1967),
and Sharp (1968, 1969, 1972) stand as ample evidence of the scrutiny that the
Quaternary record of this region has undergone. Most of these previous
studies have relied to some degree upon relative dating techniques for the
development of local stratigraphies. Partly because of the extensive previous
work, we choose this study area in an attempt to advance the usefulness of
relative dating techniques.

Because of the paucity of radiometrically datable materials in meaningful
stratigraphic positions and the ever growing need to know something about the
age of Late Cenozoic deposits, relative dating is a very valuable geologic
tool. In principle, relative dating is a measurement of those properties
which are thought to change with time. Deposits exhibiting similar degrees of
weathering, form, or soil development, as demonstrated by measurement of
specifie properties such as ratios of fresh to weathered clasts, degree of
stream dissection, and depth to unweathered parent material are thought to be
similar in age.

Our purposes in this field conference are to acquaint the participants
with just how these specific properties are measured, and to introduce our

relative dating results which yield somewhat different stratigraphic groupings
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than those previously established. We hope to create a type of workshop
atmosphere, to stimulate lively discussion about the utility of the various
relative dating techniques, and we want the participants to do a healthy
amount of measuring and describing. We have included numerous work sheets
within the guidebook for recording your own observations. Please use them and
include any other observations that you think valuable age criteria. The
leaders will be happy to tabulate and distribute the various measurements made
by this year's participants if the group desires.

Part I of the field conference deals with various relative age measures
applied to Holocene glacial and periglacial cirques deposits in the Fourth and
Third Recesses, two north-south trending valleys just west of the Sierra
Nevada crest, in the headwaters of Mono Creek.

Part II of the field conference deals with the various relative age
measures applied to several of the pre-Holocene glacial deposits lying along
the eastern escarpment of the Sierra Nevada, btween Mammoth Lakes and the
Bridgeport Basin.

The guidebook has been prepared from a series of papers that either have
been ﬁublished, are in review, or are in preparation for future publication.
These papers have been somewhat segmented to facilitate their use in a step-
by-step guidebook format, but will hopefully retain some of their
cohesiveness. The guidebook and trip have been organized with an attempt to
retain the professional informality of the FOP while giving the necessary
organizational structure required by the present day population of our group.

Considering the large size of our group and the delicate terrain over
which the field trip takes place--Part I lies within the John Muir Wilderness
and both parts I and II are on very limited exposures of key geologic

deposits--special constraints need to be involved. An overriding theme of
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this year's trip will be to minimize the environmental impact by our group.

We request that no fires be used while camping in the wilderness. Piease
observe the open soil pits and the rinds developed on previously broken
clasts, but minimize the breaking of all turf and boulders. This request to
limit the use of hammers and picks should not be taken as an attempt to stifle
your scientific curiosity, but rather an attempt to preserve the outecrop for
more detailed analyses than we can perform in our short visit. A major
measure of the success of this trip and of the true nature of the FOP will be
the lack of any sign of our presence after we have left.

While some acknowledgments occur through the guidebook, we would like to
recognize a number ofindividuals for their input. We wish to thank J. P,
Whipple for his capable field assistance. The comments of J. H. Birman, R. R.
Curry, G. B. Dalrymple, and R. P. Sharp concerning their previous works are
most appreciated. This study has benefited from our discussions over the
years with R. A. Bailey, M. M. Clark, S. M. Colman, R. R. Crandell, R. R.
Curry, R. J. Janda, K. L. Pierce, R. P. Sharp, and C. Wahrhaftig. We
appreciate the constructive criticisms of Clark, Janda, Pierce, and Sharp on
parts of the manuscript (particulary Chapters III, IV, and XI) in its various
stages. The valuable guidebook contributions by M. M. Clark, K. R. Lajoie,
and A. L. Walker are most appreciative. The conclusions in each chapter are
those of the author(s) and none of the above are necessarily in agreement with
them. We also wish to thank Mr. Rolf Kihl of INSTAAR, University of Colorado,
for much of the laboratory data. In preparation for the FOP trip, P.S. Mozley
and A. L. Walker provide several hours of invaluable assistance. Part of the
work of Burke and Birkeland was supported by‘U.S.G.S. Grant No. 14-08-0001~G~
202, and part of the work by Birkeland, Burke, and Walker was supported by
N..S.F. Grant No. EAR7681241. Our thanks to all involved.B. B., J. Y., P. B.,

August, 1979,
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CHAPTER TII
Preliminary thoughts on chemical trends in late Quaternary Soils,

Recesses area, Sierra Nevada

P. W. Birkland, A. L. Walker, and R. M. Burke

We have been analyzing soils formed on late Quaternary deposits in the
alpine area of the Recesses in order to determine those chemical data which
best correlate with the relative ages of deposits. We here give data on
oxalate-extractable Fe and Al (Feo, Alo), dithionite-extractable Fe and Al
(Fey, Aly), acid-extractable P (P,), and organic-bound P (P,). See Chapter X
for what the extracts are, and the expected trends. We here give data (Table
II-1) for the 3rd and 4th Recesses (loes. 13, 9, and 11), and for the 2nd and
1st Recesses (loec. 24, 18, 20, 26). Although the soil data are better for the
latter area, this field trip is confined to the former field area.

A brief summary of the trends shown in figures II-1, II-2, II-3, and II-4
follows:

1. The Fe and Al fractions follow predictable accumulation patterns with
time; soils in the 2nd and 1st Recesses show accumulations to greater depths
than those in the 3rd and 4th.

2. Po accumulates with time, but Pa behaves a bit erratic; in some profiles
Pa increases toward the surface, whereas in others it decreases toward the
surface.

3. Compared with other alpine areas for which we have similar data (Rocky
Mountains, Himalaya, Southern Alps of N.Z. (Birkeland and others, 1979), the
rate of chemical change with time is slowest in the Sierra Nevada, perhaps

because it is the driest of all areas thus far studied.



Table ITI-1. Chemical data for soils formed on glacial deposits of the Recesses.
Figures II-1—II-4 show the age related trends with depth.

Field Location  Soil Locality Horizon Fe0 Fed Ab Ald Pa Po
24 Cox .07 .06 13 05 41.0 ===
1st and 2nd 24 Cn ol | .05 .11 .04 39.6 =———-
Recesses 18 A Ty 28 ke 26 25.3 19.4
18 Bs .05 12 .44 .18 35.6 8.2
18 Cox .03 .06 .34 .10 37.1 3.8
18 Cn or C2X .01 .04 .26 .07 38.0 ———-=
20 A o | .23 .07 .06 61.3 3.6
20 B .03 .30 S5 - 308 145w S, 0 L2
20 IICox .04 .17 .15 .06 40.4 13.3
20 1ICn .03 15 409 505 -33.5 3.6
26 A .07 .18 +25 417 G&4.2 8.0
26 B2 «13 .34 .59 .30 50.1 13.8
26 IIB3 .07 .23 .28 .16 35.9 4,2
26 IICox top % .09 <15 .17 .09 48.9 .2
26 IICox bottom ) .03 .09 .10 .07 31.5 1.0
3rd and 4th 13 Cox .06 0 .16 .06 41.3 B2
Recesses 13 Cn ol .08 .08 .02 32.6 «B
9 Bt .07 .14 24 11 28:2 37,3
9 Cox .06 .10 L7 .06 35.5 118
9 Cn .06 .09 210 .05 4551 4.2
11 Bt .08 .19 46 .20 57.1 19.6
11 Cox .03 .08 .17 .06 46.5 3.6
11 Cn .04 .06 J14 .04 40,2 7.8
Fea —— Oxalate—extractable Fe
Fed —— Dithionite-extractable Fe
Alo —— Oxalate-extractable Al
Ald =-- Dithionite-extractable Al
Pa —-- Acid (HZSOA)—soluble P

Po =-- Organic-bound P
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4, An unexpected result is that the amount of Fe and Al accumlation is
greater in the alpine soils than in many of the soils formed in Tioga and
Tahoe Tills along the eastern escarpment, even though the latter may be 3-10 x
older (see Chapter XIII). Climate differences could explain this pattern. It
might also mean that the climate along the eastern escarpment has not been

much wetter in the past than the present climate.



CHAPTER III

Relative dating and reevaluation of the glacial deposits along

Mammoth Creek, California

R. M. Burke and P. W. Birkeland

The majority of this chapter is taken from Burke and Birkeland (1979) and
is reproduced here with the permission of Quaternary Research and the
University of Washington. All references of this material should be made to
the original ﬁaper. The soil chemical data are recently out of our lab and
not included in Burke and Birkeland (1979). See Chapter XIII for a brief
discussion of the soil chemistry data. The abstract of this chapter applies
to a broader study along the eastern Sierra Nevada than we have time to
investigate during this trip. It does however, outline our conclusions and
deals directly with deposits discussed in Chapters III, V, and XI of this
guidebook. Figure IITI-1 shows the location of stops 1 and 2 where we will
view, respectively, Tioga and Casa Diablo Till (Table III-1). These two stops
will not be used to teach RD methods, but are viewed for a quick evaluation

and reference during the remainder of the trip.

ABSTRACT

Four valleys, recently studied by other workers, were examined along the
eastern Sierra Nevada to refine relative dating techniques. A variety of
weathering parameters and soil properties fail to delineate more than two

ma jor post-Sherwin Pleistocene glaciations. We correlate these two



Figure III-1. Topographic map of Horseshoe Lake 9
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Table III-1. A partial list of eastern Sierra Nevada glacial deposits.

Glacial deposits Relevant absolute ages
Tioga 9,300t800 yearsb
Tenaya [
Tahoe

0.060%0.050 my®
0.09070.090 my©
Mono Basin d
0.062%0.013 my
Casa Diablo d
0.126%0.025 my

0.710 my®
Sherwin

2For details on the complete Sierra Nevada nomenclature see Sharp (1972) and

references therein.
bRadiocarbon date on basal peat (Adam,1967).

Crwo K-Ar dates on a basalt flow that underlies till designated as Tahoe (Dalrymple,

1964) .

dThe most recent K-Ar dates on basalt flows that bracket Casa Diablo Till (Bailey
and others, 1976).

€Mean of X-Ar dates on Bishop Tuff that overlies Sherwin Till (Dalrymple and others,
1965).
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glaciations with the Tahoe and Tioga Glaciations. Type Mono Basin Till,
usually considered to be pre-Tahoe, exhibits the following weathering
similarities with Tahoe Till, if both are under sagebrush: (1) grusificatiomn
of subsurface granitic boulders; (2) degree of pitting, mineral relief and
rind development on surface granitic boulders; and (3) very slight clay
increase in the B horizon. Type Casa Diablo Till also has weathering
characteristics similar to Tahoe Till, except a slightly more developed Bt
horizon is present. Hence, dates on basalt of 0.126  0.025 my and 0.062 %
0.013 my (Bailey and others, 1976), which bracket type Casa Diablo, may
provide age control on the Tahoe Glaciation. In addition, we are unable to
demonstrate that the Tenaya is a separate glaciation. In three of the four
valleys studied our weathering data for Tenaya Till are equivalent with those
for Tioga Till, but with those for Tahoe Till in the fourth valley.

We were not satisfied with our ability to differentiate the Casa Diablo,
Mono Basin, and Tenaya as separate glaciations even though data were collected
in the type areas for two of these deposits. Reasons for suggesting a change
back to a two-fold Tahoe-Tioga glacial sequence, rather than the present five-
fold sequence, are that we have measured a greater number of parameters than
has been done previously, soils were submitted to detailed laboratory
analyses, and surface weathering features were studied under consistent
present vegetation.cover to avoid possible problems induced by ancient forest
fires. Nevertheless our relative dating scheme does not rule out the

possibility of a more detailed glacial sequence.
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Introduction

The Quaternary geology of the Mammoth Lakes area has been mapped in two
previous studies. Rinehart and Ross (1964) mapped the moraines between
Mammoth Lakes Village and Highway 395 (Fig. III-2) as an undifferentiated unit
which could tentatively correlate with any or all of the Tioga, Tahoe, and a
pre-Tahoe, post-Sherwin deposit. Curry (1968, 1971) subdivided the major
moraines into Tioga, Tenaya, Tahoe, and Mono Basin, but on his map they are
shown only as Group B deposits. Curry (1971) also recognized an older till
which he nameq the Casa Diablo. The type Casa Diablo Till lies between the
lower and middle of three basalt flows originally dated at 0.441 + 0.040 my
(KA2098), 0.280 + 0.067 my (KA2012), and 0.192 % 0.035 my (KA1928) (Curry,
1971). Bailey and others (1976), however, have redated the lower and upper of
the above mentioned three basalt flows at 0.126 % 0.025 my (73G012) and 0.062
+ 0.013 my (73G01Y4), and these latter ages are herein accepted as bracketing

the Casa Diablo Till.

Tioga Glaciation

The RD data from our study (Fig. III-3a; Table III-2) do not permit any
major subdivision of the post-Casa Diablo Tills, even though the text of Curry
(1968, 1971) indicates that a four-fold subdivision of Tioga, Tenaya, Tahoe
and Mono Basin exists (Fig. III-2). There is a suggestion of a progressive
change of some RD values which generally agrees with stratigraphic position,
but the presence of reversals in the trends confounds grouping the deposits
into separate ages. Given this, subsurface data may be more satisfactory in

differentiating the post-Casa Diablo tills. None of the deposits have
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Figure III-2. Glacial deposits along Mammoth Creek according to Curry (1971)
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approximation taken from his text, as he maps all post-Casa

Diablo tills as Group B.
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dated by Bailey and others (1976).

B to correlate stop numbers to site numbers.

The base map is the

Mt. Morrison 15-minute quadrangle, California. Bee Appendix
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Mammoth Creek.
given in tables II1I-2

Selected RD (A) and soil (B) data for deposits in

Complete data and actual numbers are

correlate stop numbers

and III-3.
to site numbers.

See appendix B to
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grusified granitic boulders at depth, nor do the soils differ much one from
another (Fig. III-3b and Table III-3). The soils consist of A/B/Cox prrofiles,
and although they show an increase of clay content toward the surface, these
increases are slight and could reflect the deposition of ash and other eolian
material mixed with the tills. Therefore, based primarily upon the lack of
subsurface grusification and progressive soil development we tentatively

correlate all of Curry's (1971) Group B with the Tioga Glaciation.
Casa Diablo Glaciation

Surface exposure of Casa Diablo Till is limited, and the lack of true
morainal form makes comparisons with the younger deposits difficult. Few
surface data demonstrate that the Casa Diablo Till is much older than the
Tioga Till of this study. Only the percent weathered granitic stones (Fig.
III-3a) and the maximum height of mafic inclusions (Table III-2) show a clear
separation of the Casa Diablo from the Tioga. In addition, the numerical
values for these two weathering phenomena resemble Tahoe values of other
drainages.

Subsurface data for the Casa Diablo Till do indicate an age greater than
the Tioga. Many subsurface boulders are completely grusified, but the
oxidation of the grus is slight. In addition, the soil has the strongest
textural B horizon development within the study area for post-Sherwin tills.
The 6% clay increase from the Cox to the B2t horizon is thought to be
pedogenic because of both the color and the presence of clay films (Site 03,
Fig. III-3b and Table III-3). The clay increase is greater than other soils
in the eastern Sierra Nevada thought by us to be of similar age. Weathering

rind data collected from near the top of the B horizon also corroborate the
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Table III-4. Data on weathering rinds in the Mammoth Lakes area.a
Age of moraineb Mean rind thickness (mm)

basalt quartzite

Tioga 0.23 0.21
Tenaya 0.17 0.25
Tahoe 0.26 0.18
Casa Diablo 0.50 0.50

3¢ om Colman (1977)

bage according to Curry (1971)
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above subdivision based on soil and grusification data (Table III-4). Soil
chemical data show very little trends with depth (Fig. III-4). These data all
suggest that the Casa Diablo Till has many characteristics similar to the
Tahoe elsewhere.

The lack of morainal form in the Casa Diablo Till may suggest to some
workers a pre-Tahoe age. However, even the Tioga moraines along this creek
show only a low rolling relief. As noted by Rinehart and Ross (1964), the
deposits near Mammoth Lakes resulted from a piedmont type ice flow that gave

rise to this low-relief morainal morphology.
Discussion

The two age groups of tills along Mammoth Creek seem to correlate best
with the Tioga and Tahoe Glaciations. All post-Casa Diablo deposits have
subsufface weathering and soil parameters that are consistent with a Tioga
age. Some surface data suggest that the outermost Tioga moraines are somewhat
older, and the possiblity exists that they could be the Tenaya of other
workers. We are, however, not satisifed with such an interpretation because
of some trend reversals in the data for post-Casa Diablo tills, and several
possibilities exist to explain these reversals. One is that the moraines were
sampled near their terminal position, and it has been shown elsewhere that RD
data are more variable in terminal moraines than in lateral moraines
(Janda, 1966; McCulloch, 1963; Sharp, 1969, 1972). Another is that because
the deposits are close to the lower limit of trees, past fires may confound
some of the surface weathering data. Furthermore, all along Mammoth Creek, a
question exists as to thé degree to which burial, redistribution and erosional

stripping of volcanic material influenced surficial weathering. Finally, as
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in every drainage in this study one could argue that we do not have data fron
a sufficient number of sample sites. These same factoré could account for the
lack of differentiation between Casa Diablo and post-Casa Diablo tills on
surface weathering data. Hence, this area can be used as an example of where
the usefulness of subsurface RD data outweighs the usefulness of surface RD
data for age differentiation.

The Casa Diablo soil has the strongest development for Tahoe equivalent
soils in this portion of the eastern Sierra Nevada. Although the possibility
exists that Casa Diablo is préwTahoe, some local factors may help account for
the 6% clay increase in this profile and its absence in other Tahoe
profiles. Volcanic lithologies are common in this drainage and these would
have higher rates oficlay production than would granitic lithologies. Tephra
deposits mantlebmuch of the topography and these could weather rapidly to clay
witich could infiltrate into the soil. Yet another factor is that the parent
material is initially slightly higher in clay content than are most eastern
Sierra Nevada tills and this alone would promote faster clay production
(Birkeiand, 197”),> Finally, a somewhat higher precipitation than is present
in other drainage could accelerte the rate of clay production. If it is
accepted from the soil, grusification and rind data for voleanic clasts that
the Casa Diablo Till is probably of Tahoe age, then the 6% clay increase from
the Cox to the Bt horizon is a maximum for post-Tahce soils in this part of
the eastern Sierra Nevada.

The Casa Diablo=Tahoe correlatioﬁ based on our RD data suggests that a
portion of Tahoe Glaciation occurred between 0.062 + 0.013 and 0.126 + 0.025
my ago. On the other hand, if the Casa Diablo Till is older than the Tahoe,
the bracketing dates require that Tahoe deposits are either (1) missing along

Mammoth Creek, or (2) within the oldest of Curry's Group B moraines. However,
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our RD data suggest that Curry's Group B moraines are j_.ndeed an undiffer-
entiated unit which correl&tes with the Tioga Glaciation. Furthermore, there
are no compelling reasons why Tahoe till should not be present in the area
studied. Therefore, we accept the new Casa Diablo dates, and feel the RD data
support the Casa Diablo-Tahoe correlation as well as the Group B-Tioga

correlation.
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CHAPTER IV

Road log from Mammoth Creek to Sawmill Canyon (N)-Bloody Canyon

R. M. Burke

This is a short note to provide limited roadside view information between
stops 2 and 3. No attempt has been made to provide a thorough roadside
guidebook as several excellent publications exist to fill this need. The
works of Wahrhaftig and others (1965), Sharp (1972), Smith (1976), and Lipshie
(1976) are sufficiently detailed and diverse to allow the traveler a unique
opportunity to create his/her own self guided tour along'this:segment of the
Sierra Nevada escarpment. This note is intended to identify omly the most
prominent features seen by the driver when traveling at 50 mph. The route is

seen on figures IV-1 and IV-2.

Mileage

On highway 203 from Mammoth Lakes to stop 2 you were able to view the
spectacular sets of moraines deposited at the mouths of Sherwin,
Laurel, and Convict Creeks. The different lithologies between the
Sherwin (granitiec) and Laurel (metamorphic) drainages are reflected
by the present day vegetation cover on the glacial deposits; Sherwin

Creek moraines are forested, Laurel Creek moraines are not forested.

0.0 Turn northwest onto highway 395 from highway 203.

You will be driving through beautiful Jeffrey Pine Forest, the largest such

forest in the world (Smith, 1976, p. 21). The ground is littered
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Figure IV-1. Topographic map of the route between stops 2 and 3, part IT
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with large accumulations of pumice and volecanic ash from the many

nearby eruptive centers.

Turn-off to left leads to Inyo Craters which occur in a lineament of
voleanic domes parallel to, and about 5 kilometers west of, highway
395. This lineament extends from the Long Valley caldera in the
south to the Mono Craters in the north (Bailey and others, 1976) .
Much of the voleanic activity in the Inyo.Craters area has occurred
in only the past few hundred years (see Wood, 1976, and references

therein).

Ahead and to the right of the highway, the hill is Lookout Mountain,

. an obsidian plug dome dated at 673,000 x 14,000 years (Bailey and

others, 1976, p. 729).

REST AREA - 20 minute stop. This is the last toilet facility we will
encounter until we camp tonight. If you don't have water for
tonight, this is a good place to £fi1l up. We will be close to, but

will not go through, Lee Vining prior to making camp.

Reenter highway 395 from Rest Area.

Owens River Road turnoff. If time and traffic permit, we will make a
brief stop at this locality to point out and discuss the type Deadman
Pass Till (Curry, 1966). The saddle in which this deposit is located

can be seen on the skyline to the southwest (left).
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Crestview Caltrans Station. We have been in the Long Valley Caldera
all morning and are now leaving this feature as we climb to Deadman

Pass summit.
Straight ahead is a view of Wilson Butte, a Holocene obsidian dome.

On the right side of highway 395 is an explosion pit apparently
caused by a phreatic explosion. The large notch carved into the far
wall formed in only a few hours as the result of a pipeline break

during construction of the Los Angeles aqueduct (Smith, 1976, p. 23).
Sharp corner to the left around a good exposure of Bishop Tuff.

Roadeut in right lateral Tahoe-age moraine of June Lake (Putnam,

1949).

Roadcut in right lateral Tioga-age moraine of June Lake (Putnam,

1949).

This straight stretch in highway 395 affords the first view of Mono
Basin, with moraines surrounding Grant Lake and Parker Creek

dominating the view.

June Lake Junction. Outcrops and deposits seen for the next few
miles consist of Bishop Tuff, Basalts of June Lake, and Tioga, Tahoe,

and older(?) tills of June Lake Basin (Putnam, 1949).
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The view to the right is of the obsidian domes and flows making up
the mostly Holocene-age Mono Craters. We will be in several
localities for photographs of these features, so a special camera

stop will not be taken here.

To the right of highway 395 are the Mono Craters domes and flows
(3:00), and Mono Lake (1:00). To the left of highway 395 is a good

view of the type Mono Basin moraines (10:00).

CAREFUL - BAD INTERSECTION - We turn left onto the Grant Lake=-Silver

Lake-June Lake Road.

Directly ahead is a good view up Sawmill Canyon (N) outlined by the
type locality Mono Basin moraines. Stop 3 is on the right lateral

moraine (Chapter V).
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CHAPTER V

Relative Dating techniques and reevaluation of the glacial deposits along

Sawmill Canyon (N)-Bloody Canyon
R. M. Burke and P. W. Birkeland

The majority of this chapter is taken from Burke and Birkeland (1979) and
is reproduced here with the permission of Quaternary Research and the
Uiversity of Washington. All references of this material should be made to
the original paper. The soil chemical data are recently aut of our lab and
not included in Burke and Birkeland (1979). See Chapter XIII for a brief
discussion of the soil chemistry data. Figure V-1 shows the location of stops
3-7 to view the right lateral moraines of the type Mono Basin (3), unforested
Tahoe  (4), forested Tahoe (5) Tenaya (6), and Tioga (7) as mapped by Sharp and
Birman (1963). These stops will be used to demonstrate RD methods and to
discuss our results compared with those of the original workers and with your
efforts today. For this reason, the first part of this chapter contains a
short background on relative dating along the Sierra Nevada and introduces the

RD methodology we apply.

Introduction to relative dating along the eastern Sierra Nevada

Use of semi-quantitative weathering data for age differentiation of

glacial deposits along the eastern Sierra Nevada started with the pioneer work
of Blackwelder (1931). However, relative dating (RD) techniques now widely

used by many Quaternary workers result from the more recent work of Sharp and
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Birman (1963), Birman (1964), and Sharp (1969, 1972) in the Sierra Nevada, and
indeed these works from the basis for the stratigraphic nomenclature and
approximate ages presently used -for Sierra Nevada glacial deposits. The
eastern Sierra Nevada was picked as a major study area in our efforts to
advance RD techniques because of extensive previous work (Wahrhaftig and
Birman, 1965; Bateman and Wahrhaftig, 1966). The work presented in this paper
is part of a larger study to evaluate soil and weathering characteristics as
correlation criteria for Quaternary deposits, and to evaluate rates of
weathering over parts of the western U.S.A.

RD is based upon the premise that certain weathering parameters are time
dependent, and therefore they can be used to delineate episodes of
deposition. The need to understand and to use RD techniques arises from the
scarcity of radiometric dating control for many surficial Quaternary
sequences. In the past, stratigraphic sequences often have been subdivided on
a single weathering characteristic. An example is rock weathering; however,
it may be difficult to effectively use this criterion in other areas where the
rock types are different. Hence , we apply several RD techniques in an
attempt to determine which parameters provide the best data for till
subdivision locally and for correlation over a larger area. This multi-
parameter approach reduces the possibility of mistakes in subdivision and
correlation due to local (non-temporal) variation of a key parameter, and was
best summarized by Blackwelder (1931, p. 880): "Of all these criteria only a
few can usually be applied in any one place. One of them alone affords only a
tentative opinion, but when several of them all point to the same conclusion
confidence is much strengthened." Our approach was to obtain quantitative
data on several weathering and soil phenomena for each major deposit. The

number of measurements per deposit, however, has to be sufficiently limited so
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that the data can be effectively incorporated into a mapping program. As
expected, no one phenomenon is universally useful in till differentiation;
however, sSome are more consistent than others and a few apparently do not work
in the Sierra Nevada. In contrast to our approach, some workers in the past
have made multiple measurements on a deposit of a few parameters, and then
used an average value for age assignment. This latter approach has the
advantage of producing lots of the same type of data and thus assessing the
variability of a parameter within a single moraine. A shortcoming of our
approach may be that we do not have data on "within moraine" variability.
However, gathering data on a variety of parameters may be as effective in age
. determination as increasing the number of measurements on only a few
parameters. This will remain to be further tested in the future.

Study sites were selected which had been well studied previously and
within which there were minimal differences in non-temporal weathering and
soil. forming factors; in this way we sought to increase the probability that
variations in RD data reflect different durations of weathering. The four
valleys of this study are Sawmill Canyon of the Owens River drainage
(designated Sawmill Canyon (S)), Mammoth Creek, the Sawmill Canyon (N)-Bloody
Canyon ara near Mono Lake, and Green Creek. A total of 58 man days were spent
in collecting the weathering and soils data during July and August of 1975 and
1976.

The data generated in this study suggest a revision of the stratigraphic '
nomenclature presently used in the Sierra Nevada. In a previous paper
(Birkeland and others, 1976) we have given preliminary comments on the entire
glacial sequence; however, discussion herein will be limited to deposits
presently designated as Tioga, Tenaya, Tahoe, Mono Basn and Casa Diablo in age

(Table III-1). A major conclusion of our work is that our RD data support
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only a two-fold subdivision of post-Sherwin, pre-Neoglacial deposits rather

than the above five-fold subdivision.
Environmental Factors

The environmental factors which influence weathering rates and soil
formation are similar for most valleys of this study (Table V-1).

The setting of the deposits in Sawmill Canyon (S) is atypical of the
other three areas in that the deposits occur within the confines of the
bedrock valley walls, and are vegetated by a mixed conifer forest with an
understory of the Great Basin sage community. The deposits of the other three
valleys lie beyond the range front and are generally occupied mostly by the
Great Basin sage community.

Lithology is a most important variable which must be minimized if
varidtions in RD data are to be considered time dependent. Weathering
parameters are measured on medium- to coarse-grained granitic rocks. These
usualiy are classified as granodiorite or quartz monzonite with a biotite
content ranging from four to eight percent (Kistler, 1966; Moore, 1963;
Rinehart and Ross, 1964). In general, the rocks are similar enough in grain
size and mineralogy (see Kistler, 1966; Moore, 1963; and Rinehart and Ross,
1964) that correlation based on RD techniqus should be possible from valley to

valley.
Relative Dating Techniques

Of the many RD data that can be collected on morainal deposits, we

collected only those that could be readily quantified and that showed the most
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Table V-1. Environmental data for the four study areas, Sierra Nevada.

Locality Elevation

(meters)

Sawmill 2075-2635
Canyon (3)

Mammoth 2270-2440
Creen

Sawmill 3
Canyen () - 2195-2530
Bloody
Canyon

Green 2225-2450
Creek

8¢ aken from Moore(1963),

GB?J-JI"I l'-fi‘t
edroc
Lithology %

granodiorite,

quartz monzonite

granodiorite,

quartz monzonite

quartz monzonite

granodiorite

btaken from U.S. Weather Bureau(1964),

are interpolated for altitud

+ error of unknewn ma.gm"fuée..

Mean Annualb

Temp Pect

7°c  35cm
8°c  50cm
SOC 45cm
7°C  40cm

Veéetatienb

mixed conifer forest,

Great Basin sage community

Great Basin sage community,

Jeffery Pine forest

Great Basin sage community,
mixed conifer forest

Great Basin sage community

Rinehart and Ross(1964), and Kistler (1966).

and Storer and Usinger(1963). pata given
e from nearby weather stations and thus contain &
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promise for age differentiation based upon our prior experiences. A brief
definition of our RD criteria follows, along with some potential problems.
These definitions are taken or modified from Blackwelder (1931), Nelson
(1954), Birman (1964), Sharp (1969, 1972), Birkeland (1973), Carroll (1974),

and Shroba (1977).

ﬁeathering Criteria: Moraine Surface Boulders

(1) Fresh to weathered ratio: Fifty boulders of at least 30 cm diameter
are randomly selected at each site. A boulder is considered weathered if 50%
or more of the exposed surface exhibits single grain mineral relief. A
weathered boulder is rough to the touch and a fresh boulder feels smooth.

(2) Pitted to non-pitted ratio: Fifty boulders are counted at random
and each is considered to be pitted if its surface has one or more concave
depressions of more or less circular shape, apparently caused by granular
disiﬁtegration. Pitting and weathering counts are made separately because
boulders that are weathered are ﬂot necessarily pitted and vice versa.

(3) Pit depth: The depth of a pit is measured from the bottom of the
pit to the present surface of the boulder, and is thus a minimum measure of
total pitting. Measurements are listed in the following two ways: (1) the
maximum pit depth for the deposit, and (2) the average value for the deepest
pits on the first 25 boulders classified as pitted.

Using a definition of weathering which combines our first three
techniques, Clark (1967) found the exposure to wind and height above local
vegetation to be strong controlling factors of boulder weathering. By
selecting data collection sites along the flattest segments of moraine crests
in the same kind of vegetational cover, we have attempted to reduce the
variability of these controlling factors between data sets, within any single

drainage.
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(4) Maximum height of resistant mafic inclusion: The measurement here
is the distance between the top of the inclusion and the average position of
the adjacent rock surface.

(5) Rind to no rind ratio: A rind is a zone of weathered rock,
recognized by a discoloration, that parallels the outer surface of the rock.
For each count, 25 granitic cobbles are broken open and the presence or
absence of a rind is recorded.

(6) Average rind thickness: In the above count each rind is measured to
the nearst mm (0.1 mm for volcanic rocks), and including the zeros, a mean
rind thickness for the 25 clasts is calculated.

(7) Hammer-blow weathering ratio: At each site, 50 boulders are struck
with a hammer and classified as fresh, weathered, or grusified. A boulder is
fresh if it gives a sharp ringing sound, weathered if it gives a dull thud,
and grusified if it disintegrates when struck. This method is less
discriminating of age than the fresh to weathered technique described above.

(8) Surface Boulder Frequency (SBF): The total number of boulders with
a diameter greater than 50 cm are counted within a 30 m by 6 m rectangle along
the crest of a moraine. In an effort to minimize the effect of boulder
frequency variability along a single moraine, the rectangle is placed where
there visually appears to be a maximum boulder concentration. Previous
workers (Blackwelder, 1931; Sharp and Birman, 1963; Birman, 1964; Dickinson,
1968: and Sharp, 1969, 1972) relied in part on SBF to recognize and map
glacial deposits of different age in the eastern Sierra Nevada. Our SBF data,
however, do not allow us to make such distinctions. Reasons for the failure
may be that too few counts were made by us, or that the 50-cm minimum diameter
may have been too large. Other workers have used a 30 cm minimum diameter. A

ma jor problem with this technique is where to take such counts, as Rahm (1964)
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and Clark (1967) demonstrate that variation can be a function of original
deposition. Our data do not resolve this problem.

(9) Granitic boulder to non-granitic boulder ratio: The measurement is
made on 50 boulders greater than 50 cm in diameter. Non-granitiec rock types
are more resistant to weathering and should proportionally increase with
time. Sharp (1969, 1972) found this technique useful when applied to a set of
moraines along the same side of a single valley. We found the technique non-
discriminating, but as with SBF this may again result from too few counts to
eliminate internal variation in the original deposit.

(10) Split to non-split ratio: At each site, 50 boulders are classified
as split or non-split. A split boulder is one which appears to have broken
along a planar crack since emplacement, by a mechanism other than spalling.
This technique has been successfully applied in some areas 6f the Rocky
Mountains (Shroba, 1977), but failed to discriminate among deposits in the
preseﬁt study.

(11) Oxidized, to partially oxidized, to unoxidized ratio: Fifty
granitic boulders are classified on the basis of their surface discolora-
tion. An oxidized boulder exhibits total surface discoloration (commonly 10YR
hues), a partially oxidized boulder is discolored to a lesser extent in either

hue or surface area, and an unoxidized boulder exhibits no oxidation.

Weathering Criteria: Subsurface Features in Roadcuts or Hand-dug Pits.

(12) Grusified granitic boulders: Below the ground surface, boulders
with 30 cm diameter or greater are considered grusified if they exhibit
intense granular disintegration throughout. Boulders are classified as either

fresh, grusified and unoxidized, or grusified and oxidized.
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(13) Soil properties: Soil properties are measured in the field and
analyzed by standard laboratory techniques. Pits are dug along moraine crests
in places considered to be free of excessive erosion or deposition. Field
properties include horizonation, color, texture, consistence, structure, pH,
and presence of other diagnostic pedologic features such as clay films or
carbonate. Laboratory analyses are particle size distribution, percent loss
on ignition (approximate organic matter), pH, and dry color. The soil horizon
nomenclature follows Soil Survey Staff (1975) and Birkeland (1974). B horizon
denotes a color B horizon, equivalent to a cambic horizon, and Bt denotes an
increase in pedologic clay relative to the C horizon. Cox horizons are less
oxidized than B horizons and numbered successivelf with inereasing depth to
denote diminishing degrees of oxidation. Roman numerals indicate various
parent material layers. |

An extensive literature documents the usefulness of soil stratigraphy in
interbreting the Sierra Nevada Quaternary deposits (Birkeland, 1964, 1967;
Morrison, 1965; Janda, 1966; Janda and Croft, 1967; Curry, 1968, 1971;
Birkeland and Janda, 1971; Shlemon, 1971; Harden and Marchand, 1977). Our
soils data are often inconclusive and do not always support the age
differentiation of other data. This could be due to some combination of the
slow rate of weathering of granitic materials in the local climate, and the
rate of removal by erosion of the uppermost soil horizons. We presently have

no means of assessing the latter effect.

Moraine Morphology
(14) Width and slope angles: Although greatly controlled by unknown
conditions of original deposition, the general cross-sectional shapes of

moraines are measured in an attempt to describe the degree of preservation
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since deposition. The measurements taken are inner and outer slope angles,
along with crest width. Although useful in the Rocky Mountains (Miller,
1971), the measurements of this study did not produce a useful set of data for
age differentiation; perhaps a more detailed shape analysis or sampling
program is needed.

One important problem with some RD methods is that different workers
cannot produce the same numbers, even though they are trying to use the same
definition of the feature measured. We find that reproducibility between
workers varies with the RD method. Within our own group of colleagues, we are
reasonably consistent in measuring subsurface rock weathering and soil
features. However, surface weathering features are more difficult to
reproduce between workers. Therefore, all rock weathering data reported here
were collected by Burke. Birkeland collected data on some parameters, and
although his numbers differed from Burke's they resulted in the same

weathering breaks and thus, the same subdivision of deposits.

Defining a Glaciation Using RD Techniques

Once the data are collected for a set of moraines the next task is to
determine how much of a variation from one deposit to another constitutes a
glaciation, and how much constitutes a stade. People working in quaternary
stratigraphy of glacial deposits probably can be grouped into the "splitters"
and the "lumpers." Splitters would make the maximum subdivision of the
sequence, probably at the stade level, based perhaps on subtle variations in
weathering characteristics, on moraine position, and other features such as
cross-cutting moraine relationships. Many unit names might be given these

deposits, but because the variations in RD features from one deposit to the
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other are at most subtle, and cross-cutting relationships may only be of local
significance, valley-to-valley correlation can be either difficult, non-
existent, or forced. Lumpers, on the other hand, require more gross changes
in RD features before a subdivision is attempted; changes of énough magnitude
that the major breaks in soil and weathering features can be consistently
recognized by many workers from valley to valley. In this context, we are
lumpers. The major question is how great a change in RD data is needed before
we propose a new unit. No unique numerical change is adequate for all the
data collected, but for many éf the RD data on adjacent moraines we prefer a
change by a factor of two in the numerical values before considering
deposition to have occurred in different glaciations. Commonly, not all
features will double §r halve, and some will not change at all. However,
because many factors can be invoked to suggest that most of the data collected
are a minimum for the age of the till, those data of those RD methods that
give ﬁhe greatest differences between adjacent moraines might better reflect
the trqe age differences. When the data are treated in this way, we probably
‘are separating out first-order glaciations, rather than second-order .
fluctuations within first-order glaciations (Porter, 1971). It is these
first-order features that can be recognized and correlated, and therefore

deserve the assignment of formalized names.
GLACIAL DEPOSITS OF SAWMILL CANYON (N) - BLOODY CANYON
Introduction

The cross-cutting and nested morphological relationships of moraines

along Sawmill Canyon (N) - Bloody Canyon (Figs. V-2 and V-3) have long been



Figure V- 2.

Tahoe
Tenaya
Type-— v Tioga
Sawmill Mono Basin Walker Lake
Canyon-N Moraines

Moraines of the Sawmill Canyon (N)-Bloody Canyon
area, illustrating the cross-cutting relationships
of the Mono Basin and Tahoe moraines and the nested
relationships of the Tahoe and younger moraines.
Age assignments from Sharp and Birman (1963).
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Appendix B to correlate stop numbers to site numbers.



discussed (McGee, 1885; Russell, 1887; Putnam, 1949). Sharp and Birman (1663)
subdivided these moraines using semi-quantitative data into a four-old
subdivision of Mono Basin, Tahoe, Tenaya, and Tioga. This valley contains the
type locality of Mono Basin Till and one of the first Tenaya Tills deseribed
east of the Sierra Nevada crest. In contrast, Putnam (1949, p. 1291) and
Kistler (1966) recognized only Tioga and Tahoe deposits, and this is in line

with our conclusions.
Tioga Glaciation

The small sharp crested moraines along Walker Creek--the Tioga and Tenaya
of Sharp and Birman (1963)--which are superposed on the inner slopes of the
massive Tahoe moraines (Fig. V-2) ean be demonstrated by RD data to be quite
similar to each other and significantly younger than the Tahoe moraine (Fig.
V-4a and Table V-2). Weathering data are consistent between the post-Tahoe
moraines and all values ére at least one-half those for the Tahoe deposits.
The soils developed upon the two post-Tahoe moraines are nearly identical
(Figs. V-4b, 5, and 6; Table V-3). Both soils have a thin surficial layer of
ash mixed with till which in turn overlies till. Partial-size analyses show
no obvious pedogenic clay buildup; however, the very slight clay increase
toward the top of the profiles could result from weathering, or it could

reflect eolian influx. Granitic boulders are fresh throughout the soils.
Tahoe Glaciation

In order to compare the Tahoe and the Mono Basin Tills of Sharp and

Birman (1963), the following data collection sites were established: (1) Two
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are given in tables V-2 and V-3.
for site 04 on the forested portion of the major Tahoe moraine.
See Appendix B to correlate stop numbers to site numbers.

Selected RD (A) and soil (B) data for deposits in the Sawmill

Canyon (N)-Bloody Canyon area. Complete data and actual numbers

The x in (A) represents data
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Soil data for Sawmill Canyon (N)-Bloody Canyon tills.

Table V-=3.
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sites (01 and 02) (stop 3) in sagebrush vegetation on the right lateral type
Mono Basin moraine; (2) one site (04) (stop 5) in forest vegetation on the
major right lateral Tahoe Moraine; (3) one site (40) (stop 4) in sagebrush
vegetation on the same Tahoe moraine as site OY; and (4) one site (41) (stop
4) in sagebrush vegetation on a smaller Tahoe lateral moraine (Fig. V-3).
These vegetational differences are considered crucial to our interpretation of
the ages of the deposits.

If one compares certain RD data for the sage covered type Mono Basin
moraine with similar data for the forested Tahoe moraine, an apparent age
difference may be argued (Fig. V-4a). However, for reasons given below,
surface RD data should be compared only when collected under similar
vegetation. The best comparative data in this study are for non-forested
conditions. Indeed, comparisons of RD data collected from comparable sage-
covered sites on Mono Basin and Tahoe moraines suggest that the age difference
between these landforms is not great, in spite of their pronounced cross-
cutting relationships. We believe that spalling related to past forest fires
could e%plain the different values derived for forested and sage-covered sites
along the Tahoe moraine. As has been suggested by Blackwelder (1927) and
demonstrated in stratigraphic studies by Birkeland (1973) and Meierding
(1977), forest fires limit the usefulness of comparing surface weathering data
between forested and non-forested areas. The atypical weathering data of the
forested Tahoe moraine is probably due to the freshing effect brought about by
the spalling of boulders during ancient forest fires. This is supported by
the high probability of a past fire history along the eastern Sierra Nevada
(Schroeder and Buck, 1970).

Subsurface data do not suggest a great difference in age between the Mono

Basin and Tahoe Tills. The post-Mono Basin soil has been discussed previously
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by Birkeland and Janda (1971), and they stated that it does not have
properties which indicate a greater age than the nearby post-Tahoe soil
(Birkeland and Janda, written communication in Wahrhaftig and Sharp, 1965, p.
84). The data here suggest that soil development in both Mono Basin and Tahoe
Tills is minimal. One post-Mono Basin profile (site 01) exhibits a very
slight clay increase in the B horizon, but the other does not (Fig. V-4b).

For comparison, the soil in Tahoe Till also has a vefy slight clay increase in
the A and B horizons, relative to the Cox horizons. These clay increases are
believed to represent some combination of eolian influx and in situ
weathering. Neither the Mono Basin nor Tahoe Tills have good exposures;
however, the soil pit of site 02 on the Mono Basin moraine has a 50 cm boulder
which is totally grusified and weakly oxidized, and smaller boulders in both
moraines are commonly grusified. Thus, because both Tahoe and Mono Basin
deposits have weak s¢il development and partial grusification, the deposits
cannoﬁ be differentiated on the basis of subsurface parameters.

The morphology of the Mono Basin moraines appears to be the only criteria
which may support a significant time difference between Mono Basin and Tahoe
deposits. Although slopes are similar, the Mono Basin moraine has a wider
crest than the Tahoe moraine (Table V-2). In addition, a skyline profile of
the two moraines (Fig. V-T) shows the Mono Basin moraines to have less relief
than Tahoe moraines, and this may suggest smoothing with time. In summary,
whereas some morphologic data suggest a time break between the Mono Basin and
Tahoe moraines, our RD and soil data do not adequately demonstrate two
mappable units.

Two other lines of reasoning deserve mentioning for they have been used
to support a relatively large hiatus between the times of Mono Basin and Tahoe

deposition. One line of reasoning .is the time reportedly needed for Walker



Figure V-7,

Mono Basin

_Skyline profile of the Mono Basin and Tahoe moraines

as defined by Sharp and BirTman (1963). The photo was
taken from the right lateral Mono Basin moraine, Walker
Creek lies beyond the Tahoe moraine.
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Creek to breach the left lateral Mono Basin moraine so that younger glacial
advances went to the northeast rather than following the path of Mono Basin
jce. Sharp and Birman (1963, p. 1084) state: "That the Tahoe laterals are
superimposed across the upper ends of the abandoned moraines of Sawmill Canyon
is adequate testimony to a considerable age difference." We would like to
suggest that moraine breaching could be accomplished while ice occupies the
valley, thus allowing ice-marginal streams to overtop and cut through‘lateral
moraines. After the ice snout retreated above the Tahoe breach, readvance
could be channeled to the northeast. A second line of reasoning proposed by
Curry (1968) and Clark 1972) suggests enough time to allow for a vertical
fault motion of about 120 m (Curry) and 60 m (Clark) between Mono Basin and
Tahoe deposition. The evidence for postulated faulting is indirect, and the
time required for the proposed offset is unknown. The latter line of
reasoning is expressed in more detail by Clark (Chapter VI, this guide

book). As important as these lines of reasoning are, we do not feel they are

presently as conclusive as our RD data for delineating separate mapping units.

Discussion

The RD data given here suggest that only glacial deposits of two
different ages are present. The confidence of this statement is strengthened
by the fact that most of the data collected seem to point to the same
conclusion. Confidence would be increased, however, if we had more data on
subsurface granitic clast weathering. The previously mapped Tenaya seems best
included with the Tioga. There is, however, more of a problem with the Tahoe
and the Mono Basin. If both are studied under similar vegetation covers,'they

are quite similar; they only look dissimilar when the forested Tahoe is
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compared with the sagebrush covered Mono Basin. One problem though is tht
the sagebrush covered Tahoe moraines are near the terminal positions, and it
was argued earlier that clasts in these positions might be more weathered tham
clasts in lateral moraines of the same age. At the present time, we cannt
solve these arguments without extensive trenching, but we do know that fire
can be an important factor in destroying surface weathering features.
Unfortunately, the transition from forest to sage takes place at about the
same position as one might expect the "terminal" effect to show up. At the
present time, we consider the fire hypothesis to be the most plausible and so
group the Mono Basin and Tahoe into the Tahoe Glaciation, and suggest a change
of Sharp and Birman's (1963) unit boundaries as shown in Figure V-3. The
cross-cutting relationships could, in this case, be used to show the duration

of the Tahoe instead of an indication of two different glaciations.
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CHAPTER VI

Range-front faulting: Cause of the difference in height between Mono Basin

And Tahoe moraines at Walker Creek

Malcolm M. Clark .

One unusual characteristic of the type Mono Basin moraines at Sawmill
Canyon (N), as defined by Sharp and Birman (1963) and discussed by Burke and
Birkeland (1979), is that their crests are 50 to 70 m lower than the crests of
the overriding Tahoe and Tioga moraines at similar downvalley distances (see
stops 3-MB, 5-Ta, and 7-Ti of figure V-1). Indeed, the truncated crests of
the Mono Basin moraines are at about the same elevation as the adjacent bottom
of Bloody Canyon. Along the east front of the Sierra Nevada, such a relation
is anomalous for moraines of similar downvalley extent. Range-front faulting
between the times of deposition of the Mono Basin and Tahoe moraines seems to
be the most likely cause of this anomaly (Curry, 1968, p. 42X; Clark, 1972).
This hypothesis suggests, but does not require, a lengthy interval between the
deposition of the Mono Basin and Tahoe moraines at Walker-Creek.

The geometry of these moraines is unusual on the east slope of the Sierra
Névada. Adjacent crests of lateral moraines deposited from most glaciers of
similar extent (such as Tahoe and Tioga) on the east slope are within roughly
15 m of the same elevation except near a terminus; where differences in
elevation exist, Tahoe crests are generally higher than the Tioga crests.
These small height differences between Tahoe and Tioga moraines are an
expectable result of the quasiplastic behavior of ice (which causes successive

glaciers in the same channel to differ only slightly in thickness, regardless



of extent) and of the fact that Tioga glaciers of the Sierra Nevada were
generally 80 to 90% as extensive as Tahoe glaciers (Clark, 1967, Table 3).
Among the Tioga-Tahoe moraines that display these height-extent relations are
those at Rock, Reversed, Lee Vining, Virginia, Green, Robinson, and
Molybdenite Creeks, on the Little Walker River, and at Fallen Leaf Lake.
Because the Mono Basin moraines of Sawmill Canyon (N) resulted from a glacial
advance inter-mediate in extent between the Tioga and Tahoe advances and have
about the same gradient as the Tahce and Tioga moraines, thelir relative
position--more than 50 m lower than the adjacent Tahoe and Tioga crests—-
indicates that something unusual has happened

Analogous relations between moraines at Pine, McGee, and Parker Canyons
suggest an explanation for the situation in Sawmill Canyon (N}). Although
these canyons do not contain recognized Mono Basin moraines, at each canyon
Tioga_moraines show the same anomalous relation to Tahoe moraines as the
Tahoe-Tioga moraines of Bloody Canyon do to the ad jacent Mono Basin
moraines. At each of these canyons Tioga moraines are higher than the
ad jacent, more extensive Tahoe moraines--by 35 m at Pine and Parker Creeks,
and by 50 m at McGee Creek. At Pine and McGee Creeks, the explanation seems
simple: post-Tioga normal faulting along the range front has clearly offset
Tioga moraines by 13 m at Pine Creek and by 25 m at McGee Creek. If
displacement alse took place across the same faults during the period between
the Tahoe and Tioga glaciations, this displacement would account for the
unusual elevation of the Tioga above the Tahoe ecrest (Ciar‘“k7 1972). Figure
VI-1 shows how range-front faulting could cause younger glacial advances (such
as the Tioga) to deposit moraines abové older, larger moraines (such as thé

Tahoe) on the downthrown block
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Although the moraines in Parker and Bloody Canyons show no obvious
evidence of Holocene faulting, a fault that indicates Quaternary activity
crosses both canyons along the range front (Kistler, 1966). Late Pleistocene
displacement on this fault could account for the anomalous elevation of the
Tioga above the more extensive Tahoe moraines at Parker Creek. From 50 to 70
m of displacement on this fault between the times of deposition of the Mono
Basin and Tahoe moraines could also account for the present elevation of the
Tahoe above the Mono Basin moraines of Sawmill Canyon (N). This hypothesis
explains the similarities in length, width, and slope and the dissimilarity in
height between the Tahoe and Mono Basin moraines at Walker Creek. In
addition, landsliding, deposition, or displacement related to faulting couid
supply the mechanics for diversion of the Tahoe glacier in Bloody Canyon away
from the earlier course of the Mono Basin advance down Sawmill Canyon (N).

Although the 50 to 70 m of fault displacement at Walker Creek suggests a
lengthy intervai between deposition of the Mono Basin and Tahoe moraines, it
does not require that they derive from different glaciations. The Holocene
displacement rate of 25 m in 10,000 yr. at McGee Creek, for example, would
produce the offset at Walker Creek in 20,000 to 30,000 yvears. This time is

shorter than many current estimates for the duration of a glacial period.
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CHAPTER VIII
Roadlog from Mono Lake to Green Creek
R. M. Burke

This short note is to provide limited roadside viewing information
between the campsite on Mono Lake and stop 8 in the Bridgeport Basin. As with
Chapter IV, this is not intended to be a thorough roadside geologic guidebbok,
but rather a quick comment on some of the more prominent_features. The route
is primarily seen on figure VIII-1 with the northern part on figure XI-1.

As we leave the Mono Lake campground and proceed toward highway 395, Mono
Lake, the tufa mounds of Mono Lake, and the obsidian domes of Mono Craters
dominate the view. A summary of Mono Lake is presented in Chapter VII.

‘The origin of the tufa deposits has ben discussed in some detail by Dunn
(1963). After demonstrating that the waters of Mono Lake are essentially cA**
free,hhe concluded "that much of the tufa lining the shores of alkaline lakes
which is often attributed to algae or to wave agitation (with loss of 002) is
probably formed as the result of mixing waters." That is, cold spring water
approximately saturated wth CaCo3 are rising into the Ca*t free warmer lake
water and resulting in precipitation of the tufa mounds because the ca**
"eannot exist in water of the composition found in Mono Lake". He also
considered other factors that work in the right direction for tufa mound
buildup: (1) the higher temperatures in the lake relative to spring waters
causing a decrease in CaCo3 solubility, (2) algal action, an important
inducement to initial precipitation according to Scholl and Taft (1964), and

(3) pH charges. A combination of these factors has apparently attributed to

these towers marking the former lake levels.

Al
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There is an extensive literature dealing with many phases of the Mono
Crater. This literature has been concisely summarized by Wood (1977) and
should be consulted for specific details. The available literature is diluted
here to a few general statements. The Mono Craters occupy the northern
portion of the fracture zone extending from the Long Valley caldera and along
the Inyo Crater chain. Between our campsite and highway 120 are Panum Crater
and an adjacent vent, both sources of tephra that has been dated frém only a
few hundred years (Wood, in prep.). The oldest exposed Mono Crater dome is,
at most, a few tens-of-thousands of years old. The composition of these dbmes
and flows is generally rhyolite. The eruptive sequence resulting in one of
the Mono Crater forms is summarized by Wood (1977) from his work and the
earlier literature; he states "The initial stage forms an explosion crater
rimmed by tephra. This is followed by extrusion of a dome on the crater
floor, and, if extrusion continues; it overflows the tephra rim to form a
coulee that may extend several kilometers from the vent." (Wood, 1977,

p. 89). Tephra layers from these volcanic centers help to date Holocene

deposits within the Sierra Nevada and Great Basin.
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Intersection of highways 395 and 120 (to the west--Tioga Pass
turnoff) for those people needing gasoline, you should buy it in Lee
Vining. To the north, stations may be closing before the trip
terminates. We will regroup on Conway Summit (mile 13.0) prior to

our first stop of the day.

The faulted Tahoe moraines of Lundy Canyon-Mill Creek are visible
straight ahead. .

Visible for the next few miles are lacustrine deposits of Lake
Russell, alluvial fans and debris flows from the Sierras, shorelines
carved by Lake Russell, and tufa deposits--some left as horizontal

bands outlining the former shoreline.

The crystalliné bedrock is the Granitic Rocks of Rattlesnake Gulch
which is a granite body grading locally into quartz monzonite and
granodiorite (Chesterman and Gray, 1975). Note the excellent

1)
examples of tor-like features.

Deeply eroded exposures of granitic bedrock and an abundance of tor-

like features can be seen.

This is a beautiful overview of Mono Lake and Mono Basin from which
many of the previously discussed features can be observed. The
parking area on the left side of the highway can be dangerous to get
inte when headed north. For those people desiring a quick camera |

stop, I recommend you proceed up the hill, turn around safely and
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return to this vantage point. We will regroup on Conway Summit (mile

13.0) prior to our first stop of the day.

To the right is a most impressive cut into Sherwin(?) till and

interbedded glaciofluvial deposits (Sharp, 1972).

Conway Summit. We will stop here to regroup prior to proceeding to
stop 8 in the Sherwin(?) till.

For the next 5 miles, roadcuts will be in Sherwin(?) deposits, and
Tertiary Rocks of the Rancheria Tuff Breccia. Tahoe moraines can be
seen along of Virginia Creek (paralleling highway 395) and the
plateau-like surface to the west of Virginia Creek is Sherwin(?)

till.

Stop 8 to view soil formed in Sherwin(?) till (Chapter IX and X, loc.

3).
Intersectin of Bodie turnoff. Roadcuts on either side of the road
are in dacite of the Willow Springs Formation dated at about 8 m.y.

(M. L. Silberman in Chesterman and Gray, 1975).

Turn off to Green Creek and stops 9-12.



63

CHAPTER IX

Soils and subsurface rock weathering features of Sherwin and pre-Sherwin

glacial deposits, eastern Sierra Nevada, California

by
P. W. Birkeland and R. M. Burke

Soil development and subsurface rock weathering of Sherwin and pre-
Sherwin Tills were studied in the Sherwin type area and near Bridgeport,
California to determine useful characteristics for distinguishing these
deposits from those of Tahoe age, and to test these characteristics as tools
of correlation. Comparison of stable surface sites indicates that soils
formed in Sherwin Till have much better developed Bt horizons, than soils
formed in Tahoe Till, as shown by horizon thickness, clay content, clay films,
and redness. Grusification of granitiec clasts is about the same in Sherwin_
and Tahoe Tills, but metamorphic and volecanic clasts are much more weathered
in the Sherwin deposits. The best soil development in deposits mapped as
Sherwin is near Bridgeport, but correlation with the type area remains
uncertain. Soils formed in the type Sherwin Till are less developed than
those near Bridgeport, probably because the soils are younger, having formed
on an exhumed surface since the erosion of the overlying Bishop Tuff. Data on
a buried soil in the upper part of the type Sherwin Till, overlain by the
Bishop Tuff, help confirm Sharp's (1968) estimate of the age of the Sherwin
Glaciation at about 0.75 m.y. The type Sherwin Till buries a soil formed in
still older till exposed in Rock Creek gorge, and a minimum time for the

latter soil to have formed is estimated to be about 100,000 years.
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INTRODUCTION

This study was intended to contribute more information on the use of
relative dating methods to subdivide tills in the central part of the eastern
Sierra Nevada, Californa. Much of the work in the Sierra Nevada has focused
on the differentiation of Pleistocene tills with morainal form. From younger
to older, this sequence of tills has been named Tioga, Tenaya, Tahoe, Mono
Basin and Casa Diablo. We recently have reexamined this till sequence using a
variety of relative dating methods, and suggest that the above 5-fold sequence
can usually be simplified to a 2-fold sequence of major advances termed Tioga
and Tahoe (Burke and Birkeland, 1979). The latter terminology is applied
here. The data most useful in the above work are collected on surface and
subsu?face rock weathering features; features of soil development proved
rather disappointing in subdividing the deposits. In this paper we examine
the methods useful in the differentiation of Tahoe deposits from pre-Tahoe
deposits. Because surface rock weathering features are quite advanced in
Tahoe deposits, and in places the data overlap with that for Sherwin and pre=
Sherwin tills (e.g. Sharp, 1969), we concentrated on subsurface rock
weathering and soil morphology. Our goals were: (1) to identify criteria that
would clearly differentiate Tahoe deposits from pre-Tahoe deposits; and (2) to
see if the relative dating data could be useful in subdividing and correlating
pre-Tahoe deposits. The emphasis was on field criteria backed by relatively
simple laboratory analyses, so that these could be easily infegrated into a
mapping program. We feel we have been.successful in goal (1), but only have
had limited success in goal (2). Furthermore, the basic conclusions here

differ little from those presented earlier by Sharp (1968, 1972); indeed, they
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support his work and add more quantitative data to those presented by him. It
should be pointed out that this study differs slightly from an earlier one
with somewhat similar goals (Birkeland and Janda, 1971), in that the soils are
here described in more detail, and we were able to locate sites that display
stronger soil development.
Study Area

For this study we selected what we consider to be the key exposures of
Sherwin and pre-Sherwin till in the central part of the eastern Sierra
Nevada. Although much of the area was reported on by Blackwelder (1931), the
detailed work defining the key sites has been done by Sharp (1968, 1972). 1In
Rock Creek drainage (Fig. 1) at the type locality of the Sherwin Till, the
study sites include surface and buried soils formed in the Sherwin Till and a
buried soil formed in a pre-Sherwin till. Near Bridgeport, two surface soils
formed in Sherwin or pre-Sherwin till, or till-like deposits, were studied in
the Green, Dunderberg and Virginia Creeks drainages.

Environmental Setting

The factors important to soil formation in this region have been given-by
Sharp (1968, 1972) and Birkeland and Janda (1971), so they are only briefly
summarized here. Rock type varies from predominantly granitic lithologies in
the Rock Creek area to granitic and metavolecanic lithologies, with some
andesite, in the Bridgeport area. Vegetation is generally sagebrush and short
grasses. Mean annual precipitation varies from about 24 em in the Rock Creek
area, to 32 cm or slightly higher in the Bridgeport area, with most of the
precipitation coming during the fall and winter months. Mean annual

temperature is about 7-8° C,
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Ages of Glacial Deposits

The ages of eastern Sierra Nevada glacial, deposits have been reviewed
recently by Birkeland and others (1976) and Burke and Birkeland (1979), the
data essential to this study is repeated here. Tioga Till probably was
deposited between 10,000 and 30,000 BP. Tahoe Till is considered to be
intermediate in age between basalts dated by K-Ar at 62,000 + 13,000 BP and
126,000 + 25,000 BP; the soil and weathering features could represent a
duration of about 100,000 years. The next oldest major till is the Sherwin
Till. At the type locality the Sherwin Till underlies the Bishop Tuff (Sharp,
1968), for which there is a mean K-Ar date of 0.71 my (Dalrymple and others,
1965) that is supported by zircon fission-track dating (Izett and Naeser,
1976). By adding the assumed time it took to form the soil in the till buried
by the tuff to the age of the tuff, Sharp (1968) put the age at about 0.75
my. A still older diamicton of probable galcial origin in the same area has

been called the McGee Till, and it rests on a basalt dated by K-Ar at 2.6 my.

RESULTS

Soils formed in Tahoe and Tioga Tills

As a point of reference for this study, we first will briefly describe
the post-Tahoe and post-Tioga soils and sub-surface rock weathering. Soils
are weakly to moderately developed in tills considered by us to be of Tahoe
age, and in general the soil descriptions follow those of Birkeland and Janda
(1971). The soils are usually oxidation profiles with subdivided Cox
horizons; perhaps some horizons would meet the color or textural requirements
of a cambic B horizon (Soil Survey Staff, 1975), but in our opinion most would

not. The soil formed on the Casa Diablo Till at the type locality considered
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to be of Tahoe age (Burke and Birkeland, 1976), has a moderately developed Bt
horizon that meets the criteria for an argillic horizon (Soil Survey Staff,
1975). Granitic clasts commonly are grusified within the post-Tahoe soil
profiles, and in places grusified clasts occur beneath the profile in the Cn
horizon. In addition, many grusified clasts near the surface are oxidized to
brownish colors. In contrast, although post-Tioga soils can have oxidation
profiles similar to those of post-Tahoe soils, no Bt horizons have been

located and granitic clasts usually are not weathereed.

Pre-Sherwin buried soil in Rock Creek gorge

Sharp (1968) reported on a locality in Rock Creek gorge in which it
looked as if Sherwin Till overlay an older till, with a deeply weathered
reddish zone developed in the upper part of the buried deposit (loc. 4, Fig.
1). 'He favored the idea that the reddish zone was a buried soil, and
speculated that the lower till might be McGee in age. Our interpretation is
in clése agreement with that of Sharp.

The red weathered zone hés all the attributes of a buried soil (Working
group on the origin and classification of paleosols, 1971; Valentine and
Dalrymple, 1976). The overlying Sherwin Till has an unoxidized matrix,
grusified but not oxidized granitic clasts and is in sharp contact with the
underlying weathered zone. In contrast, clasts within the underlying
weathered zone are grusified and oxidized brown, a feature common to soils
formed in Tahoe Till. There are two buried Bt horizons within the weathered
zone that are recognized on the basis.of color, slight increases in clay
content relative to the underlying Cox horizons, and clay films (loc. L, Tablé'

1). We do not know why there are two buried B horizons; that is, (1) were
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there two periods of till deposition separated by soil formation, or (2) is
the upper B horizon the result of colluviation of a thick soil not exposed in
the cut. The outcrop is too limited to give a good answer. The B horizons do
not meet the criteria for an argillic horizon (Soil Survey Staff, 1975), for
even though they possess clay films, the differences in the percent clay
between the B horizons and the Cox horizons are less than 3 percent. We
realize that this is a change in the definition of the argillic horizon
because the A and B horizons are to be compared on clay content. Buried
soils, however, rarely have A horizons preserved, so comparison of A and B
horizons is impossible. Our suggestion in these cases is to apply the same
clay~-increase criteria to the B and C horizons if one can be reasonably
certain that the C horizon material approximates the parent material for the B
horizon..

The above properties for the reddish weathered zone are distinctly
pedological in origin rather than being features, such as ground-water
alteration, attained after burial by Sherwin Till. The weathered zone thus
points to a hiatus of consideraﬁle duration between deposition of the two
tills. A minimum time for the hiatus probably is the time that has elapsed
between deposition of Tahoe Till and the present, perhaps 100,000 yr. Any
more detailed age assignment is unwarranted, because position in the landscape
stfongly influences soil development, and the position of the buried soil in

the paleo-landscape is unknown.

Soil in type Sherwin Till

In an earlier study (Birkeland and Janda, 1971), a Bt horizon was not

recognized in the type Sherwin Till. The site for that study was west of Rock
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Footnotes to Table IX-1

Parent material layering (I, II, etc.) is recognized on abrupt particle-
size variation, that is considered to be of geologic origin, in either
the gravel or non-gravel content. Colors are for dry, sieved ( < 2mm)
samples. Particle-size classes follow the U.S.D.A. Gravel percent, It
is a visual estimate, by volume, determined in the field. Organic matter
is weight loss at 450°C for 2 hours, with a correction for
crystal-lattice water loss. pH was taken with a soil:water ratio of
1:2.5. Soil horizon nomenclature for Cox and Cn horizons follows
?irke;and (1974), and clay film description follows Soil Survey Staff
1951).

2/ Soil described and collected in roadcut 0.5 km south of the bridge over
Rock Creek along the Sherwin Grade, at the boundary between sections 11
and 12, T. 5 S., R. 30 E., Casa Diablo Mountain, California 15-minute
quadrangle. Description is for the northern part of the southern of

2 outcrops of "old red till" of Sharp (1968, fig. 8).

Remarks: The Cn is Sherwin Till, and included granitic clasts are
weathered flat-to-the-face, and are virtually unoxidized (10YR 6/1). In
contrast, boulders to 144 cm depth in the buried soil are grusified
throughout and oxidized (maximum oxidation color: 7.5YR 6/8). Grusified
granitic clasts are slightlyoxidized in the IIICoxb horizon. Clay films
are few and thin in the IIB2tb horizon, and common and moderately thick in
the IIIB2tb. IIICnb collected 18 m south of the rest of the profile, south
of the fault shown by Sharp (1968, fig. 8); granitic clasts there are fresh.

3/ 5541 described and collected in shallow artificial cut at the summit of
hill x7264 feet, in the center of section 1, T. 5 S., R. 30 E., Casa
Diablo Mountain, California 15-minute quadrangle.

Remarks: Vegetation is sagebrush and short grasses with some pition pine.
Included granitic clasts are grusified and oxidized. Clay films in the
B2t are common and moderately thick, and seem to be less common in the B3t.

& Soil described and collected in the large west-facing roadcut of the
southbound lane of U.S. Highway 395, 1.6 km southeast of the Little Pumice
Cut of Sharp (1968, fig. 1), and just north of the connecting lane between
the south- and northbound lanes of the highway. NW 1/4 of Section 12,

T. 55S., R. 30 E., Casa Diablo Mountain, California 15-minute quadrangle.

Remarks: Vegetation is mainly sagebrush and short grasses. Granite clasts
are grusified throughout, those in the soil are oxidized, whereas those

in the Cn till are not. Clay films in the Bt horizons are moderate to few
and thin.
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5/
Soil described and collected in the Big Pumice Cut of Sharp (1968, figs.
1 and 3), 17 m west of the first occurrence of Sherwin Till in the cut.
SW 1/4 of Section 34, T. 4 S., R. 30 E., Casa Diablo Mountain 15-minute
quadrangle.

Remarks: Parent material I seems to be colluvium, II and III are till.
Many granitic clasts throughout the cut are grusified and those in the upper-
most 4 m of the till are oxidized to 2.5Y 6/3.

5/ Soil described and collected at "old red soil" Tlocality shown in Figure
6 of Sharp (1972), south-central part of Section 34, T. 4 N., R.
25 E., Bodie, California 15-minute quadrangle.

Remarks: Vegetation is sagebrush and short grasses. Clay films in the B2t
are abundant, thick, and 2.5YR 6/3 (moist).

1 Soil described and collected from roadcut about 0.1 km north of where
the 7200-foot contour intersectd U.S. Highway 395 in Section 35,
T. 4 N., R. 25 E., Bodie, Glifornia 15-minute quadrangle. A power line
crossed the highway here in 1975. Uppermost 100 cm of soil was described
in a roadcut along the abandoned road just east of, and parallel to,
U.S. Highway 395, and the rest of the soil described in U.S. Highway 395
roadcut.

Remarks: Vegetation is sagebrush and short grass. Granitic clasts are
grusified and oxidized throughout the soil and they have a maximum oxidation
color of 10YR 6/8. The percent of grusified stones decreases with depth.
Many metamorphic and volcanic clasts can be cut through with a pick. Clay
films in the Bt horizon are common and moderately thick. The subordinate
horizon nomenclature below 100 cm depth reflects various sampling intervals.
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Creek in till mapped as Sherwin by both Blackwelder (1931) and Sharp (1968) .
The soil was sampled at as high an altitude as possible to reduce the
possibility of the site having been once buried by the Bishop Tuff. -The fact
that a Bt horizon was not found probably can be ascribed to erosion at the
site.

In this study we sampled two surface soils formed in the type Sherwin
Till. One soil (loec. 5, Fig. 1) is at an altitude slightly below the top of
the Bishop Tuff located 1 km to the north. However, because Sharp (1968) maps

a patch of pumice northeast of and only 20 m lower than the soil, chances are
.good that Bishop Tuff did cover the site. The soil, therefore, most likely
reflects pedogenesis in the exhumed till since removal of the tuff. The soil
has a strongly developed Bt horizon (loc. 5, Table 1), which would be classed
as an argillic horizon because the. clay content in the Bt is nearly twice that
in thg Cox horizon. Granitic clast weathering is typical for deposits of
Tahoe age or older.

The other surface soil (loc. 6, Fig 1) is a site that was also buried by
the Bishop Tuff, so pedogenesis is mainly that since erosion of the tuff. -
This soil (loc. 6, Table 1) has many properties in common with that described
above for the locality 5. In particular, the combination of B horizon
thickness, clay content of the Bt horizon relative to the C horizon, oxidation
colors, and weathering of granitic clasts are quite similar at both sites.
This similarity could mean that: (1) both soils have formed for a similar
length of time since removal of the tﬁff; or (2) it is an artifact of erosion
at only one site; or (3), the soils are approaching steady-state conditions in
development and they would look similar despite a great difference in age.

For reasons to be given later, it is unlikely that steady-state conditions can

be demonstrated for these soils. Their similarity probably is a function of
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the time since the till was exhumed from beneath the tuff, in addition to
subsequent erosion.

These soils can be put into a time framework with respect to the other
soils already discussed. B-horizon development exceeds that of soils in Tahoe
Till, so the duration of time necessary to form theﬁ probably exceeds 100,000
years. Comparing the surface soils in Sherwin Till with the buried soil in
pre-Sherwin till in Rock Creek gorge, there is better textural development in
the former but better color development in the latter. At present we cannot
make any time discrimination between the development of reddish color versus
that of clay buildup for these three sites. We suspect that clay content
might be the better indicator of age, and thus the two surface soils in
Sherwin Till would have required longer periods of time to form than the
buried soil in Rock Creek gorge.

A buried soil in the type Sherwin Till at the contact with the overlying
Bishop Tuff also was studied. Sharp (1968), studied these relationships in
detail and concluded that the character of the buried soil was intermediate
between that of post-Tioga and post-Tahoe soil. From this he concluded that.
the Sherwin Till weathered for'a few tens of thousands of years before being
buried by the tuff; thus, he put the age of the Sherwin at about 0.75 my. We
studied the Little Pumice Cut of Sharp (1968, Fig. 6) and found the soil
relationships not to be clearcut, so concentrated our efforts on the buried
soil in the Big Pumice Cut of Sharp (1968 Fig. 3; loc. 1a, Fig. 1, this
study).

The buried soil exposed in the Big Pumice Cut is essentially a weakly
oxidized Cox profile slightly over 2 m thick (loec. 1a, Table 1). The
oxidation colors are less intense that those for many profiles in both Tioga

and Tahoe Tills. The granitic clast grusification, however, seems to be as
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well developed as in many exposures of Tahoe Tills. Hence, the suggestion of
Sharp (1968) that this soil seems to have properties intermediate between

those formed in Tioga and Tahoe Tills seems Jjustified.

Soils in Sherwin (?) Till near Bridgeport

Soils formed in the pre-Tahoe tills of the Virignia, Dunderberg and Green
Creek drainages are the most strongly developed soils encountered in this
study. Sharp (1972) tentatively grouped these tills with the Sherwin, but
queried the designation because correlation with the type locality is
uncertain. The soil at locality 14 (Fig. 1) is the "old red till" of Sharp
(1972), and that at locality 3 (Fig. 1) was previously studied by Birkeland
and Janda (1971; soil samples 8 and 43), and by Sharp (1972) who considered
the parent material to be outwash.

Both soils are characterized by Bt horizons with the highest clay
contents, the best developed clay films, and the reddest hues in the study
area (locs. 14 and 3, Table 1). In addition, the weathering of subsurface
clasté in the soil at locality 3 is extreme. The main difference between
these two soils is a thinner ﬁt horizon at locality 14, but this could be due
more to erosion than to a difference in age. Locality 3 is the more stable of
these two sites, and this is reflected by the depth to which the B2t and B3
horizons extend. We were not able to definitely determine the parent material
for the soil at locality 3, but the high clay content seems to rule out a
well-sorted fluvial deposit; however, a mudflow origin cannot be ruled out.

Of the soils examined along the central part of the eastern Sierra Nevada by
Birkeland and colleagues over the past 16 years, these seem to be the best

developed soils formed in till or till-like deposits.
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CONCLUSTONS

The soil data presented confirm many of the findings of Sharp (1968,
1972), and add some quantitative soil data as supportive material. The soil
formed in the Sherwin till buried by the Bishop Tuff and exposed in the Big
Pumice Cut (loec. 1a), may only have required a few tens of thousands of years
to form, in support of Sharp's (1968) suggested age of about 0.75 m.y. for the
Sherwin Glaciation. The weathering of granitic clasts at the same site may
argue in favor of a longer time for the hiatus, but some of the grusification
could postdate the emplacement of the Bishop Tuff. Strongly developed surface
soils formed in Sherwin Till at the type locality (loes. 5 and 6) are similar,
perhaps because of similar pedological and erosional histories since removal
of the Bishop Tuff. Steady-state arguments probably cannot be invoked to
explain the similarity in these two profiles because soils farther north near
Bridgeport are much better developed. The soils near Bridgeport are the best
developed for the area. The reason for this could be that: (1) they
repreéent the total development expected for reasonably stable sites over 0.75
m.y.; or (2) the material in wﬁich they formed could be pre~Sherwin in age; or
(3), the presence of voleanic, metavolecanic and other metamorphic lithologies
could increase the rate of clay formation and red-color buildup relative to
that for soils formed in deposits of predominantly granitic lithologies.
Hence, we agree with Sharp®s (1972) call for caution in the correlation among
these very old deposits on relative age dating criteria. The oldest soil
studied could be the buried soil in Rock Creek gorge. Sharp (1972) remarked
on the similiarity between this latter oil and the red soils near Bridgeport
(loc. 3 and 14, this study); we disagree with this statement as the two

surface soils show many more strongly developed pedological features than does
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the buried soil. If, however, it can be shown that the parent materials for
the soils at localities 3 and 14 are pre-Sherwin, then it is possible that
these soils are the surface equivalent of the buried soil in Rock Creek gorge,
and the difference in development would then be attributed primarily to
differences in duration of exposure to soil-forming processes.

Correlation with more distant areas in California is even less certain
than within this relatively restricted area. The maximum soil development and
rock weathering reported on here have distinet similarities to those for pre-
Tahoe tills near Lassen Peak (Crandell, 1972) and Hobart Till near Truckee, if
indeed the Hobart Till can be proven to predate the Donner Lake Till (see
Birkeland and Janda, 1971, Table 1, footnote 5). For now it seems that soil
morphoiogy and rock weathering characteristies can be used to group tills into
a broad pre-Tahoe age designation, but subdivision within this grouping will
have to await detailed study of a sequence of deposits in which post-

depositional erosion can be demonstrated to be minimal.
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CHAPTER X

Preliminary remarks on chemical data for soils formed on Sherwin and

pre-Sherwin glacial deposits, eastern Sierra Nevada, California

P. W. Birkeland, A. L. Walker, and R. M. Burke

This short note is to accompany the previous paper, and add some soil
chemical data that have just recently come out of our lab. The analyses are
as follows:

a. Oxalate extract: Thought to mainly extract the amorphous and some organic
bound Fe and Al (designated Feo and Alo).

b. Dithionite extract: thought to extract the total free Fe and Al
(erystalline, amorphous, and organic bound; designated Fed and Ald).

c. Phosphorous fractions: in sulfurie acid extractable-Pa (in apatite and
sorbed at oxide surfaces), and organic bound-P .

The expected trends are for Fe and Al fractions to build up with time, .
and for P, to increase with time at the expense of Pa‘ Ideal trends are not
always obtained; in fact the only good trend is in Fed. Some preliminary
conclusions can be made (Table X-1 and Figure X-1, X-2, and X-3):

1. The soil formed in the Sherwin Till, buried by the Bishop Tuff (loc. 1a,
Chapter IX) exhibits few trends, and is thus similar to soils formed in
Tioga and Tahoe Tills.

2. Relict soils formed form Sherwin Till at the type locality (loes. 5 and 6,
Chapter IX) also do not show very gtriking trends, especially for soils

considered to be that old.
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Table X-1: Chemical data for soils formed on Sherwin and pre-Sherwin glacial deposits

Field Tocality* Horizon Feo Fed Alo Ald Pa Po
Buried soil 1in Cn .18 .40 .05 .03 36.4 0.4
pre-Sherwin till, I11B2tb .06 1.01 .07 .07 5.3 5.5
Rock Creek IICoxb .06 .56 .06 .04 3.7 2.8
Gorge 111IB2tb .06 64 .07 .05 12.5 2.2
(Toc. 4) I1ICoxb .04 .58 .07 .04 61.8 --
IIICnb .03 .54 .07 .04 65.4 1.8
Type Sherwin Till B2t .08 .34 .09 .04 40.7 3.4
(1oc.5) B3t .10 .35 .10 .04 38.1 3.7
Cox +05 .34 .08 .02 41.7 2.2
Type Sherwin Till A .10 .31 .08 .05 35.2 7.0
I1IB1 .08 .33 .08 .04 29.2 6.6
(loc. 6) . IIB2t .07 .41 .08 .04 40.9 5.9
[1B3t .04 .36 .07 .03 38.0 5.0
ITICTox .05 .54 .07 .01 42.2 4.4
I1IC20x .04 .28 .06 .01 46.7 --
II1IC30x .09 2.02 .06 .02 34.8 15.0
IIICn .03 .30 .06 .03 58.6 --
Type Sherwin Cloxb .03 .22 .05 .04 20.5 4.8
(buried by Bishop C2oxb + IIC2oxb .05 .21 .05 .03 16.6 3.6
Tuff), I1C30xb 43 .20 .05 .04 18.8 4.6
Loc. 1a) IICnb .02 .14 .02 .02 18.0 0.4
Sherwin Till B2t 07 352 A1 =12 4.1 1h.2
(loc. 14) B3 . .02 16 .07 .09 2.2 o 4
Sherwin(?) Till A 1 .78 .07 .05 27.6 10.3
B1 o1 .38 .08 .03 50.9 --
(loc. 3) I11B21t .10 1.10 .13 .09 8.2 21.]
11B22t 09 1.21 .1 .00 113 174
11B23t .08 .86 .12 .09 23.3 16.5
11B24t .08 .85 .12 .09 19.3 16.4
I1B31 .09 .77 .10 .09 23.6 17.1
11B32 J2 1.31 .10 .12 38.0 9.6
11B33 e A i U | TS |7 S 8.7
11B34 06 1.43 .10 14 23.8 11.2
ITICTox .03 1.10 .09 .09 4.3 21.2
ITIC20x .05 .82 .11 .09 4.9 14.8
ITIC30x .05 1.27 .08 .12 18.9 9.9

* Numbers are keyed to figure IX-1.
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Oxalate (Feo)— and dithionite
(Fed)—extractable Fe trends with
depth for soil developed in
Sherwin (?) glacial deposit.
Magnetics have been removed.
Locality is keyed to figure IX-1.
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Oxalate (Al,)- and dithionite (Aly) -
extractable Al trends with depth for soil
developed in Sherwin (?) glacial deposit
Magnetics have been removed. Locality

is keyed to figure IX-1.
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Figure X-3b. Acid (H,S0,)-extractable (Pa) and

loc i3

Organic-bound P (Po) trends with depth
for soil developed in Sherwin (?)
glacial deposit. Magnetics have been
removed. Locality is keyed to figure
IX-1.
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3. The data for the pre-Sherwin buried soils(s) in Rock Creek Gorge (loc. y,
Chapter IX) also do not show striking trends.

4., The best buildup is Fed for soils formed in Sherwin (?) till deposited in
the Bridgeport Basin (loes. 3 and 14, Chapter IX). This amount of buildup
seems adequate to differentiate these soils from those formed in Tahoe and
Tioga Tills.

The main conclusion here is that some soil chemical trends generally
parallel the soil morphology. That is, those soils with strongly developed'
morphology have a marked Fed pattern, whereas those with lesser developed
morphology show little, if any, diagnostic chemical trends. Hence, a
preliminary conclusion is that a good field description is not improved with
laboratory data if all one wants to do is give a general age for the
deposit. Perhaps the semi-arid climate inhibits storng or rapid chemical

differentiation.

General references for methods

McKeague, J. A., and Day, J. H., 1966, Dithionite--and oxalate--extractable Fe
and Al as aids in differentiating various classes of soils: Can. Jour.
Soil Sei., v. 46, p. 13-22.

Walker, T. W., and Syers, J. K., 1975, The fate of phosphorous during

pedogenesis: Geolderma, V. 15, p. 1-19.
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CHAPTER XI
Relative dating of the post-Sherwin glacial deposits along Green Creek
R. M. Burke and P. W. Birkeland

The majority of this chapter is taken from Burke and Birkeland (1979) and
is reporduced here with the permission of Quaternary Research and the
University of Washington. All references of this material should be made to
the original paper. The soil chemical data are recently out of our lab and
not included in Burke and Birkeland (1979). See Chapter XIII for a brief
discussion of the soil chemistry data. Figure XI-1 shows the location of
stops 8-12. Stop 8 and 12 are to view Sherwin(?) deposits which are discussed
in Chapters IX and X as localities 3 (stop 8) and 14 (stop 12). Stops 9, 10,
and i1 are to look at deposits mapped, respectively, as Tioga, Tenaya, and
Tahoe by Sharp (1972). We will use these stops to further demonstrate our use
of RD.parameters, to compare our results with that of others, and to allow you
to try your hand at correlation with the moraines studied yesterday at Sawmill

Canyon (N) - Bloody Canyon.
Introduction

The glacial deposits of Bridgeport Basin have been mapped in part by
Blackwelder (1931) and in detail by Sharp (1972). In the Green Creek
drainage, Blackwelder recognized tills of the Tioga, Tahoe, and Sherwin
Glaciations but gave little data in support of the three age assignments.

Sharp (1972), on the basis of field relationships and semiquantitative
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weathering data recognized five ages of till--Tioga, Tenaya, Tahoe, Mono
Basin, and Sherwin (Fig. XI-2), and much of this is supported by the work of

Dickinson's group (1968).

Tioga Glaciation

Two moraines assigned to the Tioga Glaciation by Sharp (1972) were
selected for our study (Fig. XI-2). Site 25 will be visited today at stop
9. The RD parameters which have been shown to delineate weathering breaks
most consistently in other valleys as well as surface oxidation data, indicate
that both sites are of the same age (Fig. XI-3a and Table XI-1).

Soils for these two moraines are similar, both being weakly developed
A/B/Cox profiles (Fig. XI-3b and Table XI-2). There is slight, if any,
pedogenic clay buildup within the profiles. Subsurface grusification is
minimal and similar between both sites (Fig. XI-4). Therefore, our data

support Sharp's (1972) Tioga age assignment to this set of multiple moraines.

. Tahoe Glaciation

Data collection sites were established along the crest of the major right
lateral Tahoe moraine (site 22. stop 11), and along two right lateral Tenaya
moraine crests near stop 10, (site 24d, Fig. XI-2). The Tahoe and Tenaya
moraines along Green Creek have similar morphology and weathering character-
isties (Fig. XI-3a and Table XI-1). These moraines are substantially more
weathered than the adjacent Tioga deposits and the RD data are comparable to

those for Tahoe moraines in other drainages.



Figure XI-2.

This study
Sharp,1972 This study
Tioga (Ti) Tioga (T
Tenaya (Te)
Tahoe (Ta)" Tohos (Ta)

Sherwin-Mono Basin-Tahos Complex(SMT)

Glacial deposits along Green Creek according to Sharp
(1972) and this study. The 'SMT"' unit is not shown on
the right hand map because not enough work was done on
it. The base map is the Bodie 15-minute quadrangle,

California. See Appendix B to correlate stop numbers
to site numbers.
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I00% Fresh

Site no. Sample size

45 42
25 78
24 72

22

24 -Tenaya

°22"Tohoe

I00% Brown Grus _ 100 % White Grus

Figure XI-4. Plot of fresh:white grusified:brown grusified subsurface
granitic clasts exposed in roadcuts in moraines along
Green Creek. Brown grus relates to stones that are both
grusified and oxidized, whereas white grus relates to
stones that are grusified but not markedly oxidized.
Brown grusification denotes a greater amount or intensity
of weathering. The names shown are those of Sharp (1972),
and the site numbers are those of this study. See
Appendix B to correlate stop numbers to site numbers.
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Data on the soil profiles of sites 24 (Sharp's Tenaya) (stop 10) and 22
(Sharp's Tahoe) (stop 11) show little variance from the pést-?ioga soils
(Figs. XI-3b,XI-5, XI-6 and XI-7; Table XI-2). The oxidation of these soils
is not substantially redder nor deeper than that of post-Tioga soils (Table
XI-1). 1In contrast, the depth of oxidation was used by Sharp (1972) to help
differentiate Tioga and Tahoe Till, but part of this variation could be that
his Tahoe Till site seems to be on a slope (Sharp, 1972, Fig. 6). Soil
profiles on both Tenaya and Tahoe moraines show intense grusification and
oxidation of granitic boulders which is very similar to Tahoe deposits in
other valleys, and very much different from that in post-Tioga soils

Discussion

‘Data collected by Dickinson's group (1968) and Sharp (1972) appear to
suggest that the Tahoe and younger glacial deposits along Green Creek record
three'separate glaciations In contrast, our data suggest that this sequence
records only two glaciations aﬁd that the Tenaya deposits of previous workers
can reasonably be considered a product of the Tahoe Glaciation (Fig. XI-3).

We do not know how to solve this dilemma of two vs. three glaciations at the
present time. It essentially comes down to comparing the different RD methods
used; that is, whether or not increasing the number of sample sites of a few
RD parameters is to be preferred over getting data from more parameters,

including that for the subsurface, on fewer sites.
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CHAPTER XII

Summary of the relative dating philosophy and the glacial stratigraphy

along the eastern escarpment of the Sierra Nevada

R. M. Burke and P. W. Birkeland

The majority of this chapter is taken from Burke and Birkeland (1979) ammd
is reporduced here with the permission of Quaternary Research and the

University of Washington. All references of this material should be made to

the original paper.

REGIONAL CRITERIA FOR FORMALLY NAMING GLACTIATIONS

‘From the work in the four study areas (Sawmill Canyon (S), Mammoth Creekc,
Sawmill Canyon (N) - Bloody Canyon, and Green Creek) we recognize that the
limited sensitivity of RD techniques only allows a delineation of first-order
glaciations, and that these in all likelihood will not delineate units of
stadial rank (Porter, 1971). For example, RD data can suggest an indis-
tinguishable closeness in the ages of moraines which by cross-cutting or
nested relationships obviously represent pulsations of the ice front. Whereas
some might argue that each pulsation is a glaciation or a stade, and give it a
formal name, we contend that the main use of names is for subdivisions of
deposits that can be consistently recognized and distinguished from other
deposits by the same and/or other worker. Thus, RD data presently provide
acceptable data upon which mapping can be carried on from valley to valley

using a formal stratigraphic nomenclature. In contrast to providing formal
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names for first-order events, second-order events can be informally designated
as older or younger, or outer and inner, and used in local sequences, which in
time may or may not be shown to correlate from valley to valley.

The question still remains, however, as to which RD data best define a
mapping unit, and how much of a difference is expected before assigning
deposits to different glaciations. The most consistent RD data are
weathering, pitting, rind development and subsurface weathering. For
different age assignments we at least expect to combine major variations in
the conditions of granitic boulders with major variations in some surface
weathering feature. If, however, soil development and subsurface
grusification both suggest an age different from surface weathering, we favor
the subsurface data and look for an explanation for the anomalous surface
data. The magnitude of change needed in surface data to recognize separate
glaciations is a doubling of at least some data. Finally, we suggest that
only two first-order post-Sherwin Pleistocene Glaciations can be demonstrated
in the four valleys studied. These are here correlated with the Tahoe and

Tioga Glaciations (Table XII-1).
Tioga vs. Tahoe Deposits

Obvious morphological differences which exist between Tioga and Tahoe are
that Tioga moraines are commonly less massive but more completely preserved
than Tahoe moraines. Along the moraine crest (Fig. XII-1), the percent of
weathered granitic boulders in Tioga deposits is generally less than 30%
compared to about 50% or more in Tahoe moraines. In no valley does the
percent pitted boulders exceed 50% on Tioga moraines, but seldom is it less

than 50% on Tahoe moraines. Pitting is fairly subtle on Tioga moraines, but
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results in grotesque boulder forms on Tahoe deposits (Fig. XII-2); in
addition, maximum Tioga pit depths are considerably less than those of Tahoe
age. Where average pit depth was measured (Sawmill Canyon (N) - Bloody Canyora
and Green Creek) it supports the Tioga and Tahoe age designation based on
other data. The percent of boulders with weathering rinds and the average
rind thickness work well for subdivision within a drainage, but overall
comparisons of absolute numbers are less useful. Mafic ineclusions in the
granitic clasts on Tioga moraines are generally weathered in relief to less
than 50 mm, whereas a relief in excess of 100 mm is common for boulders on
Tahoe moraines. Other surface RD parameters are not consistently useful in
separating the two units.

It is worth stressing that when surface RD data from the four-valleys are
grouped together (Fig. XII-1), there is an expected overlap in the values.
The important thing, however, is to compare values in a single valley. If
overlap in some data persists, one has to judge which could give an erroneous
age, given the environment. If too many surface RD data conflict in age
assignment, as at Mammoth Creek, subsurface RD data have to be considered
before age assignment is attempted.

Subsurface data also are diagnostic in subdividing the Tioga and Tahoe
deposits. The most consistent criterion is the weathered condition of the
granitic clasts, for those in post-Tioga soils generally are fresh whereas
those in post-Tahoe soils are generally grusified and oxidized to some extent
(Fig. XII-3). In contrast, few of the soil profile descriptions support the
age difference between the Tioga and Tahoe deposits. Oxidation is slightly
more intense in some post-Tahoe soils than in post-Tioga soils. Most profiles
of both ages display a slight clay increase toward the surface that could

result from a combination of primary mineral weathering and downward
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Figure XII-2. Typical appearance of surface granitic boulders on Tioga
(A) and Tahoe (B) moraines. The Tioga example is from
site 20, Mammoth Creek, and the Tahoe example is from site
41, Sawmill Canyon (N)-Bloody Canyon.
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12 em

ITB

25 cm

IICox

Cox

Figure XII-3. Typical post-Tioga (A) and post-Tahoe (B) soils. Note that in (A)
the subsurface granitic boulders are fresh whereas in (B) they are
grusified. The post-Tioga soil is developed at site 42, Sawmill
Canyon (N)-Bloody Canyon, and the post-Tahoe soil at site 22,
Green Creek.
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translocation of eolian fines; it is doubtful a pattern that is so consistent
can be solely due to parent material variations. Bt horizon development did
help in discriminating the Casa Diablo Till from the younger tills in Mammoth
Creek. If the tentative correlation of Casa Diablo deposits with Tahoe
deposits is correct, the implied rate of development of the textural B horizon
in this soil is matched only by that of a buried probably post-Tahoe soil in
the eastern Carson Range along the Reno-North Lake Tahoe road (illustrated in
Birkeland, 1974, Fig. 8-10). Soil clay mineralogy has previously been shown
to be an ineffective tool for stratigraphic age assignment of many of these

deposits (Birkeland and Janda, 1971).

The Problem of the Tenaya and Mono Basin

Before this study, considerable debate has focused on the question as to
where the Tenaya Glaciation of Sharp and Birman (1963) best fits in the
glacial sequence of the eastern Sierra Nevada. The date of Sharp and Birman
(1963), Birman (1964), Sharp (1969, 1972)/ and Dickinson's (1968) group show
the Tenaya to be separable from both the Tioga and the Tahoe. On less data
than those presented by the above workers, others have suggested that deposits
of the Tenaya should be considered as an early advance of the Tioga Glaciation
(Morrison, 1965; Smith, 1968; Birkeland and Janda, 1971). Our data here
indicate that in at least three drainages the Tenaya is not readily separated
from the Tioga, whereas in a fourth it is not separable from the Tahoe. Our
suggestion is to drop the Tenaya as a first-order glaciation until further
work is done.

The Mono Basin Glaciation of Sharp and Birman (1963) presents a similar

problem in that Mono Basin Till has been shown to be quite similar to Tahoe
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Till at the Mono Basin type locality, if both are compared under sagebr-ush
vegetation. Furthermore, the weathering characteristics of both deposits are
similar to the deposit that both Sharp (1972) and we agree is Tahoe in the
Green Creek drainage. Our tentative suggestion is to not use the Mono Basin

terminology until more localities have been restudied.
CONCLUSION

E. B. Blackwelder, R. P. Sharp, and J. H. Birman have made very important
contributions not only to the Sierra Nevada glacial sequence, but also the
development of RD techniques to date deposits where absolute dating methods do
not apply. We view our work here only as a further step in the refinement of
both aspects of the work pioneered by them. Indeed, the reason this area was
picked as one in which to refine RD techniues was because of their previous
high éuality work in the area. We feel we have demonstrated a refinement in
the tecnhiques, with the by-product being that we offer an alternative to some
of the age assignments for the deposits. This multiparameter approach to
relative dating suggests that only two major groups of post-Sherwin pre-
Neoglacial tills, here grouped into the Tioga and Tahoe Glaciations, can be
mapped. Deposits previously mapped as Tenaya seem best grouped with the Tioga
in some drainages, but with the Tahoe in at least one drainage. Hence, we do
not know how to define the Tenaya on RD data. In Sawmill Canyon (S) and
Mammoth Creek, our outermost Tioga deposit is slightly more weathered than
other Tioga deposits and could be the Tenaya of other workers. The type Mono
Basin Till clearly was deposited prior to the major Tahoe moraine of the
Sawmill Canyon (N) - Bloody Canyon area; however, under similar vegetation

conditions, the data suggest no great age difference between the two deposits,
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and so we lump both into the Tahoe Glaciation. The type Casa Diablo Till has
characteristies not unlike the Tahoe deposits of other valleys and so it also
is tentatively correlated with the Tahoe Glaciation. We therefore suggest
mapping only multiple Tioga and Tahoe deposits until better criteria for
further subdivision are developed.

Problems remain in the use of RD methods, such as the necessary differ-
ences in data to justify different age assignments, operator variance, and how
RD features are preserved and used for age indication in spite of erosional
alteration of the land form. Because of this, we restate our contention
(Birkeland and othersf§1976) that the answers to questions brought up lie in
the field, and any worker seriously considering a correlation with the east-

central Sierra Nevada should visit the key sites in the field.
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CHAPTER XIII

Preliminary remarks on chemical data for soils formed in post-Sherwin

glacial deposits, eastern Sierra Nevada, California
R. M. Burke, A. L. Walker, and P. W. Birkeland

This short note expresses preliminary thoughts on the recently derived
soil chemical data (Table XIII-1) that have been visually preprinted in
Chapters III, V, and XI. The analyses are the oxalate extraction, dithionite
extraction and phophorous fractions as outlined in Chapter X.

The expected results are a continual buildup of the trends expressed by
the soils developed in Holocene deposits (Chapter II). However, expected
trends are not realized on these Pleistocene soils. Preliminary observations
are as follows:

1., Post-Tioga and post-Tahoe soils that appear similar based upon a good
description of the field morphology cannot be differentiated on the basis
of more detailed laboratory analyses.

2 Rates of chemical change in the soils formed on the Sierra Nevada cirque
deposits are not reflected in the soils formed in older deposits along
the range front. This might be explained by either: (a) a much drier
environment which has not been appreciably wetter in the past, (b) a
retardation of obvious chemical activity caused by a high amount of
siliecic volecanic detritus from Mono and Frye Craters, or (c) erosion of
the upper part of the post-Tioga and post-Tahoe soils. The difference in

trends cannot be explained by steady-state arguments as explained in (3).



Table XIII-1.--Chemical data for soils on deposits along Mammoth Creek,
Sawmill Canyon(N)-BToody Canyon and Green Creek
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Valley

Site No.

Stop No.

Horizon

Mammoth Creek

Bloody-
Sawmill(N)

Green Creek

03

42

43

02

25

24

22

2

10

11

A
B1
B2t
Cox

Cn
Fr. till

A

IIB

[ICox-topk
I11Cox-lowerk
IICox @ 100 cm

A

11B
II1Cox-top%
IICox lower’
IICox 108-120

A
B
IICTox
I11C20x

A
B
IICTox
I1C20x

A

B

Cox topk
Cox lowerl
Cn

A
B1
B2
B3
Cox
Cn

A

B

Cox topk
Cox Towerk
Cn

Depth(cm)

0-8
8-23
23-88
88-129
129-135+
€a.500

0-12
12-25

25-102+

0-10
10-25

25-120+

0-8

8-20
20-64
64-120+

0-10
10-43
43-88
88-115+

0-20
20-50
50-150

150-165+

0-14
14-29
29-50
50-68
68-93

93+

0-8
8-30
30-94

94-130+

feo

.35
21
2
.09
.06
.06
.07
-07

.26
.10

.03
.06
.04

04

.04
.05

.02

.06
.04
.03
.02

1
.10
.10
.15
.09

12
.10
.09
.10
.14
.14

.09
.08
.07
.07
.05

Fed

.49
.63
.54
.52
.50
.40

i
.24
.22
.40
i25

.16
.21
.15
.21
=13

.10
.19
.19
.16

JI%
219
12
2

.36
33
s2d
.42
.20

.45
.47
.45
.49
.36
a3

=31
2
.24
ey
.14

Alo

.10
1

.06
.03
.05

.07
.07
.04
.07
.05

.05
.08
.05
.04

.05
.04
.04

.03

A
.07
.04
.03

.1
.13

.08
.05

s
.07
.06
.06
.05
.03

.07
.07
.06
.06
.04
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3. Although chemical analyses do not generally allow differentiation of
post-Tioga and post-Tahoe soils, maximum buildup is less than those on
Sherwin(?) deposits (Chapter X), suggesting soil development rates may be
retarded, but have not reached steady state conditions.

4, For potential differentiation of these deposits, Al extracts appear to be
the weakest of the 3 elements.

5. Variation of some buildups is consistently greater between valleys than
between varying age deposits within a single valley. For example, Fed,
Pa and Po values of Green Creek do not vary much between sites but are
consistently greater than those of Sawmill Canyon (N) - Bloody Canyon
which also do not vary much between sites.

6. Again, as with field properties, and physical properties, the sﬁil
developed in type Casa Diablo Till shows the strongest post-Tahoe
development based upon Fe buildup. At depth, the Fe, values drop to
values similar to those in Cn horizons of other post-Tioga and post-Tahoe
soils, but Fe, remains slightly higher than in other soils. This may
reflect a parent material with an initially greater source of Fe
(extracted as crystalline Fe), that is not yet altered at depth by
pedalogic processes (lower values of amorphous Feo).

T. Where some trends appear to defy known stratigraphic age relationships
Fed of Green Creek soils could suggest Tioga is older than Tahoe--they
may define the limit to which soil chemical trend-age relationships are
useful along the eastern Sierra Nevada.

The main conclusion is, as it was in Chapter X, that some so0il chemical
trends parallel the soil morphology. This once again points out that in the
semi-arid environment along the eastern Sierra Nevada, relative age assignment
may not become more detailed as one goes from good field descriptions to more

detailed chemical analyses.
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CHAPTER XIV

The problem of correlation with the Tahoe-Truckee area

P. W. Birkeland and R. M. Burke

In 1976 we attempted to use relative dating (BRD) and soils data to
reexamine in reconnaissance fashion the well-known sequence of moraines in
the Tahoe-Truckee area. The western shore of Lake Tahoe was one of the
regions used by Blackwelder (1931) to define the glacial sequence of the
Sierra Nevada. Blackwelder (1933) presented detailed site locations of both
Tioga and Tahoe deposits, and later the area was mapped by McAllister
(1936). Despite the higher precipitation and forested conditions of the
Tahoe-Truckee area, there are striking similarities in some of the RD data
between it and the central Sierra Nevada.

Tahoe and Tioga moraines occur northwest of Angora Lookout (McAllister,
1936; see Fallen Leaf Lake, California 15-minute quadrangle; or Fig. 1 of
Wahrhaftig, 1965). The surface weathering characteristics of the two moraines
are difficult to evaluate because of a full lichen cover on the boulders and a
dense forest cover. However, a maximum pit depth of 150 mm and 58% weathered
granitic boulders on the Tahoe moraine contrasts with minimal pitting and only
30% weathered boulders on the Tioga moraine. Although most of the surface
weathering data might be suspect due to possible forest fire freshening, the
Tahoe-age assignment is supported by subsurface characteristics. Some
grusification and oxidation of the granitic boulders are present within the
post-Tahoe soil, and slight oxidation (2.5Y 6/v) extends to a depth of greater
than 150 cm. Although the RD data are not unambiguous, they tentatively

support a Tahoe-age assignment for the older moraine.
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The high moraine between Emerald Bay and Cascade Lake directly south of
Inspiration Point (Stop 1, Fig. 7-1 of Wahrhaftig, 1965) is mapped as Tahoe,
and it is flanked to the northwest by a Tioga moraine (McAllister, 1936). The
surface RD data distinguish between the two moraines. The boulders on the
Tahoe moraine have pit depths up to 380 mm and are 90% weathered, whereas
those on the Tioga moraine are minimally pitted and only 22% weathered.
However, the subsurface RD data do not support the age assignment based upon
surface RD data. The post-Tahoe soil is very similar to the post-Tioga soil
and neither have grusified granitic boulders.

An important site which appears to have Tioga Till superimposed over
Tahoe Till (C. Wahrhaftig, written commun., 1975) occurs in a Highway 89
roadcut northeast of Cascade Lake (locality E, Fig. T-1 of Wahrhaftig,

1965). The cut exposes about 8 m of Tioga Till, the lower half of which
appears to have been fluvially reworked, overlying a pre-Tioga till having
slight matrix oxidation (5Y 6.5/2d) but without a buried soil profile. A
count of fresh:grusified:grusified and oxidized produced ratios of 49:1:0 and
2:22:26 for the Tioga and pre-Tioga tills respectively. The two morainal
crests southeast of Cascade Lake have been mapped as Tioga and Tahoe
(McAllister, 1936; Wahrhaftig, 1965, Fig. 7-2). However, surface weathering
features are similar on both crests, an observation also noted by C.
Wahrhaftig (written commun., 1975). In addition, the soil and condition of
subsurface granitic clasts are similar on both crests. All of this suggests
that both moraines are Tioga and there is therefore no surface expression of
the buried pre-Tioga till. Although the older till in the roadcut has the
subsurface boulder weathering features we expect of a Tahoe deposit, without
morainal form or knowledge of the degree of soil development and the amount of

surface weathering which occurred between the deposition of the two tills, all
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we can conclude is that the buried till is Tahoe or older. In short, the
correlation of the deposits along Lake Tahoe to those in the east-central
Sierra Nevada requires additional work.

We also employed our multiparameter RD techniques to reexamine the work
of Birkeland (1964) near Truckee. Our work indicates some problems in the
original age assignments and again a need for more work before correlations of
the pre-Tioga units with the east-central Sierra Nevada units are considered
sound. For example, the deposit exposed in the large I-80 freeway cut west of
Truckee (SE 1/4, NE 1/4, Sec 16, T17N, R16N of the Truckee California 15-
minute quadrangle) is mapped as Tahoe by'Birkeland (196L4), but the granitic
clasts are seldom grusified. The deposit is best correlated with the Tioga
Glaciation, as suggested by weathering rind data of Colman (1977). The Tahoe-
Donner housing subdivision has produced a new roadcut at the junction of
Andermatt and Wolfgang roads (on the Truckee quadrangle this is near the
westérn margin of the map on boundary of sections 30 and 31, T18N, R16E) that
exposes a deposit originally mapped as the outermost right lateral Tahoe
moraiﬁe of Prosser Creek. However, the soil profile shows pedologic and rock
weathering features similar to those of the type Donﬁer Lake Till (Birkeland,
1964). Several alternatives seem possible to explain this confusion: (1) the
original mapping is in error and the till should be assigned to the Donner
Lake Glaciation; (2) the Donner Lake Till was deposited during the Tahoe
Glaciation as the latter is defined by Burke and Birkeland (1979) for the
east-centrél Sierra Nevada; or (3) the Donner Lake Till (and the till of this
cut) is indeed pre-Tahoe and we have yet to discover an adequate exposure of
Tahoe Till. If the Donner Lake Till is pre-Tahoe, a possible Tahoe moraine
might be the highest left lateral moraine north of Donner Lake in which

grusified granitic clasts are exposed in roadcuts on Ski Slope Way (Tahoe-
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Donner subdivision) on the north-facing slope of the moraine. This
alternative is tentatively supported by the limited data given in

Table XIV-1. However, all of these alternative are met with serious problens
too complex for presentation at this time. For example, should the soil
formed in Tahoe glacial deposits be expected to be more like that formed in
Tahoe outwash near Verdi, Nevada (Birkeland, 1968) or not? The point of this
short discussion is to caution others that correlation of pre-Tioga units
between the Truckee area and the east-central Sierra Nevada requires more

work.
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Appendix A

Correlation between numbered stops and locality numbers used in text,

figures and tables - Part I of field trip, Chapters I and II.

Stop Locality number

1 1

2 8

3 9, 10

4 3

5 4, 5

5a 11

6 7

7 13, 14



Correlation between numbered stops and locality numbers used in text,

Appendix B

figures and tables -Part II of field trip.

Stop
1

2

10
11

12

Chapter
111

ITT

v

IX

XI
XI
XI

IX

Drainage

Mammoth Creek

"

Sawmill Canyon (N)-

Bloody Canyon

1"

n

Green Creek

n

"

"

Locality number

20
03

01, 02

40, 41
ou
43

42

loc. 3 (Chapters IX

and X)

25
24

22

loc. 14 (Chapters IX

and X)

120
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RELATIVE WEATHERING DATA

Stop no: Deposit and location:

Soil Characteristics:

State of subsurface clasts: Tlithology: ; est. % wxed 3 wxing depth
max size of wxed clasts: ; max oxidation of clasts

Moraine morphology: width (M) inner § outer

Split 123456789012345678901234567890 = 123456789012345678901234567890 =

123456789012345678901234567890

Non spit 123456789012345678901234567890

1]

123456789012345678901234567890
123456789012345678901234567890

Granitic 123456789012345678901234567890
Non Granitic 123456789012345678901234567890

SBF-30X6bm-visual max - min diameter = Total blds count 1 Count 2
granitic 123456789012345678901234567890 = 123456789012345678901234567890 =
non grantiic 123456789012345678901234567890 = 123456789012345678901234567890 =
Pitted 123456789012345678901234567890 = 123456789012345678901234567890 =
Non Pitted 123456789012345678901234567890 = 123456789012345678901234567890 =
Pit Depths Depths
ROCK TYPE: n= X= ROCK TYPE: n= X=
Fresh 12345678901234567890123456789012345678901234567890 = min diam =
Wxed 12345678901234567890123456739012345678901234567890 =
Fresh 12345678901234567890123456789012345678901234567890 = min diam =
Wxed 12345678901234567853123456789012345678901234567890 = ===
Hammer Blow GWR:Fr 12345678901234567890123456789012345678901234567890 =
Wxed 12345678901234567890123456789012345678901234567890 =
Grus  12345678901234567890123456789012345678901234567890 =
*Rinds 123456789012345678901234567830 = 123456789012345678901234567890 =
No Rinds 123456789012345678901234567890 = 123456789012345678901234567890 =
depth: depth:
Rock type: n: X: Rock type: n: X:
Height Mafic inclusions —
Height veinlets —
Surface boulder oxidation:
ox 123456789012345678901234567890 = 123456789012345678901234567890 =
part ox 123456789012345678901234567890 = 123456789012345678901234567890 =
unox 123456789012345678901234567890 = 123456789012345678901234567890 =
miscellaneous:
Est. age in my opinion: Name of operator (print neatly)

I would 1like to have these data compiled along with the data of others on Fhe fOP trip and subsequently receive
summary information to be printed and distributed to all participants handing in data. Yes / / No7 /

*To minimize destruction of the outcrop we request this be a test of how a group of'peop!e measure the same
rinds - therefore, please measure those rinds already broken open and placed in "rind piles" - please protect
these sites,
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