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The maximum depth of the imprint reproduced in the plaster cast
(print Number VI) as measured in the field from the general surfece
of the bed is sbout 30 millimeters. The clew-like marks are now
shown only as irregular holes, considerably modified by weathering,
Ihe posterior margins are rather steep, indiceting they were made
by a claw rather than the end of a toe or hoof. They reach a
maximum depth of 25 millimeters, which, however, does not necessarily
indicate the true length of the claw-like process responsible for
the imprint.

the anterior track of each seriles is slightly lerger than the
posterior. DBoth are oval in outline, the anterior one having an
eanterio-posterior diameter of about 14 decimeters and a transferse
dieameter of 18.

The absence of clear evidence of claw-like marks on the
posterior of the double tracks indicates that the hind foot over=-
stepped the forefocot in walking, & habit precticed by bears.
Therefore, in all further reference to the front track, which shows
the claw-like merks, that print will be called the track of the
hind foot.

The disposition of the claw=like imprintg of these tracks
introduces & special problem in the identification of that anclent

animal. Threes gquite evenly-speced marks occur in front of the

paed impression, the central one merks the anterio-posterior axis

of the foot. 1t occurs about 75 millimeters €rom the approvrimate
anterior margin of the imprint of the foot pad, or nearly 140 milli-
meters from a point somewhat arbitrerily taken as the center of the
imprint of the sole. Two other claw-like imprints lie not far inside
of an arc of a circle centering at the middle of the pad end passing
through the anterior merk. The line from the center of the pad to
these lateral merks diverges from the line of the axis by as much
as 35 degreeg. This distribution 1s characteristic of &ll of the
tracks that are measurable and therefore cennot be ettributed to

an accidental spreading of the toes.

The position of the two remaining claw-like imprints is even
more puszling. On the right hand side of the foot mark, meking an
angle of about 80 degrees with the axis of the foot is an imprint,
comparable to the anterior ones and located about 95 millimeters
from the central point of the pad imprint. This occurs at approx-
imetely the same position on both plester casts brought into the
laboratory and was observed on other tracks in the rield. On the
left side, a less well-defined imprint about 85 millimeters from
the center also appears in both casts end several measurements made
to the other marks esl@o sgree, thus proving the presence of & toe
diverging over 80 degrees from the axis of the foot ag defined above.

Such a dispogition of the toes of & large five-toed memmel wes
unexpected, combined with the claw=-like imprints and an
undivided foot pad.

The dimensions of the tw® fmprints as taken on the plaster
casts mey be shown on the following diagram.

(Diagram here)
(Disgram showing the series of tracks)

¥rom these measurements, it is possible to estimate the length
of a digit of the hind fcot of A. californicum if one assumes,




contrary to fact, thet the phalanges of all digits were approximately
of the same length. Thus digit III would be 131.7 mm long. To this
may be added 113,7 mm, the length of the metatersal III, which gives
a totel of 245.4 mm as the approximate total length of the middle
toe bones of that species, s measured from the proximal end of the
metatarsal. That figure of 245.4 mm might thus represent the app-
roximate distance between the hind margin cf the foot pad to the
claw of A. californicum. Such & figure exceeds the distence from
the posterior margin of the imprint of the pad to the claw mark of
the fossil only by about 10 millimeters. This rough estimate
indicates thet & species of Arctotherium could have made a track

as large as thet of the fossil specimen.

Regardless of the general bear-like foot mark, the obvious
overstepping habit of the animal ag it walked, end this rough
egreement as to anterio~-posteriow dimensions of the fossil track
with that of max Arctotherium, there is still lacking an explanation
of the gpacing of the outside toes &as indicated by the claw-like
impressions.

The possible amount of spreading of the toes of an arctothere
has not, to the writers' knowledge, been determined. Until that
has been ascertained by & careful reconstruction of s foot of one
of these mammals, %kax no reference of these tracks to a known
member of the short-faced bsar can be made. 4t does appear possible,
howeyer, that the arctotheres, belonging as they do to & group thet
early diverged from the true ursids, possibly may have had a foot
capable o leaving such impressions as have been found.

In view of these uncertainties, one can only suggest that these
tracks may have been formed in late Pliocene or the first half of the
Pleistocene by an arctothere-like cernivore, larger than modern
bears, and possibly markedly different from any known species
of arctotherium. ;

It appears probable that these tracks were mede by & very large
enimael with a single sole pad, and long claws on each of the five
widely diverging toes. The only known Latex Tertiary or Quaternary
large mammel that would even approrximately meet those conditions
are the bears. Although the imprints are probably larger than those
made by living bears or true extinct ursidg, they probebly are no
larger than might have beer made by one of the short-faced bears
that were then living in the Western Hemigphere. This possibility
is worthy of further considerstion, although such a spread of the
toes may not have been possible 1in any known member of thet group.

Theose arctotheres, arose in the Miocene of Eurasia and they were
then represented by Hyesenarctes &and later by lipmdoerctos. & possible
representative of the latter Pliocene genus occurs in the Rattlesnake
Plaocene beds of Oregon and has been named I. (?) oregonesis
Maxxiamx Merriem, Stock, and Moody (1916)%e. The Rattlesnake fossils
include teeth, limb bones, & S5th metacarpa, a 2nd metatarsal and
severeal phalanges. ’

The arctotheres migrated to South Americe during the late FPliocene
and Pleigtccene where they were represented by Arcthotherium
(Agriotherium) and other related forms. Arctotherfum is also known
from the Rancho La Brea deposits of mid-Pleistocene Age (Merriam 1911);
at Potter Creek Cave of Northern California (Cope 1879, 1891); Port
Kennedy Fissure, Pennsylvania (Cope 1879) and from Algkke (Lambe, 1911).

The foot structdare of Arctotherium of the Kencho LaBrea and Potter

Ureek Cave depoits is myuch better known and meagurements of several
bonceg are ggvgn bg Merriam (Stoc ang ﬁerr am iSaE?.
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Weods of Fish Lake, Oregen, and Vieinity .

. Y. Sepiter type(Bdrexylem spp.). Generalised eonifer wood SyPpéw witle

e «g‘if 4

e, fiedaz. txps (Cupressi

sut CfﬁMt {aiffuse) parenchyms cells, (2) fusiform rayes, or (3)
resin canals. In eages of very inferior preservation may iselude some
fine~grained gum-like hardwoeds. 3

cesvssesas..#20. (seme 50); #32 (8)

>
Ay

Flon spp. 7). M ¥ory much leke the
above dut esdsr-like in ;m sSppearence.,
.ooocl‘.oqcnl"l (‘m w)

3. Bédar tipe (Cnmnin‘wxon epP. ). Veeds like the above but diffuse
Parenclyma apparent.
: sorecsenecsol®s (9)s #2R, (9) #3%. (1)

4. Bsgupls fype (Bequelexylon spp.). Like the &bove bdut with traumadle
sanals apparént, and/or very soarse texture.
c.o..uooo;..“. #30

$. Xir tiag (Avles ln.) Fo dilffuse parenshyss aprereat But treumhiie
sansis presemt.
0‘.000..000.#5' (’)' ”‘. (6)

6. SJippanese” fir tvpe (Keteleeria spp.). Woods with comspieious restoo:

of longitudinal eanels, not aseemrpanied by tramsverse (ray) canals,
...It."a.'l#" {1)‘ n" (’)

7. 2ips type (Pinus spp.). Woods with scattering single resin emlc;

2ll of equsl dismeter.

PP B A EB RO e ¢ 33 (’)
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t.,-vg;.’ﬂ\_ oj-o-o-o-u-roo.-o“-- Red cak type. ’7. Live oak type.

9. Ea trpe (Ulmus spp.). Woeds with initial large peres in sirends
of one to seversl fellowed by wavy hénds of small vessel clusters,

Q'.C.o...o..o”. ’”‘ (g)
. 0. The remaining hardwoods are highly cemjectural, the Ciner ones
being lumped together as 'gu- woods™. . . #11, #2%, £36 (3); the ocoarser

ones as "1aure1'...#l} fro, #26, #33, #3585, #37.

11, #27 may be amber,



Age Nelationahlp

The specimens zppeared to ne 1ln three groups which separation has

besn maintained by the #"a3; group 1 (#1=11); group 2 #20«27), group

3 (#30-37). They seem t¢ be of about the sare age 2nd origin,

The age retference suggesta garly lioecine~~for the following

reasons}
f.
2,
3.
4,
5.
6.

7.

Keteleeria not known to occur later.

Pines characterize the early Tertlsary.

Absence of Douglas firs,

Presence of oeks eliminates pre-Tertiary.

Presence ol alms suggeet mid-%ertiary,

Many of the hardwoode suggest the "exotles" of the earlier
Tertiary, )

On the whole, the ege seene to be mid-Tertiary, at sbcut the

level of the earlier Miotcens--some 30 nlllion years ago.
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Our Sample No. - 3833
Your Reference: Sumple #1
Submitted by:

Sample Description & Locality:

Material Analyzed:

éomtdo}ed,

*o'.km

itlamtie Richfield Compmy
1500 Security Lifs Xidg.

Pemvar, Oelezede BOROR

o 7“?‘%_‘_ e e, S

i & ‘-‘ 1 'M ,.;;.' ; x
S 24 Blackstone Street, Cambsidge, Wass. 82139
Telephone TRimwbridge 63691

- - W AN

REPORT OF ANALYTICAL WORK

POTASSIUM-ARGON AGE DETERMINATION

Date Recsived: 13 Jemmexy 1569
Date Roporn,: 29 Jemunry 1966

a P

Eyelite witrophyre, Thomes Creek, V. odge sec. 27,
TITS, NS, NMead rock quarry en N.¥W. fissd of small
Sei

Sanidine comosntrate, =40/4100 mesh. Estimsted

composition: Samidine crystals, 65-75¥; Glase, 15-85%;
Quarts, 105. The concsutrete was leeched with P pricr

40 % /) 40 — snalysis =
AL =SE/K 0.00047 o ACE 8.1 (20.5) x 105 years.
A Ana
Ar4°* ppm. Ar4°%*/ Total Ar *° Ave. Ar*°*, ppm.
0.0023% 0.291
8, 00246
0.00857 0. 0T
Potassium Analyses:
% K Ave. %K K *°, ppm
b.50h
b 257 5.19%
Constants Used:
1 + A 40 #
_ = i in xﬂ e Ar
A8 =472x1071°/ year AGE N+ Rﬁ [ x X o + 1]

Ae = 0.586 x 10712/ year
K*/K=1.22x10"g./g.

Note: Ar*°* refers to radiogenic Ar*°.




24 Blackstome Street, Cambridge, Mass. 02139
Telephone TRowbridge 6-3691

chron

e ‘ﬁaéorafon'ed,

' Ae =0.585 x 1071°/ year

Gt
i e
REPORT OF ANALYTICAL WORK
POTASSIUM-ARGON AGE DETERMINATION f
Our Sample No.B~123h Date Received: 13 Jamuary 1969
Your Reference: Suspls #2 Date Reported: 29 Jamuary 1969

Submitted by: Mre E. L. Oakes
Atlaxtic Riochfield Company
1500 Secwrity Life Bldg.
Denver, Colorado 80202

Sample Description & Locality: -
Quartsy Valley Moumtain Vitrophyre Biotite, hormbleads (1)
rhyo-duitc Cesnter sec. 23, T.37B., R.16E. North fland quartz,
Valley Mountain.

Material Analyzegiotite comcemtrate, -50/4200 mesh, Estimated composition:
Presh biotite of euhedral aspeet, 95¢%; Greemish-~brown amphibole,
less than 5%, others, traces omly.

Ar**[K*° = g_000kk AGE= 7,6 (20.k) x 10° years.
Argon Analyses:
Ar4°* ppm. Ar 4°*/ Total Ar *° Ave. Ar*°* ppm.
0.003T1 0.278
0.0035h
0.00337 0.290

Potassium Analyses:

% K Ave. %K K *°, ppm
6.5kk
6.53“ T.m
6.524
Constants Used:
1 + 40%
A8=4.72x 10719/ year AGE= ——— In [xﬂ Ae X Ar + 1]
A * g e  geo

K4°/K =1.22x 107 g./g.

Note: Ar*°* refers to radiogenic Ar*°.
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Stearns, H. T., 1936, Origin of the large springs and their
alcoves along the Snake River in southern Idaho: Jour.
Geology, v. 44, no. 4, p. 429-450.
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Supply Paper 774, 268 p.

Stearns, H. T., and Isotoff, Andrei, 1956, Stratigraphic sequence
in the Eagle Rock volcanic area near American Falls,
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136. ALKALIC LAVA FLOW, WITH FLUIDITY OF BASALT, IN THE SNAKE RIVER PLAIN, IDAHO

By Howarp A. Powers, Denver, Colo.

Fine-grained alkalic lava of middle Pleistocene age
occupies an area about 10 miles long and 1 mile wide
near King Hill, Idaho. Three separate sheets of the
molten rock, each less than 30 feet thick, flowed down
a gentle slope, the gradient of which decreases from
80 feet per mile to 25 feet per mile. The distribution
and thickness of the flow units indicate that the fluid
lava had as great mobility as that of the common basalt
in the area, which contains labradorite plagioclase.

The upper parts of the flow units are black and are
aphanitic to glassy; their vesicular texture resembles
that of Swiss cheese. The internal and basal parts are
holocrystalline but very fine grained. Olivine and
plagioclase are the only minerals visible in the hand
sample, mostly as microphenocrysts less than 1 mm in
greatest dimension. Rare tablets of plagioclase, only
a millimeter thick but as much as 2 em long by 2 em
wide, are characteristic of one flow unit.

The microscopic texture is dominated by stubby tab-
lets of plagioclase, commonly in jackstraw pattern, but
locally oriented in flow pattern. Interstitial spaces are
occupied by euhedral to subhedral erystals of clino-
pyroxene, olivine, magnetite, ilmenite, and apatite, and
by patches of anhedral alkali feldspar. The plagio-
clase is sodic andesine, about Ang. The olivine ranges
from Fo,, to Fo,; as determined by powder X-ray dif-
fraction pattern (Yoder and Sahama, 1957, p. 484).
The clinopyroxene is iron rich and probably also tita-
nium rich because there is not enough visible ilmenite to
account for all of the TiO. found by chemical analysis.

The rock is too fine grained for modal analysis, but
the computed norm has been adjusted to approximate
the mineral content, as shown in the table below. Some
ab was combined with the o in orthoclase, and most
of the TiO, was allotted to pyroxene. The olivine was
computed to agree with the composition indicated by
X-ray analysis.

Lava of the composition shown by these analyses
does not fall within the range of basalt adopted by

557753 0—60——20

TABLE 136.1.—Chemical and approximate mineral composition
of lava near King Hill, Idaho, as determined from five
analyses

[D. F. Powers, U.S. Geological Survey, analyst]

Results of 5 analyses
Approximate mineral
composition
Aver- Range Norm
age
BiOs. 49.45 | 47.17-51.23 Q .15
13: 71 13.34-14.45 or 14.7 Alkali feldspar 16
3:32 4.15- 2.90 ab 28.8 Plagioclase Anss 42
) 77§ (R 3.07 an 14. 6
15. 45-13. 27 Clinopyroxene 31
FeO 11.28 wo 4.1
Olivine 2
.22 «24- J20 fs 13.2
3.68 4.42- 3.33 en 9.2
6. 77 7.68- 6.36 il 6.2 Ilmenite <l
3.39 3.18- 3.54 mt 4.4 | Magnetite 4.4
2.43 2. 00~ 2. 60 ap 3.4 Apatite 3.4
1.40 2.05- .90
.80 .41- 1.09

Green and Poldervaart (1955), because it is too low in
lime and magnesia, and too high in potassia and phos-
phate. Nor does the composition match that of any
igneous rock average in the compilation of Nockolds
(1954). The ratio of lime to alkalies in the King Hill
Rock approximates that of Nockolds' average alkali
doreite, but the King Hill rock is lower in total feld-
spar, and higher in iron, titania, and phosphate. In
content of silica and alumina, the King Hill rock com-
pares reasonably with the average alkali andesite. It
is significantly higher than average alkali andesite,
however, in titania, total iron, potassia and phosphate
and it is much lower in magnesia and lime. .

REFERENCES

Green, Jack, and Poldervaart, Arie, 1955, Some basaltic prov-
inces : Geochim. et Cosmochim. Acta, v. 7, p. 177-188.
Nockolds, S. R., 1954, Chemical compositions of igneous rocks:

Geol. Soc. America Bull., v. 65, no. 10, p. 1007-1032.
Yoder, H. 8., Jr., and Sahama, Th. G., 1957, Olivine X-ray deter-
minative curve: Am. Mineralogist, v. 42, p. 475-491.
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137. A DISTINCTIVE CHEMICAL CHARACTERISTIC OF SNAKE RIVER BASALTS OF IDAHO

By Howarp A. Powgrs, Denver, Colo.

The basaltic rocks, of Pliocene to Recent age, from
the Snake River valley in southern Idaho are shown
by chemical analyses to have a high degree of consan-
guinity. These basalts may constitute a c¢lan in the
sense proposed by Tyrrell (1926, p. 136)—that is a
group of rocks with the highest degree of consanguin-
ity within a kindred.

Preliminary comparisons have shown, also, that the
Snake River basalts differ significantly from other
basalts of the northwestern United States. One promi-
nent difference is portrayed in figure 137.1, a three-
component plot of the ratios between silica, magnesia,
and total iron plus manganese in chemical analyses.
The diagram shows these ratios for all available analy-
ses of Snake River basalts (except one of a nepheline
basalt and a few that contain less than four percent
by weight of magnesia) together with all the available
analyses of Columbia River basalts, as compiled by
A. C. Waters (1960). To represent the basalts of the
Cascades, two sample groups of analyses containing
more than three percent magnesia were arbitrarily
chosen ; one sample group was from near Mount Lassen
and the other from near Mount Hood.

The rocks from the Snake River valley are all lower
in silica than those from other areas. In the Snake
River clan, moreover, the silica generally decreases as
the ratio of iron to magnesia increases, whereas the
opposite is true of the other rocks. The reasons for
these and other differences may become apparent as
more data are accumulated.

100 SiO, EXPLANATION

Snake River basalt

o

ok Columbia River basalt

90 *
Basalt of
Cascade Range

Fieure 137.1.—Ratios between SiO., MgO, and total iron plus
manganese in some basalts of the northwestern United States.
Data plotted are weight percent of SiO., Mg0O, and sum of
FeO4-0.9Fe.034+MnO computed to 100 percent.

REFERENCES

Tyrrell, F. W. 1926, The principles of petrology: London,
Methuen & Co., Ltd.
Waters, A. C., 1960, Stratigraphic and lithologic variations in

the Columbia River basalt: Am. Jour. Sci. (in press)

138. AGE AND CORRELATION OF SOME UNNAMED VOLCANIC ROCKS IN SOUTH-CENTRAL OREGON

By Groree W. WarLker, Menlo Park, Calif.

Fragmentary collections of vertebrate fossils from
several newly discovered localities in southeastern Lake
County, Oreg., (fig. 138.1) indicate that the enclosing
rocks are of approximately the same age as certain
Miocene volcanic rocks of central Oregon and adjacent
parts of Nevada and California.

The fossils, consisting principally of bone fragments
and teeth that have weathered out of tuffaceous beds,
apparently represent a single fauna including Mery-
chippus, Camelidae, Dromomeryx sp. (tentative identi-
fications by G. E. Lewis, 1959), and other mammalian
genera. According to Lewis, this fauna is comparable
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to that of the Mascall formation of Grant, Crook, and
Jefferson Counties, Oreg., (Downs, 1956) ; it also re-
sembles the mammalian faunas from Beatty and Corral
Buttes, Oregon (Wallace, 1946), and Virgin Valley,
Nevada (Merriam, 1910), all of which are considered to
be of late middle to early late Miocene age.

Andesitic and rhyodacitic volcanic rocks of compara-
ble age, mapped by Russell (1928) as the upper part of
the Cedarville series, are exposed in northeastern Cali-
fornia and northwestern Nevada. The age assignment
of these rocks and their correlation with the Mascall
formation is based on studies of fossil floras by Chaney
(én Russell, 1928) and LaMotte (1936).

The vertebrate-bearing strata of southeastern Lake
(Clounty are in a section several hundred feet thick

B299

largely composed of fine-grained poorly bedded silicic
tuff and tuffaceous sedimentary rocks that range in
color from pale yellowish-orange to tan, yellow, and
light gray. These strata were probably deposited for
the most part on dry land, but to a minor extent in
shallow lakes. Near major volcanic centers of south-
central Oregon some of the fine-grained tuffaceous rocks
grade laterally into coarse pumice lapilli tuffs, and
interstratified layers of sintered or welded tuff become
more abundant. These pyroclastic rocks rest with an-
gular discordance on an extensive series of basalt flows
locally more than 1,000 feet thick. Flows near the
top of the series consist of ophitic to subophitic dikty-
taxitic, locally olivine-bearing, basalt that contains little
mafic glass; in some of these flows plagioclase pheno-

G ) N
!
L HARNEY COUNTY .
LAKE COUNTY
|
|
e T
|
EXPLANATION ®
® Recently discovered Miocene vertebrate " Valley ® '
ok, ok e hale 36S Beatty Butte locality
Previously known Miocene vertebrate ®
fossil localities OPlusIh
23'F 24E | 25E 26 E 27E | 29E
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|
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|
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CALIFORNTIA 120°00 NEVADA 119°00°
|
|
Virgin Valley Iocality@
0 10

20 MILES
J

F1cure 138.1.—Index map showing distribution of Miocene vertebrate fossil localities.
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crysts are abundant. These flows are fresh; the con-
stituent minerals reveal only slight evidence of altera-
tion. Other flows, chiefly in the lower part of the
basalt series, contain altered phenocrystic and ground-
mass olivine, altered mafic glass, and zeolites. Dustlike
grains of hematite appear on plagioclase cleavage sur-
faces and surfaces of discontinuity between crystals.
Beneath the basalts are silicie pyroclastic rocks litho-
logically similar to, and probably correlative with, py-
roclastic rocks exposed several tens of miles to the west ;
the latter have been dated as of lower Miocene or John
Day age on the basis of a Diceratherium tooth, or pos-
sibly of middle Miocene (Hemingfordian) age on the
basis of fossil plants collected from the same beds that
contained the tooth (Peterson, 1959). These rocks in
turn are underlain discordantly, south and southeast of
Paisley, by andesitic voleanic rocks presumably of pre-
Miocene age.

The general sequence of Miocene and older volcanic
rocks in southern Lake County is similar to that which
comprises the Clarno, John Day, Columbia River, and
Mascall formations of central Oregon, but differs from
it in some details, particularly in the mineralogy and
physical characteristics of the mafic flow units. The
late middle to early late Miocene silicic tuft and tuf-
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faceous sedimentary rocks of southeastern Lake County
are roughly similar in bulk lithology to rocks of com-
parable age in Virgin Valley, Nev. Although both
these units are apparently of the same age as the upper
part of the Cedarville series, exposed in northeastern
California and northwestern Nevada, similarities in
bulk lithology between the two sections are not obvious.
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139. UPPER TRIASSIC GRAYWACKES AND ASSOCIATED ROCKS IN THE ALDRICH MOUNTAINS, OREGON

By T. P. Tuayer and C. E. Brown, Washington, D.C.

Upper Triassic rocks aggregating 40,000 to 50,000
feet in maximum thickness occupy a triangular area
about 35 miles from east to west and 16 to 18 miles from
north to south in the Aldrich Mountains, Oregon.
These rocks are mainly volcanic graywackes and shales,
andesitic tuffs, basaltic lavas, and conglomerates that
include boulders and fragments of Upper Triassic
sedimentary rocks. Slide breccias consisting largely
or entirely of basement rocks characterize parts of the
section, and the graywackes are in large part turbidites.
Although most individual beds or corresponding volea-
nic units are lenticular and of relatively small extent,
angular unconformities and differences in lithology
make it possible to recognize three major stratigraphic
divisions.

The oldest of these comprises three members (fig.
139.1). The lowest member, exposed near the western
edge of the area, west of the fault which crosses

Murderers and Deer Creeks, is at least 8,000 feet thick;
it is dominantly conglomeratic but includes some basalt
flows near the base. The middle member, which oc-
cupies the northwestern part of the map area between
Fields and Riley Creeks, is 17,000 to 18,000 feet. thick.
The lowest 5,000 feet of this member is characterized
by slide breccias and voleanic flows and breccias inter-
layered with mudstone and shale, the middle part by
mudstones, shale, and graywackes, and the upper 3,000
to 8,500 feet by massive tuff. The upper member is a
wedge of interbedded tuff, graywacke, and shale which
lies with its thin edge at Riley Creek Butte, near the
center of the map, and thickens to 10,000 or 11,000 feet
near Fall Mountain, 8 miles to the east.

The middle division is a relatively uniform sheet,
1,000 to 2,000 feet thick, which forms the only strati-
graphic unit that can confidently be traced across the
map area. It contains no volcanic rocks, and consists
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