>
e
< U.S. DEPARTMENT OF THE INTERIOR

science for a changing world U.S. GEOLOGICAL SURVEY

111°36°15"

GEOLOGIC INVESTIGATIONS SERIES
U.S. BUREAU OF RECLAMATION, GLEN CANYON ENVIRONMENTAL STUDIES MAP [-2663

Prepared in cooperation with the

111°34°45"

111°36° 111°36’45" 111°35°30" 111°36"15" 111°35°
T T

36°52°

36°61°45"

36°51°30"

DISCUSSION

Lees Ferry is in the colorful, relatively open valley of the Colorado River (fig. 1) down-
stream of Glen Canyon and upstream of Marble Canyon, which is the beginning of the
Grand Canyon of the Colorado River. The Paria River, an important tributary, enters the
Lees Ferry area through Paria Canyon (fig. 2). Geologic mapping was undertaken to provide
information about the age, distribution, and origin of surficial deposits in the near-river envi-
ronment. Information about recent geologic activity is necessary to understand the rates,
magnitude, and processes of environmental change along the river today. This information
is also needed to evaluate the consequences of regulated streamflow, which began in 1963
with closure of Glen Canyon Dam (27 km upstream of the map area). The dam controls
flooding and cuts off the supply of sediment. The resulting essentially clear water flows are
erosive in a river system formerly adjusted to a large supply of sand-size sediment. These
regulated flows have the potential to erode and damage the riparian environment, including
near-shore archeélogic features. The map shows the present configuration of pre- and post-
dam geomorphic features. This map information is a baseline against which future change
resulting from natural causes and regulated streamflow can be measured.

The Lees Ferry area is important geologically, culturally, and politically. In terms of sur-
ficial geology, the late Quaternary deposits shown on the map record the physical effects of
environmental change on the Colorado River, the Paria River, and the relatively small tribu-
taries draining the rim of Glen Canyon. Four types of surficial deposits are important in the
landscape of the area: (1) gravels in high level, abandoned, channels of the Colorado River
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the Lees Ferry area. Funding for this research was provided by the Bureau of Reclamation
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Archeologist Janet R. Balsom developed the program for geoarcheologic research along the
Colorado River from Glen Canyon to the mouth of Grand Canyon.
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CORRELATION OF MAP UNITS probably equivalent to upper mesquite terrace of Hereford (1996) and Hereford and others (1993; 1996a; ceous sandstone from Petrified Forest Member of Chinle Formation; clast- to matrix-supported texture; |
1998) in eastern Grand Canyon and Marble Canyon and to settlement alluvium and Naha alluvium of exposed thickness 3—4 m. Unit b is distinguished from unit dfi by darker rock varnish, which ranges from
ALLUVIUM COLLUVIUM EOLIAN ARTIFICIAL FILL BEDROCK southern Colorado Plateau (Hereford and others, 1996b) 2.7 to 3.2 on unit dfob. Undersides of boulders typically have Stage-I carbonate morphology with thin
- - — Well- i i iaht- i i i f calcium carbonate; surfaces of sandstone boulders are typically decomposed by spalling and
e . Terrace and flood- | Tributary . Hydraulic . . ot Older terrace (before 770 B.C.? to 1200)—Well-bedded, very fine grained, light-colored silty sand with beds coatings of ' ;- ( ' ypically decomp Y spalling ar
Terrace and flood plain deposits Cravel plain deposits of stream Landside Talus Debris-flows deposits Sand dunes | mining Rip rap | Sedimentary 10-30 cm thick; contains interbedded sheetwash sand and pebble-size gravel near bedrock; exposed thick- granular disintegration. On basis of varnish darkness and soil development, unit probably correlates with i
of the Colorado River deposits deposits and levees rocks . . o
the Paria River deposits ‘ outwash ness 5-6 m. Archeologic remains of Pueblo-ll age (950-1150) present on and just below surface (T. upper part of older fan-forming debris-flow deposits in eastern Grand Canyon and Marble Canyon (Here-
5 s “ Burchett and Helen C. Fairley, personal commun., 1996) south-southeast of gaging station. Elevation ford and others, 1993; 1996a; 1998; Hereford, 1996)
T . é” L L S g ranges from 955-956 m near cableway. Unit ot probably equivalent to alluvium of Pueblo-Il age and dfoa Unit a of older debris-flow deposits (after 3000 B.C. to before 770-400? B.C.)—Gravel consisting
g § o § 2 & ';S § striped alluvium in eastern Grand Canyon and Marble Canyon (Hereford, 1996; Hereford and others, mainly of angular to subangular cobbles to medium-size boulders of sandstone of Glen Canyon Group and ]
5, g 2 g :g‘} ) :é‘} 2 &2 1996a; 1998) cobbles of siliceous sandstone from Petrified Forest Member of Chinle Formation; clast- to matrix-sup-
%’? § § § § E g § § §’§ Pre-dam flood deposits gortTd texturel;v[ thickness. l}l}—d6 rE Distinguishfed frolm9 unit2 Ci{Ob t()jy Vjaénishf iarklrclless }a]md degriesof soﬁ
= | » §3 £ § £ £ T > :’EQ fdy Younger flood deposits (1884)—Very fine grained, distinctive light-greenish-gray (5GY 8/1) silty sand; thick- evelopment. Mean varhish darkness ranges wom - to o dATersices of pouteers hate wea tag?—
& | & | AGE (DATE) S S35 S S g 23 3 f b K ; th q b side of i t cabl - carbonate morphology (Bull, 1991) of thin continuous coatings of light-colored calcium carbonate. Varnish -
% fe (vr) g o2 o s S 5? g ness 0-3 m; forms hummocky surface with arrowweed on sout side of river east o cableway at maxi darkness of unit dfoa is similar to that of talus overlying unit fdo on south side of river. Varnish darkness
n|P AD. 1996 | a & A & O @ mum elevafuon of 956 m. Unit partly 9ver}ap§ the older terrace (ur;lt ot). Elevatlonsof unit fdy correspon.ds and degree of soil development suggest unit dfoa correlates with lower part of older debris-flow deposits
.D. to gage he'lght of 9.6 m (31'.5 ft), which is discharge of 8,500 m3/s (300',000 ft3/s). A flood of this size in eastern Grand Canyon and Marble Canyon (Hereford and others, 1993; 1996a; 1998; Hereford,
happened in July 1884 and is the largest recorded flood of the Colorado River 1996) |
1990 decy fdi Intermediate flood deposits (after 770-400 B.C. to 1883)—Very fine grained, distinctive light-greenish-
pdz pfp | l gray (5GY 8/1) silty sand; thickness 0-50 cm. Unit fdi overlaps or is interbedded with upper portion of Channelized debris-flow deposits
1985 older small tributary debris-flow deposits (unit do) in easternmost part of map area. Present only on south decy Younger channelized debris-flow deposits (late 1900s to 1996)—Gravel consisting mainly of angular to
af GE side of river east of cableway. Deposited at several levels ranging in elevation from 956-959 m subangular cobbles to small and medium-size boulders of sandstone of Glen Canyon Group and cobbles of
1980 s fdo Older flood deposits (3000? B.C. to before 770-400 B.C.)—Very fine grained, distinctive light-greenish- siliceous sandstone from Petrified Forest Member of Chinle Formation; clast- to matrix-supported texture;
1963 |- pmt gray (5GY 8/1) silty sand with finely interbedded silt and very fine sand couplets 1-5 mm thick that form thickness 1-2 m. Boulders are fresh appearing and unweathered. Unit deposited in slightly to deeply
1940 - pt L] low-angle cross strata; exposed thickness 3-5 m. Well exposed 170 m south of gaging station and on ~entrenche.d channels on debris fans of large tributary streams. Unit equivalent to recently active channel-
) [mo | north side of river in road cut immediately north of the Paria River Road just outside mapped area. Unit ized debris-flow deposits of eastern. Grand. Canyqn and Marble Capyon (Hereford, 1996; Hereforq .and — 36°51°30"
1900 L yt Tdy L, ] d ? fdo overlaps and is younger than Pleistocene landslide deposits (unit pls) on south side of river; overlain othe}rsz 1?93§ 1996a; 1998). Debris flow is possible and expected in these channels whenever sufficient
1884 ’ v disconformably by up to 3 m of poorly sorted gravel of solifluction or talus origin. Unit fdo is topographi- precipitation occurs.
1800 - cally higher and older than unit ot. Topographic position of unit fdo below Pleistocene deposits and litho- dco Older channelized debris-flow deposits (early to late 1900s)—Gravel consisting mainly of angular to sub-
logic similarity to other Holocene flood deposits (units fdy, fdi) suggest unit is Holocene. Elevation of angular cobbles to small and medium-size boulders of sandstone of Glen Canyon Group and cobbles of sili- f
1700 dfy deposit south of gaging station ranges from 958-973 m and corresponds to extrapolated gage height of ceous sandstone from Petrified Forest Member of Chinle Formation; clast- to matrix-supported texture;
B it 18.7 to0 23.3 m (59.9 to 76.3 ft) thickness 1-2 m. Boulders are mostly fresh appearing and unweathered. Unit equivalent to recently inac-
gv ts
~ . tive older channelized debris-flow deposits of eastern Grand Canyon and Marble Canyon (Hereford, 1996;
Gravel deposits ’ ’
1600 Hereford and others, 1993; 1996a; 1998) 1
gv Gravel deposits, undivided (prehistoric? to 1983)—Gravel composed mainly of sub-rounded to rounded
) 1400 - L 5] pebbles to small cobbles of local Mesozoic formations, minor well-rounded cobbles of far-travelled por- Debris-flow deposits of small tributary streams that do not drain the rim of Glen Canyon
§ fdi ’ phyritic rocks of Colorado River origin, and pinkish pebbles of Claron Formation derived from Paria River; da Active small-tributary debris-flow deposits (early 1900s to 1996)—Gravel consisting mainly of angular to
E 1200 [ thickness 3—4 m. Present Ol’lly at mouth of Paria River where it forms a broad fan that deflects Colorado Subangu]ar pebbles to cobbles and small boulders of sandstone of Glen Canyon Group and cobbles of sili- i
> River to south. Extensively reworked by Colorado River ceous sandstone from Petrified Forest Member of Chinle Formation; matrix-supported texture; thickness
% ot dfi © gvy Younger gravel deposits (latest Pleistocene)—Gravel composed mainly of rounded to well-rounded pebbles 0-1 m. Unit deposited in deeply to slightly entrenched channels. Surface of deposit is fresh appearing and
Z 1000 - ? and small cobbles of local Mesozoic formations and minor well-rounded pebbles of far-travelled porphyritic unweathered. Probably interbedded locally with streamflow deposits. Debris flow is possible and expected
= < rocks of Colorado River origin; thickness 12-13 m. Gravel on surface is heavily varnished. Unit has cross- in these channels whenever sufficient precipitation occurs. Pewé (1968, p. 15) describes a debris flow in -
5’: B.C.O L, cutting erosional contact with underlying Shinarump Sandstone Member of Chinle Formation (Rcs). September 1967 in the da channel on north side of Colorado River 400 m east of boat launching ramp;
<) Occurs only near boat launching ramp - levees about 1 m high were deposited and boulders as large as 5 m were deposited in Colorado River
500 - gvo Older gravel deposits (late Pleistocene)—Gravel composed mainly of sub-rounded to rounded pebbles and dy Younger small-tributary debris-flow deposits (after 1884 to early 1900s)—Sand to cobble-size gravel,
7 el — cobbles of local Mesozoic formations, minor well-rounded pebbles of far-travelled porphyritic rocks of Col- poorly sorted with angular to subangular pebbles of Glen Canyon Group sandstones and cobbles of sili- T
fdo orado River origin, and pinkish pebbles of Claron Formation derived from Paria River drainage basin; ceous sandstone from Petrified Forest Member of Chinle Formation; thickness 0—-1 m. On south side of
L N S thickness greater than 25 m. Forms high terrace on north side of Colorado River downstream of mouth of river east of gaging station, unit overlaps younger flood deposits (unit fdy) and covers road to main ferry
' Paria River. National Park Service Ranger Station and residential area are built on terrace north of map- crossing, which was abandoned in 1929 (Thompson and others, 1995). Surface of deposit is mostly fresh
ped area appearing and unweathered ]
: Terrace and flood-plain deposits of the Paria River do Older small-tributary debris-flow deposits (before 770-400 B.C. to before 1200)—Sand to small pebble
Echo Peaks B.P. 10,000 |- [ avy ] £ L . I R T ) . . . gravel of debris-flow and sheetwash origin; thickness 1-3 m. Present only on south side of river near east-
? PP Flood-plain d.e posits of t.he Paria River (198.0 to 1996). Light-colored, very fine gra.med sand with th?n ern boundary of mapped area. Near river, unit contains two interbedded flood deposits of Colorado River
beds of silty sand; thickness 1-3 m. Alluvium partly fills channel 2-3 m below unit pmt. Flood plain . . e ]
100,000 ! pls formed after channel entrenchment following relatively large flood of Paria River in September 1980 origin that are probably equivalent to older part of unit fdi. A small hearth 1 m below surface 50 m south-
, . . . . . j
) E’ ] (Hereford, 1986) west of rlv?r contains charcoal that. dates tf) 2,430 + 55 years, which callbra.ltes to 770-400 B.C.; 100 m
g 7 omt Modern ¢ f the Paria River (early 1940s to 1980)—Light-colored f' ed sand with thi south of river, Pueblo-Il archeologic remains are present on surface of unit and suggest surface of unit
] kel L odern terrace of the Paria River (early s to —Light-colored, very fine grained sand wi in, : .
Z 200,000 ? Id b 1200 (Lisa L d Lynn A. Neal, writt ., 1992
© Present (1996) and Past (1921) Views of the Lees Ferry Area ) ) D lenticular beds of gravel and continuous beds of silty sand; thickness 2-3 m. Unit is well exposed near cotid be as young as (Lisa Leap and Lynn eal, Writien commun )
7/9,7 The landsca.pe of the Lees Ferry and Lonely Dell Ranch area has changed noticeably in the o Paria River gaging station 0.6 km northwest of mapped area where deposits were dated and described by EOLIAN
PARIA ,I?,ESt 175 dyears (h%?' 1 ar;]d 2). Tbels,e rTrlnatctlzhed plhotoihca%tulr e t\(;VO I;llnrelate;l tydpes of ch.antg}:a : 600.000 - Hereford (1986). In map area, unit has three distinct levels that are probably related to diversion of the ea Active sand dunes (1996)—Very fine grained to fine-grained, well-sorted sand forming lightly vegetated active
cfhanf S}iap‘; re 9(13 S (f: ﬁnggs lm an an use ; ong the L.olorado niver and a decrease 1n the ' Paria River channel by construction of levees (unit rl). Unit pmt correlates with the modern alluvium of the dune fields: thickness 1-3 m
width of the channels of the Colorado and Paria Rivers. Virgin River and other southern Colorado Plateau streams (Hereford and others, 1996b) ’ . . . . N
Present land use is now almost entirely recreational, involving fishing, launching point for | Rep Tributary st deposit e Sam: ?l:jnes (ftilft?r 7?0?;0 1?01(;)—Veryt2n§ dgra}ngd to tf;}r.lel;gramici,‘lwell-ls)ortsld ,;,Ia nd }flornlmng lightly vege
whitewater rafting in the Grand Canyon, and hiking. The area was developed for recreation ! ributary stream deposits ated mostly inactive dune field on south side of river; thickness m. Pueblo-II archeologic remains are
PLATEAU beginning in 1963. This development resulted in the disturbed areas, roads, parking areas, boat i Reps af Alluvial-fan deposits (after 1884 to 1996)—Sand to small-cobble gravel having a roughly fan-shaped sur- present on' surfacg of unit (T. Burc.hett, orel commun., 199,5) and suggest surface could be as young as
launching ramps, and National Park Service (NPS) facilities shown on the geologic map and fig- S \ s face beneath steep slopes of gravel and bedrock; thickness 0—1 m. Unit overlaps hydraulic mining outwash 1200. Derived mainly from reworking of older alluvial deposits
ure 1A. Traditional uses were agriculture, livestock raising, hydraulic mining, and transportation. @ | ) (unit mo) in northern part of mapped area and overlies the younger terrace (unit yt) in western part of ARTIFICIAL FILL
Interestingly, this early activity was less visible in the landscape than development for recreation, é | unconformity mapped area mo Hydraulic mining outwash (around 1910)—Pale-greenish clay overlain by granule to pebble-size gravel; total
o as shown by figure 1 (A and B). = | COLLUVIUM thickn bout 50 al bles Petrified Forest Member of Chinle F. H d li ! i
& The land f the Lonely Dell Ranch has ch d the least h it | ickness abou cm. Clay resembles Petrified Forest Member of Chinle Formation and gravel is similar
N e landscape of the Lonely Dell Ranch area has changed the least from human activity Em ) i . . . . .
(fig. 2). Hiking is the principal recreational use of this area, leaving little mark on the landscape, | . . . . Landslide dep?51ts tlogiigua_ }?nmnear:y r?éHSIt?lpfs. 1U9r;t5)f?1rm: riO\rAtJ hre:ff ;an d;)mnstre?jm rof area mined hydraulically around
\3\\]@‘3 ﬁ:i:a r:afp as suggested by figure 2A. The once productive agricultural fields near the ranch are now aban- | pls Pleistocene landslide dep051t§ (rplddle? to late Pleistocene)—Poorly sorted blocks of l?rown and red sar'ld— ) | O psol and o i S, . ei‘ Ol lf fe 9‘? oI mappe .a ea . .
doned (fig. 2B). The orchards are maintained by the NPS, but the surrounding fields are not irri- | o stone and large, steeply .dlppmg, r(?tated segments of .Glen Canygn Group (Mesozoic) sandstone, which rl Riprap and levees (1963 to 1 9916)—1( ngular b.olc s.lo Kalb?b Formatlonhup to 1 m used to con§truct brlfdge
gated or planted. Future NPS plans include small native grass plots for restoration projects (K. | unconformity are Tor?\/tah bl(;)clis.f.asddle:fme(i ?}J[ Re;che 1Elgﬁ?)l. I?:eposﬁts: preientt mfastTrn paflrtpoft f?alcalpl:ed arte?v[ at obut- anti road abutments, and local surface material piled into levees and other structures used to divert surface
Crumbo, oral commun.). <zc | crops of the Petrified Forest Member of Chinle Formation; bentonitic clays of Petrified Forest Member water
The channel of the Colorado River is substantially narrower than in 1921 (fig. 1). The s | combined with moisture resulted in slope failure and landslides BEDROCK
v}]fdth of1t9h2elc}11\;a[nnel 1imrrlnejiately dowrflstream of Ctlhe righ;—bl’z:nk cagleway is ab(()ut) 50 m lescs1 E i Pk Talus Chinle Formation (Upper Triassic)
than in - Most of this decrease is from aggradation of the pre-dam terrace (pt) on a san ts Talus, undivided (Holocene)—Occurs in five styles or modes: (1) Cobble to large boulder-size, angular blocks ifi i ith distincti
bar visible in the 1921 photograph (fig. 1B). Aerial photographs show that the former sandbar i o,f Glen Canyim Group landstones- (2) tah?s] cones and sh(ee)ts beneath waﬁs of Glen Cariyong- (3) cobble Fep Petr(ljf letd Fofr est.tMeinber—I??ntomtlc rgudstonteh.arlig clagis;(())ne V(\g[: dls.tmcltg/ggs)h?de.s Olf gfreen, l:hlle’ and
. ; ; red; top of unit not present in mapped area; thickness m (Phoenix, ; typically forms talus-cov-
hasd/b(z,ggr(x)le(:)(\)/ggﬁ‘;a/te)d by ﬁt Clie'ast dl 937£.The fr elatlcxl/ely lov;/l flocrvsl z.:\fte'ar ttl;le %921 flolc;d of 16’2;.—)0 ‘ gravel reworked from older gravel deposits (unit gvo); (4) sheets of small to medium boulder-size blocks of ered slgpes P PP vpieay
m=/s ) §) resuited In deposition ol sand on a lloodplain in the former channel adja- Shinarump Sandstone Member of Chinle Formation beneath outcrops of Shinarump Sandstone; and (5 R gy — v o .
cent to the terrace rise of the intermediate terrace (it). The pre-dam terrace (pt) has evidently p I - ) ) P ! P i _( ? Reps Sandston'e‘ un¥t Light-colored, mefllum to coarse-grained, moderately well sorted‘ §111ceous sandstone;
b little affected b lated st f] ; l f Glen C Dam in 1963, St sheets of small boulder-size talus derived from reworking of Pleistocene landslide deposits (unit pls). Thick cross-stratified in beds 20-50 cm thick; forms ledge about 90 m above base of Petrified Forest Member;
een little affected by regulated streamflow since closure of Glen Canyon Dam in . Steep ness of unit varies widely from less than 1 m to greater than 10 m. Older talus deposits are typically dis- i _ ' '
banks have been cut into the terrace; otherwise it has not been eroded any more than the width sected and expose undezying bedrock. Sandstoneg blocks are distinctly and darkly v:r nished; ycillongerytalus kes Shtikrlieclﬁress aggrlﬁijtosnzl Member—Conglomeratic sandstone cross-stratified in lenticular beds 50-150 cm
of the post-dam zone (pdz), which varies from 0-20 m at this locality. Vegetation on all the ter- DESCRIPTION OF MAP UNITS cut-and-milled wood and cans and bottles dating from mid-1950s. Unit equivalent deposits overlying unit fdo have mean varnish darkness of 2.8 (Bull, 1991, p. 63-64; value + chroma/2; thick. sfﬁa 'p erosional contact with u?] derlying Moenkopi Formation; forms distinctive light-brown cliff
races has also changed substantially. In 1923, sa'mdbar willow was the dominant shrub anf:l salt- [All ages are anno Dormini (A.D.) unless otherwise indicated. Color codes from Goddard and others, 1948] to pre-<€1am alluvium of Hereford and others (1993, 1996a.; 199.8).an.d' H?reford small numbers indicate dark varnish and relatively large numbers indicate light varnish) thickéless 0-50 m (Phosnix. 1963) ; ;
cedar was probably absent (Turner and Karpiscak, 1980), whereas today saltcedar is the (1996) in Marble Canyon and eastern Grand Canyon on basis of similarities in veg- . ) . . o L . .
RESERVATION dominant shrub and less than two dozen willow remain only as stumps in the mapped area. ALLUVIUM etation, position in channel relative to post-dam zone (unit pdz), and flood debris » . .Debrls-flow d'eposn‘s o km Moenkopi Forn}atlon (Mlddl.e? gnd Lower .Trlassw)—Gypsn'erous, pal.e-red to dark-brown, slope-forming
The channel of the Paria River is also substantially narrower than in 1921 (fig. 2). This Terrace and flood-plain deposits of the Colorado River - Younger terrace (1884 to early 1920s)—Well-bedded, very fine grained, light-colored Fan-forming debris-flow deposits of large tributaries draining rim of Glen Canyon . mudstone, s.1ltstone, and silty 1.1m€5t0n€; thickness .100—140 m (Phoemx,. 1963) . N
36°15' decrease in channel width began during the early 1940s (Hereford, 1986). Aggradation along Posi- . silty sand with beds 10-20 cm thick; contains interbedded tributary sheetwash sand dfy Younger fan-forming debris-flow deposits (after 1400? to early 1900s)—Gravel consisting mainly of Pk Kaibab Formation (Lower Permian)—Cherty, yellowish-gray to light-gray silty dolomite, dolomitic sandstone,
- . ) ; . ost-dam deposits and surfaces o . ) . . .
0 5 KILOMETERS with narrowing of the former channel (fig. 2A) built up the modern terrace of the Paria River _ _ ) and pebble-size gravel near tributaries; exposed thickness 3-4 m. Interbedded with angular to sublangular cobbles to small boulders of sandstone of Glen Canyon Group and cobbles of sili- and minor sandstone; thickness 70-100 m (Phoenix, 1963); base of unit not present in mapped area.
‘ ‘ ( i : ; o : ; pdz Post-dam zone (1963-1996)—Very fine grained, light-colored sand and gravel; : Bty ’ . : " . . . liffs al lorado Ri d al D f d
pmt). In addition, the junction of the Paria with the Colorado River shifted southwest 1.5 km P " 1 4 thickness 0-9 Flovats ; 949-952 unmapped alluvium of Paria River at mouth of Paria Canyon. Elevation ranges ceous sandstone from Petrified Forest Member of Chinle Formation; clast- to matrix-supported texture; Forms cliffs along Colorado River and along Paria River in western part of mapped area
LOCATION OF MAP AREA, WESTERN GRAND CANYON, ARIZONA (0.9 mi) in 1912 according to Reilly (1999). A photograph taken in 1873 (Turner and Karpis- epost sblpoory I\]j[resgrve  thict esls B rrll evation ra?ggsl ror; Ri - S n; from 953-955 m on north side of river downstream of cableway. Saltcedar locally thickness 1-2 m. Boulders are fresh appearing with none to slight rock varnish. Overlies unit fdy on south
cak, 1980, fig. 32A) shows the mouth of the river southwest of the long-term parking lot, on nealtrt'lca d'er}%y.t dos Jan T.r%mong ;obne taong thargin lo tbo ol:a C()i. ver ladn abundant on terrace; trees are rooted on surface and post-date deposition; ring side of river 300 m east-southeast of gaging station. Equivalent to younger fan-forming debris-flow depos- — Contact
what is now the pre-dam terrace. This junction was abandoned after 1912 and before 1917 and SPOTTy distributed on gravel; bounded by steep, erosional cuibanks adjoining olcer counts indicate germination in early to mid-1960s. Stumps of willow present its of eastern Grand Canyon and Marble Canyon (Hereford, 1996; Hereford and others, 1993; 1996a;
bsequently covered by deposition of the pre-dam terrace (pt) and modern terrace of the terraces. Dense groves of small, relatively mature saltcedar trees present locally; i i i 1998) on basis of lack of ish and soil devel t 2 i i
was subseq Yy Y dep P p tree-ring counts indicate germination in 1963. Equivalent to units ff, hf, and fs of locally. Unit yt probably correlates with lower mesquite terrace of Hereford and on basis Of lack ot varnish and soil developmen 1 Strike and dip of bedrock
Paria River. Hereford (1996). Hereford and others (199:}), 1996a: 1998) ané Léschin and others (1993; 1996a; 1998) and Hereford (1996) in Marble Canyon and eastern dfi Intermediate debris-flow deposits (660? to 1200)—Gravel consisting mainly of angular to subangular cob- J—
Schmidt (1995) ’ ’ ’ ’ Grand Canyon bles to medium-size boulders of sandstone of Glen Canyon Group and cobbles of siliceous sandstone from - _D Driftwood
it Intermediate terrace (1400? to 1883)—Well-bedded, very fine grained, light-colored Petrified Forest Member of Chinle Formation; clast- to matrix-supported texture; thickness 1-3 m. On
Pre-dam terraces and related deposits silty sand with beds 10-20 cm thick; contains interbedded sheetwash sand and peb- south side of river 120 m south-southeast of gaging station, unit dfi is interbedded with flood deposits of disturbed | Disturbed area of mostly covered, unmappable surficial geologic materials—Disturbance caused by con-
Iz SCALE 1:2 000 pt Pre-dam terrace (early 1920s to 1957-1958)—Well-bedded, very fine grained, light- ble gravel near tributaries; thickness 4-5 m. Unit interbedded with unmapped allu- Colorado River (unit fdi) at 957 m elevation. Boulders are distinctly varnished; varnish darkness ranges struction and presence of roads, bridges, vehicle parking lots, boat launching ramps, gravel pits, and
I . ., : S = colored silty sand with beds 10-20 cm thick; exposed thickness 1-3 m. Interbed- vium of Paria River at mouth of Paria Canyon. Elevation ranges from 953-956 m from 3.2 to 3.5. Beneath surface, undersides of boulders have incipient Stage-I carbonate morphology L National Park Service maintenance facilities
z| | _—— 11— ¢ ARIZONA Figure 1. (A) Colorado River and Lees Ferry area from Spencer Trail; view to the southwest, Figure 2. (A) Lonely Dell Ranch and Lees Ferry area; view to southeast, photograph taken May ded with lower part of alluvium of modern terrace of Paria River (unit pmt) at on north side of river downstream of cableway. Saltcedar and willow not present (Bull, 1991) of thin discontinuous \_Nhite coatings of calcium carbonate. Unit correlates with intermediate- Q Roads, parking lots and other automobile facilities
2l g CONTOUR INTERVAL 1 METER photograph taken May 8, 1996 by Richard Hereford. (B) Approximately same scene as 1A, 7, 1996 by Richard Hereford. (B) Approximately same scene as 2A, photograph taken 1921. mouth of Paria Canyon. Elevation ranges from 951-953 m near cableway. Mature on terrace. A photograph of north bank of Colorado River taken in 1873 shows age, fan-forming debris-flow deposits of eastern Grand.Canyon and Mar.ble. (.:anyon. (Hereford and others,
g|/g NATIONAL GEODETIC VERTICAL DATUM OF 1929 photograph taken 1921. Several of the mapped units are shown with labels; line across river is Several of the mapped units are shown where they occur at the north boundary of map area. saltcedar trees in dense groves partly buried in alluvium are typical; part of unit intermediate terrace (unit it) between present parking area and boat-launch ramp N 1993; 1996a; 1998; Hereford, 1996) on basis of varnish darkness and incipient soil development [ | Buildings and other structures
APPROKIATE MEAN AREA OF MAP cableway. From Emery Kolb Collection (accession no. 568-4600), Special Collections Library, From Emery Kolb Collection (accession no. 568-1383), Special Collections Library, Northern post-dates 1935 on basis of ring counts from tree rooted beneath terrace on south (Turner and Karpiscak, 1980, plates. 32A, 33A); at that time terrace was densely Unit b of older debris-flow deposits (before 770-400? B.C. to 660)—Gravel consisting mainly of angular
DECLINATION, 2000 Northern Arizona University, Flagstaff. Arizona University, Flagstaff. side of river upstream of gaging station. Driftwood on terrace contains abundant covered with rabbitbrush and fresh-appearing driftwood. Intermediate terrace is e to subangular cobbles to medium-size boulders of sandstone of Glen Canyon Group and cobbles of sili- ———— Foot trail
\ \ \ \ \ \ \ ‘ ‘ ‘
111°36°15" 111°36° 111°35°45" 111°35°30" 111°35"15" 111°35° 111°34°45" INTERIDR—GEOLOGICAL SURVEY, RESTON, VA—2000

Compiled by Photogrammetry Section, Branch of Astrogeology, Flagstaff, Arizona
Aerial photography of 5 May 1993, Approximate scale 1:4,800

Ground control by Glen Canyon Environmental Studies Survey Department
Water level at approximately 226 m3/s.

Geology mapped in 1996

Edited by Jane S. Ciener; cartography by Darlene A. Casebier and Hugh F. Thomas

MAP SHOWING QUATERNARY GEOLOGY AND GEOMORPHOLOGY OF THE LEES FERRY AREA, ARIZONA orsrot g orpcain St 1. 15

Any use of trade, product, or firm names in this publication is for descriptive
By purposes only and does not imply endorsement by the U.S. Government

For sale by U.S. Geological Survey, Information Services, Box 25286,

ISBN O-

bl
78

0607

07-qu42éa-7 Federal Center, CO 80225, 1-888-ASK-USGS

42828

Richard Hereford, Kelly J. Burke, and Kathryn S. Thompson ‘
2000 9

Available on World Wide Web at http://geopubs.wr.usgs.gov/data.html

@ Printed on recycled paper



