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COVER Landsat 4 photo taken January 15, 1983 about 438 miles

(705 km) above the eastern Grand Canyon region of northern Arizona.
Photo credit: Photo courtesy of U.S. Geological Survey, National
Mapping Division, Flagstaff, Arizona.
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PREFACE

The scheduling of the International Geological
Congress field trips T-115 and T-315 through the Grand
Canyon during the summer of 1989 has provided an
unparalleled opportunity not only to prepare detailed
river trip logs describing geologic and hydraulic features
that may be observed from Lees Ferry to Lake Mead, but
also to compile a modern summary of Grand Canyon
geology. To persons unfamiliar with details of the
geology, it is commonly supposed that no major
problems exist because of the superb and extensive
exposures. One objective of this volume is to identify
and place in perspective some of the salient problems that
remain.

Geologic and hydraulic river trip logs (chapters 1 and
2) are designed to be used during a river trip through
Marble Canyon and the Grand Canyon. These logs are
followed by a review of hydraulic characteristics of the
Colorado River (chapter 3). Physiographic, geologic,
and structural settings, found in Chapters 4-7, serve as a
general review for the geologist and non-geologist alike.
Geologic characteristics of the Early Proterozoic
crystalline basement, and of stratified and intrusive rocks

of the Middle and Late Proterozoic Grand Canyon,
Supergroup, are summarized in Chapters §-11. Of’

particular interest is an interpretation that the Late
Proterozoic Chuar Group accumulated mainly in a
lacustrine rather than a marine environment of
deposition, and that carbonaceous strata of the Chuar
Group may have served as a potential source of
Precambrian oil. A preliminary, stratigraphically
controlled, apparent polar wandering path developed
from Proterozoic and Paleozoic rocks of the Grand
Canyon and environs is shown in Chapter 12; the polar
path and polarity zonation lead to correlations with poles
reported from Proterozoic rocks elsewhere in North
America, and the character of the polar path may reflect
the nature of movement of the North American plate with
respect to episodes of tectonism.

The Paleozoic stratigraphy of the Grand Canyon is
summarized in Chapter 13. Although one might suppose
that problems in correlation of the Paleozoic strata are
non-existent because of virtually continuous exposures
in the walls of the canyon, such a supposition is
dispelled in Chapters 14 and 15. Problems concerning
the stratigraphic nomenclature and nature of correlations
in the Cambrian Tonto Group are raised in Chapter 14.
A revised correlation scheme, proposed in Chapter 15,
leads to a somewhat different understanding of the nature
and timing of the west-to-east Cambrian marine
transgression across the area of the Grand Canyon.
Fission track dates from zircon in ash at two horizons in
the Cambrian Tonto Group are reported in Chapter 17;
the date from one horizon provides an approximate age
for the Early-Middle Cambrian boundary.

The stratigraphy of Mesozoic rocks exposed in the
area of Lees Ferry, the point of departure for the river

trips, is summarized in Chapter 16. The Mesozoic strata
remain out of view following departure from Lees Ferry.
Although Mesozoic strata were deposited across the
Grand Canyon region, most were removed by an
episode of late Mesozoic-early Cenozoic erosion related
to the Laramide orogeny. This episode of erosion led to
an ancient, stripped (and now high-level) plateau surface
which forms the rim of the Grand Canyon.

Chapters 17-24 deal with a variety of subjects and
problems that bear on Cenozoic development of the
landscape of the region. The time of canyon cutting
remains the most widely discussed question among
travelers who view and pass through the Grand Canyon.
Chapter 17 reviews evidence from cooling ages derived
from fission track dating on apatite, which indicate
plateau uplift occurred in two separate increments: 1) an
older event related to Laramide folding and faulting about
65 m.y. ago, and 2) a younger, post-middle Eocene
event. The second event would appear to best
correspond with the lack of confirmed Oligocene
deposits in central and northern Arizona for the interval
37-26 m.y. Evidence bearing on development of the
landscape of central and northern Arizona during the
Cenozoic, and on restrictions that can be placed on the
time of cutting of the Grand Canyon, are summarized in
Chapter 18. Evidence for the regional accumulation of
of clastic and lacustrine deposits ("Rim gravels") across
the stripped plateau surface during Paleocene and Eocene
time is summarized in Chapter 19, and these deposits
appear to correlate with Paleogene deposits of the high
plateaus of Utah to the north. The ancestral Colorado
River clearly needed to be established across these Rim
gravels prior to establishment of the Colorado River on
underlying Paleozoic strata and cutting of the Grand
Canyon. In Chapter 20, evidence is reviewed for a
southwestern margin of the Colorado Plateau elevated
during Late Cretaceous and early Paleocene time, which
set the stage for deposition of the Paleocene-Eocene
clastic and lacustrine deposits.

A major hiatus encompassing most of Oligocene time
exists in the region. The hiatus, for which there is no
demonstrated geologic record, presumably reflects an
increment of uplift recorded by the post-middle Eocene
cooling event recorded by the fission track dates. From
regional considerations, the Oligocene may have been the
time that the present major topographic elements below
the high plateau surface became defined, and possibly
was the time of cutting of a major part of the Grand
Canyon. Within the Grand Canyon, the potentially
oldest Neogene deposits are inferred to be much younger
than Oligocene in age. The nature and distribution of a
group of undated deposits of aggradation within Marble
Canyon and the Grand Canyon are summarized in
Chapter 21. Because these may be interpreted to record
an episode of aggradation following cutting of the Grand
Canyon to essentially its present depth, it is proposed

xiii



o S




1

-

i

‘.

P

o e .
J -

) wr
|

P

]

= - n i
l- -

’-

g

e e

3 B ]
€
‘- - "-

- ‘-

that these deposits may correlate with late Miocene and
Pliocene deposits of aggradation found elsewhere in the
region. The petrology of late Cenozoic basaltic flows
(=<7 Ma) of the western Grand Canyon region is
summarized in Chapter 22. The younger, spectacular
Pleistocene lava flows that formed a series of dams in the
western Grand Canyon are described in Chapter 23
(from their normal polarity, they could be entirely
younger than 720,000 years); speculations are presented
on the character and distribution of lakes and deposits
that may have been formed behind the temporary lava
dams. The distribution and uranium-trend ages of
alluvium and soil overlying Quaternary terraces in
Marble Canyon and the eastern Grand Canyon are given
in Chapter 22; in this chapter, gravel deposits that are
proposed to be late Miocene and Pliocene age in Chapter
21 are assigned to the Quaternary. Thus, the the stage is
set in Chapters 21 and 24 for further study of the late
Cenozoic deposits of aggradation within the Grand
Canyon..

Miscellaneous geologic structures and features are
described in Chapters 25-29. In Chapter 25, the
distribution and origin of breccia pipes developed in
Paleozoic rocks of the region are described, and
information is presented indicateing a Mesozoic age for
the time of mineralization. Gravity structures related to
erosion and unloading in the Grand Canyon are
described in Chapter 26. Mining activity in the region is
summarized in Chapter 27, and in Chapter 28, an
account is given of an attempt at mining guano from a «
cave in the western Grand Canyon. Lastly, a meteorite
strike in the western Grand Canyon that resulted in
abandonment of an Indian settlement is recounted in
Chapter 29.
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CHAPTER 1: GEOLOGIC LOG OF THE COLORADO RIVER FROM
LEES FERRY TO TEMPLE BAR, LAKE MEAD, ARIZONA

George H. Billingsley and Donald P. Elston
U.S. Geological Survey, Flagstaff, Arizona

INTRODUCTION

Geological features of interest along the Colorado River from Lees Ferry to Temple Bar on Lake Mead, a
distance of 312 miles (502 km), are indicated on this log. The log is meant to be used with one of many
commercially available Colorado River map guides. Geological maps of the Grand Canyon, references to which
are found at the end of this volume, would usefully supplement this guide. An * preceding the river mile indicates
a feature or structure of interest, or the initial appearance of a formation or member.

Colorado River mileage starts at Lees Ferry, Arizona (mile 0). Elevation of the Colorado River at mile 0 is
3,116 feet (949.8 m). Elevation at Lake Mead (high pool level) is 1,157 feet (352.7 m). The drop of 1,959 feet
(597 m) in 235 miles (378 km) results in an average gradient of 8.3 feet/mi (2.5 nvkm). For a geographic and
physiographic overview of the region, see Figures 4.1 and 4.2. Figure 1.1 is a schematic cross section of rocks of

the Grand Canyon.
MILE (KILOMETER)

*0 (0) Boat ramp is on river alluvium that covers the Petrified Forest Member of the Chinle
Formation (Upper Triassic). The multicolored shales of this member (fig. 1.2) are seen to the north behind old
Fort Lee (established 1876; Mormon river crossing station connecting with communities to the south and route of
the "Honeymoon Trail"). The prominent cliff across the river at river level (fig. 1.3), in which a cable for a water
gauging station is anchored, is formed by the basal Shinarump Member of the Chinle Formation (chapter 16). Pre-
Pleistocene(?) gravel mantles much of the Mesozoic outcrop near the river in the Lees Ferry area (chapter 21). A
discussion of the flow and sediment transport at the Lees Ferry gauge is given in Chapter 3.

0.1 (0.16) Moenkopi Formation (Lower and Middle? Triassic) on left, below gauging station.
0.3 (0.2) Debris fan of Paria River on right.
0.5 (0.4) Echo Cliffs Monocline; strata are tilted northeast about 15°. Several joints and fractures in the

next mile (1.6 km) are probably related to stresses associated with development of monocline during Laramide
deformation, which began about 65 million years ago (chapter 7).

*0.8 (1.3) Unconformity between the red Lower and Middle(?) Triassic Moenkopi Formation and
underlying gray Lower Permian Kaibab Formation (or Limestone) on left (fig. 1.4). Terrace deposits of pre-
Pleistocene(?) age on right (chapter 21). (For a summary description of the Paleozoic strata of the Grand Canyon,

see chapter 13 and figure 13.1).

0.8 (1.3) Mouth of Paria River.

1.5 (2.4) Fault: downstream side is up about 35 feet. (10.7 m) NOTE: All faults are normal unless
otherwise stated.

*2.1 (3.4) Contact between Lower Permian Kaibab Formation and underlying Toroweap Formation.
3.4 (5.5) Entering small graben; strata drops about 20 feet (6.1 m). Kaibab strata are draped across the

fault. Toroweap has a three-fold subdivision characterized by a slope-cliff topography with a small recess at the
base, commonly seen on the right side of the river. Because of an abrupt facies change farther downstream, the
Toroweap forms an unbroken cliff with the Kaibab Formation and Coconino Sandstone mostly on the left side of
the river. Cross-bedded sandstone of the lowermost Toroweap can be mistaken for Coconino Sandstone.

4.1 (6{.6) Leaving graben, downstream strata is up about 20 feet (6.1 m). Kaibab strata are draped
across fault.

4.3 (6.9) Navajo Bridge, built in 1928, is 467 feet (142 m) above Colorado River. Permian Coconino
Sandstone appears on right just upstream from bridge.

*4.5 (7.3) Contact of Toroweap with crossbedded Coconino Sandstone.

*3.9 (7.9) Contact of Coconino Sandstone with underlying (earthy red) Hermit Shale. Best seen on
left. Note thin clastic dikes in Hermit filled with Coconino detritus, indicative of an hiatus in deposition.

7.2 (11.6) Fresh rock fall on left came from canyon rim in the spring of 1970. Note cliff-slope relations

between Kaibab and Toroweap Formations here (fig. 1.5) in contrast to sheer cliff formed by these formations seen
downstream at mile 50 (km 80) (fig. 1.15).
7.3 (11.8) Fault; downstream side is down about 2 feet (.6 m).

T115/315: 1
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FIGURE 1.1. Schematic cross section of the
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FIGURE 1.2. View upstream from near Gauging Station at Lees Ferry looking north at Triassic
and Jurassic strata in the Vermilion Cliffs. Navajo Sandstone (J&n); Kayenta Formation (Rk);
Moenave Formation (Em); Chinle Formation (Rc).
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FIGURE 1.3. View across the Colorado River near the Gauging Station at Lees Ferry. Triassic
, rocks here dip 14° to the northeast on Echo Cliffs monocline. Contacts dashed where
I approximately located. Chinle Formation, Petrified Forest Member (& cp), Shinarump Member
| (Rcs); Moenkopi Formation (Rm).



FIGURE 1.4. Unconformity between the Triassic Moenkopi Formation (km) and Permian
Kaibab Formation (Pk). Left bank, looking downstream at mile 0.8 (km 1.3).

7.6 (12.2) Fault; downstream side is up about 10 feet (3.1 m).

7.7 (12.4) Above Badger Rapid. The highest Colorado River pre-Pleistocene? gravel deposit lies 750
feet (230 m) above and behind the visible rim of the canyon, on right (chapter 21).

7.8 (12.6) Badger Creek Rapids; a 15 feet (4.6 m) drop.

*8.5 (13.7) Begin cemented cones of colluvium and alluvium on Hermit Shale, about 200 feet (60 m)

above river on right and left (fig. 1.6); apexes of cones abut zones of carbonate-salt seepage at base of Coconino
Sandstone. Cones extend to the south to at least mile 28 (km 45) rising high above river level. The cemented talus
is stratified, above which unstratified talus accumulated prior to dissection of the cones and unconsolidated talus by
erosion.

10.0 (16.1) Ten Mile Rock is a calcareous sandstone block derived from the Toroweap Formation. On
both sides of the river for the next mile (1.6 km) are examples of small scale landslide blocks that have rotated
backwards towards the parent wall from which they slid due to undercutting of the softer Hermit Shale. Most
canyon widening results from this type of mass-wasting.

10.1 (16.3) Fault; downstream side is down about 2 feet (0.6 m).
11.2 (18.0) Soap Creek Rapids; a 17 feet (5.2 m) drop.
*11.4 (18.3) Contact of red-brown to grayish red Hermit Shale with underlying cliff-forming, cross-

bedded grayish red Esplanade Sandstone (fig. 1.7). The contact is marked by an unconformity, underlain by a
zone of bleaching and overlain by a limestone pebble conglomerate; contact is best seen on left side of river on
bench.

13.2 (21.2) Well developed low angle cross-bedding in sandstone of the Esplanade, on right. Cross-
beds display dominantly south-directed foreset beds.

14.4 (23.2) Sheer Wall Rapids; an 8 feet (2.4 m) drop. Tanner Wash enters on left.

*14.8 (23.8) Large fossil reptillian footprints on a slab of Esplanade Sandstone near river level, on left;

Thallasonoides-like burrows and rare mudcracks occur in some beds. Good cross-beds for photography next 0.2
mile, on left.

*17.0 (27.4) House Rock Rapids; a 10 feet (3.1 m) drop. Unconformable contact of Esplanade with
underlying Pennsylvanian Wescogame Formation is marked by limestone pebble conglomerate; best seen on left
wall adjacent to rapids.

17.5 (28.2) Breccia pipe in Esplanade Sandstone and Wescogome Formation on left. Pipe exhibits some
bleaching; easily missed, but this is the first of several such structures to be seen in next 9 miles (14.5 km).

18.0 (29.0) Approximate area of contact of Pennsylvanian Wescogame and Manakacha Formations;
difficult to identify; no change in stratigraphy evident (figs. 1.8 and 1.9).

18.3 (29.5) Collapse structure (breccia pipe at depth) in Pennsylvanian Manakacha Formation, on left:
structure is inferred to root in Redwall Limestone.

T115/315: 4

LS 2R



%

it

2,
y

2

1)

]

FIGURE 1.5. View looking upstream showing the cliff/slope
relationships. Contacts dashed where approximately located.
Moenkopi Formation (Trm); Kaibab Formation, Harrisburg
Member (Pkh), Fossil Mountain Member (Pkf); Toroweap
Formation, Woods Ranch Member (Ptw), Brady Canyon Member
(Ptb), Seligman Member (Pts); Coconino Sandstone (Pc); Hermit
Shale (Ph).

18.5 (29.8) Boulder Narrows. This large block from Toroweap Formation was part of a large pre-
historic rock fall. Driftwood on top is from the last pre-Glen Canyon dam flood in 1957.

*18.8 (30.3) Collapse structure (breccia pipe at depth) in Manakacha Formation, on left; 30+ feet (10 m)
across; note downwarped beds.

19.0 (30.6) Fault; downstream side is up about 16 feet (5 m).

20.0 (32.2) Small arch in Esplanade Sandstone, near top of cliff on left.

*20.2 (32.5) Unconformity between Pennsylvanian Manakacha and Watahomigi Formations (figs. 1.8
and 1.9); overlain by limestone pebble conglomerate (exposed at mouth of North Canyon).

20.5 (33.0) North Canyon Rapids; a 12 feet (3.7 m) drop. Watahomigi Formation well exposed
downstream for next half mile (0.8 km).

21.2 (34.1) 21-Mile Rapids; a 12 feet (3.7 m) drop.

21.8 (35.1) Fault; downstream side is down about 50 feet (15.2 m). Mudcracks in block of Watahomigi
Formation on left (tilted eastward and rotated downward on south side of fault).

21.9 (35.2 Fault; downstream side is down about 8 feet (2.4 m). The Kaibab and Toroweap Formations

(Permian) on the high rim dip upstream about 10°, opposite to displacements on faults in the area.
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FIGURE 1.6. Stratigraphy of the left (east) wall of the Colorado River at mile 9.2 (14.8 km).
Contacts dashed where approximately located. Kaibab Formation, Fossil Mountain Member (Pkf);
Toroweap Formation, Woods Ranch Member (Ptw), Brady Canyon Member (Ptb), Seligman
Member (Pts); Coconino Sandstone (Pc); Hermit Shale (Ph); cemented talus (t).
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FIGURE 1.7. Left bank of Colorado River at mile 11.5 (18.5 km) showing contact between
Hermit Shale (Ph) and Esplanade Sandstone (Pe). Contacts dashed where approximately located.
Toroweap Formation, Woods Ranch Member (Ptw), Brady Canyon Member (Ptb), Seligman
Member (Pts); Coconino Sandstone (Pc).
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22.7 (36.5) Fault; downstream side is down about 2 feet (0.6 m).

*23.0 (37.0) Contact of slope-forming Watahomigi Formation with underlying light gray Redwall
Limestone (Mississippian); contact is mostly covered (figs. 1.8 and 1.9). Four members of Redwall Limestone
will be seen in the next 12 miles (19 km). They are, from top to bottom, 1) Horseshoe Mesa Member forming
karsted ledges and cliffs; 2) Mooney Falls Member, forming a sheer banded cliff (alternating limestone and
dolomite), with minor chert; 3) Thunder Springs Member, forming a cherty banded, in part large scale, wavy
bedded cliff, and 4) Whitmore Wash Member, forming a massive cliff (figs. 1.11 and 1.12).

23.1 (37.2) A large collapse structure, partially brecciated, is well exposed on left wall; affects entire
section of Supai Group. Best observed by looking upstream before going into 23-Mile Rapids (fig. 1.8).
Reentrant and brecciated zone in Coconino Sandstone and Toroweap Formation in high background is not related
to breccia pipe..

23.2 (37.3) 23-Mile Rapids; about a 5 foot (1.5 m) drop.

*23.3 (37.5) The Surprise Canyon Formation, a dark red, in part regolithic siltstone unit of Late
Mississippian and Early Pennsylvanian(?) age, is well exposed on right at bottom of 23-Mile Rapids (fig. 1.9).
The Surprise Canyon, preserved in channels and valleys, is discontinuous throughout the Grand Canyon.

23.5 (37.8) 23.5-Mile Rapids; about a 4 foot (1.2 m) drop.

24.2 (38.9) 24-Mile Rapids; about a 4 foot (1.2 m) drop. Fault; downstream side is down about 7 feet
(2.1 m).

(Note: Mile 24 to 25 is about 1.3 mi. (2.9 km) in length due to an error on old maps.)

24.3 (39.1) Large collapse structure with bleached sandstone in Pennsylvanian Manakacha Formation,
exposed high on left.

24.5 (394) 24.5-Mile Rapids; a 9 foot (2.7 m) drop. Patch of Surprise Canyon Formation on the
right bank.

24.8 (39.9) Fault; downstream side is up about 9 feet (2.7 m).

25.0 (40.2) 25-Mile Rapids; an 8 foot (2.4 m) drop. A breccia pipe in the Redwall Limestone is seen
on right side of the rapids; a cave associated with this collapse is seen in Redwall Limestone just above river on
left, below the rapids.

25.5 (41.0) Cave Spring Rapids; a 6 foot (1.8 m) drop. Fault; downstream side is up about 22 feet
(6.6 m).

26.4 (42.5) Sediment- and breccia-filled karst cave in Redwall Limestone, on left.

b

FIGURE 1.8. Breccia Pipe at mile 23.1 (37.2 km), left bank (east). View is looking upstream
from 23-Mile Rapids. Contacts dashed where approximately located. Hermit Shale (Ph);
Esplanade Sandstone (Pe); Wescogame Formation (FPwe); Manakacha Formation (FPm);
Watahomigi Formation (FPwa); Redwall Limestone (Mr).
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FIGURE 1.9. View downstream to slope of Surprise Canyon Formation near bottom of 23-Mile
Rapids. Contacts dashed where approximately located. Kaibab Formation (Pk); Toroweap
Formation (Pt); Coconino Sandstone (Pc); Hermit Shale (Ph); Esplanade Sandstone (Pe);
Wescogame Formation (FPwe); Manakacha Formation (Pm); Watahomigi Formation (FPwa);
Surprise Canyon Formation (PMs); Redwall Limestone (Mr).

26.7 h(43.0) 27-Mile Rapids; a 7 foot (2.1 m) drop. Breccia pipe well exposed at beginning of rapids
on right.

26.8 (43.1) A small rapid occurs here at low water (below 5,000 cfs) because of a rockfall from the right
wall in 1975. Rapids formed entirely by rockfalls are rare in Grand Canyon.

29.1 (46.8) 29-Mile Rapids; a 7 foot (2.1 m) drop; Shinumo Wash on left.

30.3 (48.8) Fence fault; downstream side is down about 210 feet (64.0 m). Several warm springs
emerge from Redwall Limestone on left bank at low water levels, just downstream from fault.

30.5 (49.1) Fault; downstream side is down about 60 feet (18.3 m). Small springs emerge from Redwall
Limestone on right.

31.0 (49.9) Fault; downstream side is up about 2 feet (.6 m).

31.2 (50.2) . Archinacave in the Redwall Limestone on left, about 150 feet (45.7 m) above river. Figure

1.10 shows Paleozoic section as photographed from the arch.
*31.7 (51.0) Stantons Cave on right; archeological site.

*31.9 (51.3) Vasey's Paradise. Flow of springs fluctuates in response to rains and annual snowfall on
Kaibab Plateau. Beware of poison ivy.
32.8 (52.8) Test adit (1952) for proposed Marble Canyon dam site, on right (will not be built).

*33.0 (53.1) Redwall Cavern; carved into Thunder Springs Member of Redwall Limestone. Note
wavy bedding of this member down stream, perhaps reflecting a pulse of deformation prior to end of accumulation,
or a depositional feature, or possible algal mounds.

34.1 (54.9) Several small springs emerge from the Whitmore Wash Member of the Redwall Limestone
for the next 0.25 mi (0.4 km), on right.
*34.8 (56.0) Nautiloid Canyon on left; several fossil orthocone nautiloids may be observed on canyon

floor in Whitmore Wash Member of Redwall Limestone, just below contact with overlying Thunder Springs
Member. (Wet for best viewing.). Note karst breccia in Whitmore Wash Member opposite Nautiloid Canyon.
*35.1 (56.5) Disconformable contact between gray Whitmore Wash Member of Redwall Limestone and
underlying gray Cambrian "unclassified dolomite" (figs. 1.11 and 1.12). The unclassified dolomite was originally
included with the Muav Limestone of the Tonto Group, however, it disconformably overlies the Havasu Member
of Muav Limestone (Middle Cambrian). Note pockets of red mudstone beneath the unclassified dolomite here.
This dolomite may correlate with dolomite underlying the Upper Cambrian Dunderberg Shale Member of Nopah
Formation exposed along U.S. Route I-10 in the Virgin River Gorge of northwestern Arizona.
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FIGURE 1.10. View of stratigraphy in Marble Canyon looking southwest to South Canyon from mile 29.5
(47.5 km). Contacts dashed where approximately located. Kaibab Formation (Pk); Toroweap Formation
(Pt); Coconino Sandstone (Pc); Hermit Shale (Ph); Esplanade Sandstone (Pe); Wescogame Formation
(FPwe); Manakacha Formation (FPm); Watahomigi Formation (PPwa); Surprise Canyon Formation not
present here; Redwall Limestone, Horseshoe Mesa Member (Mrh), Mooney Falls Member (Mrm).

*35.3 (%56.8) Contact of Upper Cambrian unclassified dolomite with platy, thin bedded limestone of
Havasu Member of Muav Limestone (Middle Cambrian); only about 20 feet (6 m) of Upper Cambrian dolomite
preserved here (fig. 1.12).

35.7 (57.4) Arch in Redwall Limestone about 150 feet (46 m) above river in small drainage, on right.
This area has many solution caverns forming along joints that trend in a northeasterly direction and parallel a large
fault 2 miles (3.2 km) to the southeast. These joints, which cross the river at several places downstream, are
referred to here as the 36-Mile joint system.

35.9 (57.8) Large cavern on left filled to roof with blocks and debris.

36.0 (57.9) 36-Mile Rapids; about a 4 foot (1.2 m) drop.

*36.4 (58.6) Lower unit of Havasu Member of Muav Limestone appears.

36.6 (58.9) 36-Mile joint system crosses river here.

37.0 (59.5) View downstream toward first of several Devonian channels; on left bank.

*37.8 (60.8) Channel occupied by Middle and Late Devonian Temple Butte Limestone ( or Formation) is
located about 60 feet (18 m) above river level on left bank (fig. 1.12). Channel has about 100 feet (30 m) of relief
and cutting through Upper Cambrian unclassified dolomite, well into Havasu Member of Muav Limestone.
Channel can be distinguished not only by its U-shaped outline, but also by irregular bedding and a purple to white
color of the beds that contrast with the homogeneous bedding and gray color of the Redwall Limestone and the
unclassified Cambrian dolomite (Nopah equivalent). Several other channels will be seen down river. A sandy,
irregularly bedded dolomite, purplish to red brown and exhibiting a bleached top, occupies the channel; two
additional units each about 3 feet (1 m) thick and bounded by unconformities, are present at the top of the channel
section along this immediate reach of the river. The lower of the two thin units is a white, bleached, aphanitic
dolomite, whereas the upper of the two units is a dark gray dolomite that emits a fetid odor when struck by a
hammer. These thin units are best examined in the alcove developed in the Redwall Limestone at the top of this
first channel. The three-fold subdivision of the Temple Butte is similar to the stratigraphy of Devonian units of
central Arizona, 1) the lower and 2) the upper units of the Beckers Butte Member of the Martin Formation, and 3)
the fetid dolomite unit of the Jerome Member of the Martin Formation. The two upper units also can be observed
from the river at mile 38.2 (km 61.5) on the left.
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FIGURE 1.11. Stratigraphic section looking downstream at mile
36.3 (58.4 km). Contacts dashed where approximately located.
Kaibab Formation (Pk); Toroweap Formation (Pt); Coconino
Sandstone (Pc); Hermit Shale (Ph); Esplanade Sandstone (Pe);
Wescogame Formation (IPwe); Manakacha Formation (IPm);
Watahomigi Formation (IPwa); Redwall Limestone, Horseshoe
Mesa Member (Mrh), Mooney Falls Member (Mrm), Thunder
Springs Member (Mrt), Whitmore Wash Member (Mrw);

unclassified dolomite ¢€u).
38.0 (61.1) 36-Mile joint system crosses river.
38.3 (61.6) Devonian channel on left is tributary to a larger channel just downstream. Note two thin,

discontinuous dolomite units of the Temple Butte at top of section; the lower is light gray and the upper is dark gray
and irregularly bedded; each is about 1 m thick.

38.4-38.5 (61.8-61.9) Devonian channel diagonally crosses river.

*39.2 (63.1) Thin bedded limestone of upper part of Gateway Canyon Member of Muav Limestone makes
its appearance. The shaly appearance of this member downstream resulted in its assignment to the Bright Angel
Shale of the Tonto Group on an early geologic map. This member becomes rather sandy a short distance to the
south.

39.3 (63.2) Test adits on left and right mark site of proposed (1946) Marble Canyon Dam (will not be
built).

39.8 (64.0) Devonian channel on both sides of river. The 36-Mile joint system crosses river.

40.5 (65.2) 36-Mile joint system Crosses river.

40.8 (65.6) Devonian channel trend crosses river. Thin-bedded, green shaly sandstone of Gateway
Canyon Member of Muav Limestone on right and left.

41.0 (66.0) Buck Farm Canyon. Begin well cemented talus on Gateway Canyon Member of Muav

Limestone, on left.
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FIGURE 1.12. First view, looking downstream, of erosional unconformity (Devonian channel) cut into
Cambrian unclassified dolomite; left bank at mile 37.8 (km 60.8). Contacts dashed where approximately
located. Redwall Limestone, Mooney Falls Member (Mrm), Thunder Springs Member (Mrt), Whitmore
Wash Member (Mrw); Temple Butte Limestone (Formation) (Dt); unclassified dolomite €u); Muav
Limestone, Havasu Member mh), Gateway Canyon Member (€mg).

41.3 (66.5 Devonian channel crosses river. Good channel for photographs on right (fig. 1.13).

*41.5 (66.8) Rayal Arches on right are result of solution and chemical weathering.

43.1 (69.4) Devonian channels can be seen the next 0.5 mile (0.8 km) on both sides of the river.

43.3 (69.7) Fault, part of the Eminence Break Graben; downstream side is down about 22 feet (6.6 m). .
13.4 (69.8) Fault; downstream side is down about 20 feet (6.1 m).

43.7 (70.3) President Harding Rapids; a 4 foot (1.2 m) drop. A small fault, part of the Eminence

Break fault system and graben, parallels the river for the next 0.5 mi (0.8 km); left side is down about 40 feet (12.2
m). The east side of the graben is seen high on left above an old rock slide in Redwall Limestone. Displacement
across the Eminence Break fault and graben system is about 212 feet (64.6 m) down to the west.
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FIGURE 1.13. View downstream at mile 41 (66.0 km) showing outline of a Devonian channel
cut into Cambrian rocks, filled with purplish’sandy dolomite and limestone of the Temple Butte
Limestone. Contacts dashed where approximately located. Redwall Limestone, Mooney Falls
Member (Mrm), Thunder Spring Member (Mrt), Whitmore Wash Member (Mrw); Temple Butte
Limestone (Dt); unclassified dolomite €€u); Muav Limestone, Havasu Member (€mbh), Gateway
Canyon Member (€mg).

44.4 (71.4) Large rock fall on left fell during winter of 1975 (fig. 1.14).

*44.5 (71.6) Fault; downstream side is up about 20 feet (6.1 m). Gray, thin-bedded limestone of Kanab
Canyon Member of Muav Limestone makes its appearance; a doublet unit, it forms a steep ledge or cliff for next 2+
miles (3.2+ km) to Triple Alcoves. A thin ledge-forming limestone that marks the top of the member here can be
traced into sandstone facies south of Triple Alcoves.

44.8 (72.1) Fault; downstream side is up about 10 feet (3.1 m).

46.4 (74.7) Well cemented talus overlying Gateway Canyon and Havasu Members of Muav Limestone,
left and right.

*46.5 (74.8) Top of thin, brown, single sandy unit of Peach Springs Member of Muav Limestone; it first
appears near river level on right before Triple Alcoves and is overlain by greenish sandy thin-bedded limestone.
46.6 (75.0) Triple Alcoves are developed by solution and chemical weathering similar to that of Royal
Arches.

46.9 (75.5) Gradational contact between Peach Springs Member of Muav Limestone and underlying

green and red sandstone of Bright Angel Shale; mostly concealed (fig. 1.15). Note facies change in the Kanab
Canyon Member from limestone to sandstone taking place in a southerly direction; a marker carbonate bed at top of
Kanab Canyon passes into dolomitic sandstone, remaining identifiable in a section that becomes mostly sandstone.

47.1 (75.8) Saddle Canyon, on right; good outcrops of a Devonian channel can be visited on foot
about 0.5 mile (0.8 km) up the canyon.

47.3 (76.1) Devonian channel on left.

47.4 (76.3) Peach Springs Member of Muav Limestone, at river level on left, overlain by doublet section
of Kanab Canyon Member (fig. 1.14).

48.0 (77.2) Springs emanating from Muav Limestone, on right.

48.5 (78) Gateway Canyon Member becoming sandy; well cemented talus both sides of river.

48.6-49.5 (78.2-79.6) Peach Springs Member at river level on right; lower part of Kanab Canyon Member
becomes sandy (fig. 1.15).

49.0 (78.8) Devonian channel, both sides of river, also small fault, downstream side down about 8§ feet
(2.4 m).
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FIGURE 1.14. Rockfall that occurred during the winter of 1975, on
left bank at mile 44.4 (71.4 km). Small fault parallels river (arrows
show direction of displacement). Contacts dashed where
approximately located. Redwall Limestone, Mooney Falls Member
(Mrm), Thunder Springs Member (Mrt), Whitmore Wash Member
(Mrw); unclassified dolomite €u); Muav Limestone, Havasu
Member €€mh).

49.7 (80.0) Eminence Break fault; downstream side is up about 100 feet (30 m), exposing uppermost
red and green, glauconitic sandstone of Bright Angel Shale, overlain by single brown sandstone unit of Peach
Springs Member of Muav Limestone. These relations are best observed on left, below small bend in river (fig.
1.15). From here to mile 59 (km 95) the river is in Bright Angel Shale where five red horizons of glauconitic
sandstone can be identified. These may correspond with five dolomite and limestone members of Bright Angel
Shale and Muav Limestone identified in the central and western parts of the Grand Canyon. The thickest of the red
intervals, in middle part of formation, is thought to correlate with a prominent dolomite unit in the Bright Angel
Shale of central Grand Canyon and to be equivalent to the Rampart Cave Member of the Muav Limestone of
western Grand Canyon (chapter 15).

51.0 (82.1) Small springs on left, seen only at very low river level.
51.7 (83.2) Devonian channel crosses river.
51.8 (83.3) Little Nankoweap Creek; end of Marble Canyon (old boundary between Marble Canyon

National Monument and Grand Canyon National Park).

T115/315: 13



FIGURE 1.15. View downstream of Paleozoic section in lower Marble Canyon at mile 49.8
(80.1km). Contacts dashed where approximately located. Kaibab Formation (Pk); Toroweap
Formation (Pt); Coconino Sandstone ( Pc); Hermit shale (Ph); Esplanade Sandstone (Pe);
Wescogame Formation (PWe); Manakacha Formation (FPm); Watahomigi Formation (FPwa);
Surprise Canyon Formation not present; Redwall Limestone (Mr); Temple Butte Limestone not
present; unclassified dolomite (€u); Muav Limestone, Havasu Member (€mh), Gateway Canyon
Member €mg), Kanab Canyon Member (€mk), Peach Springs Member (€mp); Bright Angel
Shale €b).

*52.1 (83.8) Nankoweap Canyon and Nankoweap Rapids; a drop of 25 feet (7.6 m). Nankoweap
Creek-Colorado River gravel deposit on right; overlaps debris cone derived from the east wall of the canyon. The
river gravel once occupied course of Colorado River (chapters 21 and 24). Old course of river once flowed along
western margin of gravel deposit (right bank), incised into upper part of Bright Angel Shale. The present river
course is now incised to the east (left) into the debris cone and fan. Note the imbrication of cobbles derived from
the gravel deposit; cobbles of non-local origin are in lower part of the gravel deposit and may correlate with the
gravel deposits at Lees Ferry. Access to Late Proterozoic Chuar Group rocks in Nankoweap basin (chapter 9) is
gained by means of Nankoweap Creek.

54.8 (88.2) Fault; downstream side is up 2 feet (0.6 m).

56.0 (90.1) Kwagunt Rapids; a 7 foot (2.1 m) drop. Kwagunt Canyon on right provides access to
Chuar Group rocks.

*56.3 (90.6) Travertine-cemented talus with river gravel on left (fig. 1.16). Travertine is seen in varying

amounts on left for the next 5 miles (8 km), deposited by springs and seeps that emerged from strata of the basal
Muav Limestone (chapter 21).

56.4 (90.7) Fault; downstream side is down about 15 feet (4.6 m).

57.0 (91.7) Devonian Temple Butte Limestone (or Formation) forms a thin (100 ft; 30 m) but relatively
continuous unit that extends westward to Lake Mead; west of Matkatamiba Canyon (mi 148; km 238), it gradually
increases in thickness to slightly more than 450 feet (137 m) in the western end of Grand Canyon.

57.3 (92.2) Fault; downstream side is up about 2 feet (0.6 m).

*58.2 (93.7) Gradational contact between green and red Bright Angel Shale and underlying brown Tapeats
Sandstone. A full section of the Bright Angel Shale can be seen for next 1.5 miles (2.4 km). The red intervals are
not true red beds, but rather are slightly weathered intervals of glauconitic sandstone. .
59.6 (95.9) 60-Mile Rapids; about a 3 foot (0.9 m) drop.

61.0 (98.2) Salt (halite) deposits on left are from seepage from (bleached) marine Tapeats Sandstone.
The original red color of the Tapeats Sandstone will be seen at Deer Creek Falls (mi 136; km 219).
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FIGURE 1.16. Travertine cemented talus and river gravel (t) mantling slope of Bright Angel Shale
(€b) and transition zone of Tapeats Sandstone (€t). View is downstream towards left bank near
mile 60 (96.5 km). '

*61.3 (98.6) Junction of Little Colorado and Colorado Rivers. Note thick deposit above pull-in
for boats of well cemented gravel, in part of up-stream origin. The gravel here grades laterally into cemented talus
and travertine deposits above the Colorado and Little Colorado Rivers. Extensive travertine and associated talus
deposits are found only on the eastern side of the Colorado River south of Kwagunt Creek, and for approximately
7 miles (11 km) up the Little Colorado River along the north side.

*63.0 (101.4) Great Unconformity; separates Paleozoic strata from Proterozoic rocks (chapter 9).
Cambrian Tapeats Sandstone here overlies red, upper part of lower member (Escalante Creek Member) of Dox
Sandstone (or Formation) (Unkar Group, Middle Proterozoic); representing a nearly 600 million year gap in the
stratigraphic record. Salty water seeping from the Tapeats Sandstone is forming encrustations on left.

*64.5 (103.8) Thrust fault in Dox Sandstone below Tapeats Sandstone, on right.

*65.4 (105.2) Palisades fault and monocline, a splay from north-trending Butte fault, 1 mile (1.6
km) to west. Strata of the lower member of Dox Sandstone (Unkar Group) on the up-stream (north) side of the
fault are adjacent to strata of the upper part of the Dox and the overlying Cardenas Basalt, indicative of about 2,800
feet (850 m) of down-to-the-south displacement, which occurred about 800 m.y. ago. However, displacement of
the overlying Cambrian Tapeats Sandstone is about 400 feet (120 m) in the opposite sense, or down on the
upstream side, which occurred during the Laramide. This served to reduce the displacement of the Proterozoic
rocks to about 2,400 feet (730 m) (fig. 1.17). Copper prospects of the late 1800's and early 1900's are located on
the Palisades fault, both sides of river. Note cemented gravels overlying cemented talus preserved on bench cut
into fault gouge on left side of river. Note, also, sill in lower part of Dox upstream from fault on east side of river;
it correlates paleomagnetically with thick diabase sills of central Grand Canyon. Access to Chuar Group and Butte
fault to west is gained by means of Chuar Creek, on right.

*65.5 (105.4) Lava Canyon Rapids; a 4 ft (1.2 m) drop. Numerous faults are seen in the Dox
Sandstone (Formation) the next 2 miles (3.2 km). Upper member (dark red Ochoa Point Member) and upper
middle member (red-orange and dark red Comanche Point Member) of Dox form slopes and benches beneath the
Cardenas Basalt, on left (fig. 1.18). Lower part of Cardenas is green spilitic unit; overlying flows are separated by
one prominent and several thin beds of sandstone (chapter 10). The basalt has been dated as 1,070+£70 Ma by the
Rb-Sr isochron method. Cemented gravels virtually at river level on right below rapids are discontinuously
preserved for next 0.5 mile (0.2 km); then are seen on left side to Comanche Creek. A major, well cemented talus
cone is preserved at the head of Comanche Creek. Debris flows that originated here join gravel deposits preserved
within about 200 feet (60 m) of river level.
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Grand Canyon Supergroup at Palisades Creek Normal faulting of supergroup about 800 m.y.;
before faulting. about 2,800 ft (850 m) displacement on
Palisades fault.
Mr Dt
N
Lz
€m €u”
€b
p€dl m p€ec
Erosion of supergroup and subsequent burial Reverse movement of Palisades fault,
by Paleozoic rocks. . about 400 ft (120m) in Laramide time

(60-50 m.y.), resulting in monoclinal
flexing of upper Paleozoic rocks.

Palisades fault today. Net displacement after
reverse faulting, about 2,400 ft (730 m).

FIGURE 1.17. Schematic diagram showing development of the Palisades fault and monocline at mile
65.4 (105.2 km). Paleozoic strata: Redwall Limestone (Mr); Temple Butte Limestone (Formation)
(Dv); unclassified dolomite (Nopah equivalent) ¢€€u); Muav Limestone (€m); Bright Angel Shale
(€b); Tapeats Sandstone (€t). Proterozoic rocks: Galeros Formation (Chuar Group) (p€g);
Nankoweap Foramtion (p€n); Cardenas Basalt (p€c); Dox Sandstone (Formation), upper member
(Ochoa Point Member) (p€du), upper middle member (Comanche Point Member) (p€dum), lower
middle member (Solomon Temple Member) (p€dim), lower member (Escalante Creek Member)

(p€dl); mafic sill (p€i).

*67.0 (107.8) The Great Unconformity is well exposed in cliffs beneath Comanche Point on left (fig. 1.18);
the Tapeats Sandstone forms a sheer cliff above the Cardenas Basalt, nearly wedging out where it crosses dark red
upper member of the Nankoweap Formation high in amphitheater. Dark red ledgy beds of upper member of Dox
Sandstone overlie variegated smooth slopes of the upper middle member of Dox, which is of tidal flat and near-
shore terrestrial origin. Well cemented gravel near Tanner Creek, on left, correlates with river gravel plastered on
cliff of Cardenas Basalt on right side of river above Tanner Canyon Rapids.
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FIGURE 1.18. View to east of Comanche Point (skyline) from near Colorado River, mile 67 (107.8 km).
Contacts dashed where approximately located. Kaibab Formation (Pk); Toroweap Formation (Pt); Coconino
Sandstone (Pc); Hermit Shale (Ph); Supai Group (PIPs); Redwall Limestone (Mr); Temple Butte Limestone
(Dt); unclassified dolomite and Muav Limestone, undivided (€um); Bright Angel Shale (€b); Tapeats
Sandstone (€t); Great Unconformity (A); Nankoweap Formation (p€n); Cardenas Basalt ( pE€c); Dox
Formation (p€d); terrace gravel of Colorado River (t). Photograph courtesy of H.G. Stephens.

b I 68.5 (110.2) Butte fault and Tanner Rapids; a drop of 20 feet (6.1 m). Butte fault underlies East
< Kaibab monocline in Paleozoic rocks to the south on the south rim and Coconino Plateau (fig. 1.21). Cardenas
Basalt (black) abuts the red sandstone of the middle members of the Dox on both sides of Basalt Graben (fig.
: I 1.19). The Butte fault is on the east (upstream) side of Basalt Graben and Basalt Canyon fault on downstream
: (west) side. The Cardenas Basalt is overlain by red, ledge-forming sandstone of upper member of Nankoweap
- Formation in graben. The contact with the Chuar Group is near the middle of the cliff-face above the slope-
forming, red-bed interval. Here, dolomite of the Tanner Member of the Galeros Formation rests unconformably on

I bleached sandstone of the upper member of the Nankoweap Formation. On the upstream (east) side of the graben,
dark cliff-forming, ferruginous sandstone of the lower member of the Nankoweap, about 50 feet (15 m) thick,



FIGURE 1.19. View to north of Basalt Graben at Tanner Rapids, mile 70 (112.6 km). Contacts dashed where
approximately located. Butte fault (A); Basalt fault (B); Nankoweap Formation (p€n); lower (ferruginous)
member of Nankoweap Formation (p€nl); Cardenas Basalt (p€c); Dox Formation (p€d). Terrace gravels of
Colorado River in foreground. Photograph courtesy of H.G. Stephens.
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unconformably overlies and locally caps the Cardenas Basalt. The base of the Cardenas Basalt is seen locally near
river level adjacent to small faults in the graben; post-Cardenas erosion has removed the physical relief at the top of
the Cardenas owing to the faults. Proterozoic displacement on the Butte fault was about 1,700 feet (520 m) down
on the downstream (west). However, Laramide displacement of about 600 feet (180 m), down on the upstream
(east) side, resulted in the present displacement of about 1,100 feet ( 335 m).

Displacement across the Butte fault at Tanner Rapids is much less than a few miles to the north (fig. 1.20). On
the plateaus north and south of the Grand Canyon, only Laramide displacement is reflected by the flexure of the
East Kaibab monocline (fig. 1.21). The post-Laramide Colorado River, whose course was deflected southward by
the East Kaibab monocline, was able to flow westward in this area as it rounded the southern extension of the
Kaibab Upwarp. This bend in the river is known as the Big Bend area.

¥
b3

FIGURE 1.20. Butte fault in lower to middle Paleozoic and Late Proterozoic rocks. View is north
at north arm of Carbon Creek Canyon (west of mile 63 or 101.4 km). Contacts dashed where
approximately located. Supai Group (PFs); Redwall Limestone (Mr); Tapeats Sandstone (€1);
Galeros Formation (pE€g); Arrow points to Great Unconformity.

*69.0 (111.0) Basalt Canyon fault, west side of Basalt Graben (fig. 1.19); downstream side is up about
430 feet (130 m). Cross back into upper middle member of Dox. No Laramide movement on this fault.

*69.4 (111.7) Fluvial, well cemented gravels with up-stream components occupies old stream course of
Colorado River, indicating an episode of aggradation. Alluvium on gravel near the river is a few tens of thousands
of years old (chapter 24).

*69.5 (111.8) Mouth of Basalt Canyon. Gains access to upper members of Dox Sandstone, Cardenas
Basalt, Nankoweap Formation, and Galeros Formation of Chuar Group.

69.7 (112.2) Several small faults in Dox on right.

70.5 (113.4) Fault occupied by mafic dike, on left; downstream side is down about 80 feet (24 m).

*70.7 (113.8) Gravel deposits and small gravel benches resting on middle members of Dox occur along
this reach. View of "Hill Top Ruin" to west, on south side of river, is capped by gravels about 425 feet (130 m)
above river.

71.1 (114.6) Mafic dike, very near river on right intruded lower middle member (Solomon Temple
Member) of Dox; extension of dike seen at mile 70.5 (km 113.4) correlates paleomagnetically with thick mafic sills
of central Grand Canyon.

71.9 (115.7) A small graben in cliff-forming, Solomon Temple (lower middle) Member of Dox, on right;
about 4 feet (1.2 m) of displacement.

72.4 (116.5) Unkar Rapids; a 25 foot (7.6 m) drop. A large debris fan from Unkar Creek is on right,
behind which is a bench and a hill capped by the last of gravels of local and upstream origin in the Big Bend area.
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FIGURE 1.21. Aerial view of East Kaibab monocline in upper Paleozoic rocks (overlying Butte
fault). View looking southeast from near Desert View Tower on the south rim. East-dipping strata
are Kaibab Formation (Pk). ¢

72.9 (117.3) Fault; downstream side is down about 3 feet (1 m).

*73.3 (117.9) Begin traverse through dark red lower member (Escalante Creek Member) of Dox ; red upper
part grades into gray strata at about mile 74 (km 119).

73.6 (118.4) Graben on right; about 35 feet (11 m) of displacement.

*74.8 (120.4) Sharp contact between gray sandstone of lower member of Dox and an underlying gray,
cliff-forming quartzite bed at the top of the Shinumo Quartzite. Beneath this capping unit are convoluted fluid
evulsion structures (fig. 1.22). These characterize most of the upper member of the Shinumo Quartzite and
perhaps were the result of earthshocks. Multiple sets of these structures, separated by planar diastems indicative of
episodic events, are beautifully displayed in Seventyfive Mile Canyon, above Nevills Rapids.

75.1 (120.8) Fault; downstream side is up about 3 feet (1 m).

75.2 (121.0) Nevills Rapids; a 15 foot (4.6 m) drop.

*76.2 (122.6) Contact of Shinumo Quartzite with underlying pale purple, crossbedded sandstone of upper
member of Hakatai Shale. Upper member of Hakatai tends to form a recess beneath the Shinumo Quartzite,
whereas the middle (red-orange) and lower (dark red) members (seen downstream) form slopes with subordinate
ledges (fig. 1.23).

76.4 (122.9) Fault; downstream side is down about 12 feet (3.7 m).

*76.5 (123.1) Thick mafic dike on right at top of Hance Rapids, follows a small fault in Hakatai Shale, and
thins abruptly where it passes into Shinumo Quartzite; correlative dikes are found in Red Canyon on left.
Paleomagnetic directions suggest the dikes correlate with Cardenas Basalt.

76.5 (123.1) Hance Rapids; a 30 foot (9.1 m) drop.

*77.0 (123.9) Contact of Hakatai Shale with underlying Bass Limestone, Unkar Group, placed at highest
laterally persistent sandstone bed. Hance asbestos mines (1880's and 1890's) can be seen high on right about a
mile (1.6 km) downstream, as a white slope at the top of a dark sill near the base of the Bass Limestone (fig. 1.23).
Mafic sill is not connected with or related to mafic dikes of Red Canyon.

*77.5 (124.7) Hotauta Conglomerate Member of Bass Limestone. Unconformity between late Early
Proterozoic crystalline rocks and overlying Middle Proterozoic strata; unconformity dips northeastward (upstream)
and represents an ~425 million year gap in the geologic record (~1,250-~1,675 m.y.). This unconformity is called
the Greatest Angular Unconformity; it merges with the Great Unconformity a short distance downstream and about
1,000 feet (305 m) above the river, where the combined unconformities represent a 1,200 million year gap in the
geologic record.
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FIGURE 1.22. Contorted beds of the Shinumo Quartzite seen in 75-Mile Creek, about mile 75.4 (121.3 km).
Hammer for scale. Photograph courtesy of H.G. Stephens.

*77.5 (124.7)

Entering Upper Granite Gorge. Early Proterozoic metasedimentary and mafic meta-

igneous rocks (chapter 8) are exposed the next several miles; they consist of mica schist and quartzo-feldspathic
schist, and subordinate paragneiss, amphibolite, and calc-silicate rocks, commonly referred to as the Vishnu Schist
(fig. 1.24). Foliated and non-foliated granitic plutons and associated pegmatites (fig. 1.25) commonly referred to
as Zoroaster Granite. This and other plutons encountered down river variously exhibit foliated and non-foliated
textures, implying that intrusion occurred during late stages of deformation. The deformation is commonly
considered to be related to the Mazatzal orogeny of central Arizona dated at about 1,650-1,700 Ma). Note that the
foliation of the Vishnu Schist is extensively embayed by the plutonic complex.

78.6 (126.5)
81.1 (130.5)

Paleozoic rocks.

81.5 (131.1)
83.6 (134.5)

Sockdolager Rapids; a 19 foot (5.8 m) drop.
Vishnu fault; downstream side is down about 40 feet (12.2 m) as measured in overlying

Grapevine Rapids; an 18 foot (5.5 m) drop.
83-Mile Rapids; a 7 foot (2.1 m) drop.
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FIGURE 1.23. Looking downstream from mile 77 (124 km) near bottom of Hance Rapids.
Landslide debris (L) on left; Shinumo Quartzite (p€s); Hakatai Shale (p€h); Bass Limestone
(p€Db) intruded by dark diabase sill (s); Vishnu Schist (p€v); Hance asbestos mines at arrow 1;
Greatest Angular Unconformity at arrow 2. Contacts dashed where approximately located.

84.6 (136.1) Zoroaster Rapids; a 5 foot (1.5 m) drop.

84.7 (136.3) Contact between Vishnu Schist (upstream) and foliated Zoroaster Granite.
86.1 (138.5) Contact between Zoroaster Granite (upstream) and Vishnu Schist.
87.2 (140.3) Well cemented river gravels at river level (low water), on right.

87.3 (140.5) Cableway and gaugehouse mark location of the U.S. Geological Survey gauging station,
established in 1922 (chapter 3).

87.4 (140.6) Kaibab (Trail) suspension bridge; completed in 1928.

87.5 (140.8) Cremation fault and Bright Angel Rapids. Bright Angel Rapids has about a 7 foot
(2.1 m) drop. Bright Angel Creek debris fan on right. Cremation fault crosses river just downstream from Kaibab
suspension bridge (fig. 1.26); downstream side is down about 780 feet (238 m). Proterozoic displacement was
about 1,000 feet (305 m) down on downstream side; reverse movement during the Laramide offset Paleozoic rocks
up on the downstream side about 220 feet (67.1 m), forming the Grandview monocline in upper Paleozoic rocks at
the rim of the canyon.

87.8 (141.3) Bright Angel (Trail) suspension bridge; completed in 1967.

88.0 (141.6) Tipoff fault, downstream side is up; Proterozoic displacement was about 400 feet (122 m);
Laramide displacement has reversed the displacement about 15 feet (5 m). The structural wedge between the
Cremation and Tipoff faults was a graben during the Proterozoic, and became a horst during the Laramide (fig.
1.26).

88.3 (142.1) Bright Angel fault; displacement was about 800 feet (245 m), downstream side down in
Proterozoic time. Reversed movement during the Laramide reduced the Proterozoic displacement to about 470 feet
(145 m) and displaced Paleozoic strata about 330 feet (100 m) up on downstream side.

88.9 (143.0) Pipe Springs Rapids; about a 7 foot (2 m) drop.

89.1 (143.4) Contact between Vishnu Schist (upstream) and Zoroaster Granite.
89.2 (143.5) Fault; downstream side is up about 400 feet (122 m).
89.8 (144.5) Contact between Zoroaster Granite (upstream) and Vishnu Schist.

90.1 (150.0) Horn Creek Rapids; a 10 foot (3.1 m) drop.

91.3 (146.9) Contact between Vishnu Schist (upstream) and Trinity Gneiss (chapter 8).
92.5 (148.8) Salt Creek Rapids; a 5 foot (1.5 m) drop.

92.5 (148.8) Contact between Trinity Gneiss (upstream) and Vishnu Schist.

93.4 (150.3) Granite Rapids; a 17 foot (5.2 m) drop.

94.0 (151.2) Fault; downstream side is up about 5 feet (1.5 m).
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FIGURE 1.24. Near-vertical foliation in Vishnu Schist, about mile 82 (km 132), left bank.
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FIGURE 1.25. Pegmatite dikes (light) intrude Vishnu Schist (black); about mile 82 (km 132), left
bank. Pegmatite dikes intrude both the Vishnu Schist and Zoroaster Granite.
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FIGURE 1.26. Aerial view looking southeast towards the mouth of Bright Angel Creek (A) and
lower part of south Kaibab Trail (B) at mile 87.8 (km 141.3). View shows a Proterozoic age
graben that is now a Paleozoic horst between the Cremation (arrow C, on left) and Tipoff (arrow
D, on right) faults. Kaibab Suspension Bridge (arrow E). Contacts dashed where approximately
located. Colorado River terrace (t); Bright Angel Shale «€b); Tapeats Sandstone (€t); Shinumo
Quartzite (p€s); Hakatai Shale (p€h); Bass Limestone (p&€b); Vishnu Schist and Zoroaster
Granite (p€). U/D=sense of Paleozoic displacement on fault; d/u=sense of Proterozoic
displacement on fault.

95.0 (152.9) Hermit Rapids; a 15 foot (4.6 m) drop. This rapid usually has large standing waves that
make it one of the most memorable rides on the river.

*95.3-95.5 (153.3-153.7) Isolated bodies of travertine on Bright Angel Shale and Tapeats Sandstone, 800+
feet (244+ m) above river on left; travertine extends down over Vishnu Schist to about 150 feet (45 m) above river.
Source for this travertine were springs emerging from the Muav Limestone high above the river.

96.2 (154.8) Granitic pluton exposed the next 0.3 mile (0.5 km).

96.7 (155.6) Boucher Rapids; a 13 foot (4.0 m) drop.

97.7 (157.2) Small Zoroaster Granite pluton exposed the next 0.3 mile (0.5 km).

98.0 (157.7) Crystal Rapids; a 17 foot (5.2 m) drop (chapter 3). Crystal Creek debris fan on right.
Slate Creek fault crosses river; offset in Paleozoic strata indicate downstream side up about 100 feet (30 m).

98.7 (158.8) Small Zoroaster granitic pluton next 0.4 mile (0.6 km).

99.0 (159.3) Fault; downstream side up about 80 feet (24.4 m) as indicated in Paleozoic strata. Fault
underlies Crazy Jug monocline in upper Paleozoic strata.

99.2 (159.6) Tuna Creek Rapids; a 10 foot (3.1 m) drop.

99.6 (160.3) Lower Tuna Rapids; about a 3 foot (1 m) drop.

100.5 (161.7) Agate Rapids; about a 1 foot (0.3 m) drop.

101.2 (162.8) Sapphire Rapids; a 7 foot (2.1) drop.

102.0 (164.1) Turquoise Rapids; a 2 foot (0.6 m) drop.

102.8 (165.4) Contact between Vishnu Schist (upstream) and Zoroaster Granite pluton.

*102.9 (165.6) View downstream (northwest) toward Modnadnock Amphitheater. Tapeats Sandstone thins
across a Precambrian hill. Dark resistant ledge-forming beds in overlying green slope of Bright Angel Shale are
equivalent to the Rampart Cave, Sanup Plateau, and Spencer Canyon Members of the Muav Limestone to the west
(chapter 15). A tan unit at the base of the middle cliff is the Peach Springs Member of the Muav Limestone (a
single bed); it is overlain by cliff-forming Kanab Canyon Member (two beds). Above this is the less resistant
Gateway Canyon Member (three units forming a slope/ledge/slope), which is in turn overlain by a cliff containing
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the Havasu Member of the Muav (two beds), overlain by cliff-forming unclassified dolomite, followed by less
resistant Temple Butte Limestone (~30 m thick), and cliff-forming Redwall Limestone at very top.

103.2 (166.1) Arch, on left.

103.9 (167.2) 104-Mile Rapids; about a 4 foot (1.2 m) drop.

104.8 (168.6) Ruby Rapids; an 11 foot (3.4 m) drop. View downstream of tilted cliff-forming Shinumo
Quartzite (Unkar Group) unconformably overlain by basal Paleozoic strata (fig. 1.27).

104.9 (168.8) Serpentine Rapids; an 11 foot (3.4 m) drop.

*106.5 (171.4) About 1 mile (1.6 km) above Bass Camp; Bass Limestone (Unkar Group) appears beneath
Cambrian Tapeats Sandstone on right, then on left. View down river to Vishnu Schist overlain by Bass Limestone
that is in turn intruded by diabase sill in middle distance and on left; light colored rocks are thermally altered and
bleached Bass Limestone. Above the bleached zone are ledges of the upper Bass Limestone, slope-forming red
Hakatai Shale, and cliff-forming Shinumo Quartzite (extending to top of third cliff, characterized by smooth face
and capped with uppermost quartzite bed of Shinumo). Above the Shinumo is cliff-forming sandstone of the lower
member (Escalante Creek Member) of Dox Sandstone (Formation).

*107.2 (172.5) Full section of diabase sill intruded into Bass Limestone comes into view. Paleomagnetic
evidence indicates that the diabase sills were intruded during deposition of the upper middle member (Comanche
Point Member) of Dox Sandstone (Formation). The Proterozoic rocks here dip about 12° northeast (fig. 1.27).
107.3 (172.6) West-dipping Wheeler Fold in Bass Limestone; displacement is about 500 feet (152.4
m).down on downstream side.

107.7 (173.6) Contact of Zoroaster Granite (upstream) with Vishnu Schist.

107.7 (173.6) Bass Rapids; a 4 foot (1.2 m) drop.

108.5 (174.6) Shinumo Creek; enters on right.

108.6 (174.7) Shinumo Rapids; an 8 foot (2.4 m) drop. Tapeats Sandstone laps onto Bass Limestone;
exposures are complicated by faulting.

é
b

f ks
“-

AT — S B S R

| o ]
48 X
‘-

i

it eaan ]

3

FIGURE 1.27. Aerial view looking northwest (downstream) to Shinumo Creek near mile 107
(km 172), showing tilted Proterozoic Grand Canyon Supergroup dipping about 20° to the
northeast. Contacts dashed where approximately located. Coconino Sandstone (Pc); Hermit
Shale (Ph); Supai Group (PFs); Redwall Limestone (Mr); Temple Butte Limestone (Dt);
unclassified dolomite (€u); Muav Limestone ¢€€m); Bright Angel Shale €€b); Tapeats Sandstone
€t); Great Unconformity (A); Shinumo Quartzite (p€s); Hakatai Shale (p€h); Bass Limestone
(p€b) intruded by diabase sill (S); Vishnu Schist (p€v); Great Unconformity at Arrow A;
Greatest Angular Unconformity at Arrow B
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110.7 (178.1) Hakatai Rapids; an 8 foot (2.4 m) drop.

112.0 (180.2) Waltenberg Rapids; a 15 foot (4.6 m) drop.

112.5 (181.0) Arch, on left.

*114.4 (184.0) Travertine deposits having an apparent source in Kanab Canyon Member of the Muav
Limestone appear on left; they are remnants of a formerly continuous wall of travertine that extended downstream
the next 3 miles (4.8 km). The two ledge-forming beds in the otherwise slope-forming Bright Angel Shale are
equivalent to the Rampart Cave and Sanup Plateau Members of the Muav Limestone to the west (fig. 13.1; chapter
15).

115.5 (185.8) Monument fault. On the right the sharply flexed fold in the Tapeats Sandstone becomes a
fault in the overlying Redwall Limestone with a displacement of about 20 feet (6.1 m) down on the upstream side.
This fold, and the next fold just downstream (fig. 1.28), are part of the Monurment fault system.

115.6 (186.0) Monument fault, on right; downstream side is up about 45 feet (13.7 m). Tapeats
Sandstone, draped over the fault, dips upstream. Vishnu Schist exposed at river level downstream.

*116.6 (187.6) Royal Arch Creek (Elves Chasm), on left, is cut through a deposit of travertine that
extends from the Tapeats Sandstone near river level to the top of the Muav Limestone. View of complete section of
Cambrian Tonto Group and overlying strata up and including the Redwall Limestone in amphitheater to the west of
Elves Chasm and a curious channel-like feature can be seen at about the level of the Temple Butte Limestone
(Formation) in the back of the amphitheater. Note the several sandstone members of the Bright Angel Shale that
become limestone beds in western Grand Canyon. Remnants of travertine and talus that once mantled the entire
area are present within and north of the amphitheater.

117.7 (189.4) Continuation of Monument fault; downstream side is down about 35 feet (11 m), bringing
Tapeats Sandstone to river level. Arch on left. Begin Stephen Aisle, a long stretch of river allowing excellent
views of entre Paleozoic section. ’

118.8 (191.1) Contact of Tapeats Sandstone with Vishnu Schist exposed in next mile (1.6 km). The Vishnu
formed an island during the Early Cambrian that was barely covered by the Tapeats Sandstone.

119.0 (191.5) Fault; downstream side is up about 3 feet (0.9 m).

*120.2 (193.4) Begin Conquistador Aisle; stratigraphy of Tonto Group well exposed. Contact of Vishnu
Schist (upstream) with Tapeats Sandstone. Excellent exposures of Great Unconformity in Blacktail Canyon on
right. )

12g 1.5 (195.5) Well cemented gravel at river level, on right; well cemented talus above river on left.

122.0 (196.3) Well cemented gravel, on right.

122.7 (197.4) Forster Rapids; a 5 foot (1.5 m) drop.

123.2 (198.2) Gradational contact between Tapeats Sandstone (upstream) and Bright Angel Shale.

FIGURE 1.28. Lower Monument fault (not in view) with folded Tapeats Sandstone dipping
upstream at mile 115.6 (km 186.0).
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123.2 (198.2) Butchart fault; downstream side is up about 10 feet (3.1).

124.0 (199.5) Gradational contact between the Bright Angel Shale (upstream) and the Tapeats Sandstone.
Arch in Supai Group high on left.

124.2 (199.8) Travertine on left.

125.0 (201.1) Fossil Rapids; a 15 foot (4.6 m) drop. Fossil Canyon debris fan on left.

126.6 (203.7) Great Unconformity; Tapeats Sandstone on Vishnu Schist (amphibolite).

126.8 (204.0) 127-Mile Rapids; about a 3 foot (1 m) drop.

*127.4 (205.0) Entering Middle Granite Gorge. Salt stalactites hang from Tapeats Sandstone at Great
Unconformity, on left.

128.5 (206.8) 128-Mile Rapids; drops about 6 feet (1.8 m).

129.0 (207.6) Specter Rapids; a 4 foot (1.2 m) drop.

129.3 (208.0) Three faults in Proterozoic basement here, but senses and amounts of displacement are
unknown. These faults extend into upper Paleozoic rocks in Specter Chasm on left with an overall Paleozoic
displacement of about 35 feet (11 m), up on downstream side. A small moncline is associated with these faults and
dips upstream.

*130.4 (209.8) Bedrock Rapids; a 7 foot (2.1 m) drop. Bedrock Rapids is one of a few rapids caused by
a constriction arising from bedrock outcrops. Fault cuts Middle Proterozoic strata of lower Unkar Group;
downstream side is down about 50 feet (15 m).

130.6 (210.1) Contact between Vishnu Schist (upstream) and Bass Limestone.

*130.8 (210.5) Diabase sill within Bass Limestone forms a cliff on right for next 3 miles (5 km). The sill
and lower Unkar Group strata here dip about 6° northeast (fig. 1.29).

131.6 (211.7) Deubendorff Rapids; a 15 foot (4.6 m) drop. Fault cuts Middle Proterozoic rocks;
downstream side is up about 150 feet (45 m).

132.1 (212.5) Fault in Middle Proterozoic rocks; downstream side is up about 50 feet (15 m).

132.9 (213.8)  Fault in Middle Proterozoic rocks; downstream side is up 50 feet (15 m).

*133.6 (215.0) Tapeats Creek and Rapids; a 15 foot (4.6 m ) drop. The water in Tapeats Creek
(Thunder River) comes from a joint-controlled spring in the Peach Springs Member, Muav Limestone, about 3
miles (5 km) from the Colorado River (fig. 1.30).
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FIGURE 1.29. View downstream toward 133-Mile Creek from mile 132.4 (km 213.0), above a
diabase sill (S) intruded into the Bass Limestone (p€b). Contacts dashed where approximately
located. Hakatai Shale (p€h); Great Unconformity (A); Tapeats Sandstone ¢€t); Bright Angel
Shale €€b); Muav Limestone €€m); Surprise Valley Landslide (L).
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FIGURE 1.30. Aerial view looking west to Thunder River Spring (TRS), which emerges from
the Peach Springs Member of the Muav Limestone (Cmp) about 3 miles (4.8 km) from the
Colorado River. Part of the Surprise Valley landslide (L) lies just west (left) of the spring, its base
resting partly on the Rampart Cave Member of the Muav Limestone ¢€mr) and partly on the shaly
Flour Sack Member of the Bright Angel Shale (€bf). Contacts dashed where approximately
located. Hakatai Shale (p€h); Shinumo Quartzite (p€s); Great Unconformity (A); Tapeats
Sandstone ¢€t); Bright Angel Shale ¢€b), red brown member (€br), Flour Sack Member (€bf);
Rampart Cave Member (€mr) of Muav Limestone of western Grand Canyon; upper Bright Angel
Shale of eastern Grand Canyon ¢€bs); Muav Limestone, Peach Springs Member (€mp); Kanab
Canyon Member (€mk); Gateway Canyon Member (€mg); Havasu Member ¢€€mh); unclassified
dolomite ¢€u); Temple Butte Limestone (Dt); Redwall Limestone (Mr). For problems in
Cambrian nomenclature see Chapters 14 and 15.

134.3 (216.1) Fault in Middle Proterozoic rocks; downstream side is up about 400 feet (122 m). Diabase
sill upstream; Hakatai Shale downstream at fault.

134.6 (216.6) Contact of Hakatai Shale (upstream) with Bass Limestone.

*135.0 (217.2) Entering Little Granite Gorge. Bass Limestone overlies Vishnu Schist. Travertine
cemented gravels, beginning about 100 feet (30 m) above river, on right, occupy and fill an old Colorado River
channel cut through Tapeats Sandstone and into Bass Limestone (fig. 1.31). The filled channel is overlain by the
Surprise Valley landslide (chapters 21 and 26). The Colorado River was subsequently established slightly to the
south along its present course. The west end of the abandoned channel, very near present river level, joins with the
present course of the river at mile 135.8 (218.5 km).

*135.2 (217.5)  Narrowest point along Colorado River in Grand Canyon, 76 feet (23 m) wide.

*136.2 (219.2) Deer Creek Falls on right. Part of Surprise Canyon landslide is seen on right as a rubbly
slope downstream from the falls. Travertine and travertine cemented gravels are exposed high on left, overlain by
landslide that contains dolomite of the Bright Angel Shale (equivalent to the Rampart Cave Member of the Muav
Limestone) derived from the right (north) bank; the dolomite is displaced up slope from undisturbed dolomite on
the left (south) side of the river. Note, also, that nearly the entire section of Tapeats Sandstone is red in this area.
The Tapeats presumably escaped Cenozoic bleaching because of its structurally low position in this area.

*136.6 (219.8) View upstream, a) into west end of old Deer Creek Canyon filled with Surprise Valley
landslide on north side of river; b) landslide overlying travertine-cemented gravels on south side of river.

137.0 (220.4) Fault in Paleozoic rocks nearly parallels river; downstream (north) side is up about 33 feet
(10 m).

T115/315: 28



-

<

[ IR PR . iy,

‘- - .

ey

‘:-

-y

e

i

¢ P oo g
Il N

R

i
.

PO

FIGURE 1.31. Abandoned Colorado River channel in the Bass Limestone (p€b) filled with
travertine-cemented river gravel (tg). The broken material above the channel fill is part of the
Surprise Valley landslide (L), consisting mainly of Redwall Limestone. View is downstream from
mile 135 (km 217) to narrowest part of Colorado River. Contacts dashed where approximately
located. Vishnu Schist and Zoroaster Granite (p€v); Bass Limestone (pE€b); Tapeats Sandstone
). ‘

137.2 (220.8) Fault in Paleozoic rocks, nearly parallels river; downstream (north) side is up about 80 feet
(25 m). Cambrian Tapeats Sandstone overlies Proterozoic Bass Limestone.

137.6 (221.4) Doris Rapids: about a 5 foot (1.5 m) drop

137.7 (221.6) Contact of Bass Limestone with overlying Tapeats Sandstone.

137.9 (221.9) Spring in Tapeats Sandstone; water 1s seeping down from the Deer Creek area under the
Surprise Valley landslide.

138.0 (222.0) "Fishtail island." Tapeats Sandstone and Bright Angel Shale overlap an island of altered
Bass Limestone, which in turn rests on Vishnu Schist. Last outcrop of Grand Canyon Supergroup rocks.

138.5 (222.8) Fault in Proterozoic rocks, on left; downstream side is down about 50 feet (15 m). Tapeats
Sandstone is at river level. Arch in cemented gravels about 50 feet (15 m) above river, on right. Extensive
deposits of cemented gravel and talus are on right (north) side of river.

138.7 (223.2) Sinyala fault, on left side of river, covered by gravel on right side; downstream side is
down about 12 feet (4 m). The Sinyala fault is small in throw compared to many faults of its length but it has
influenced the erosion of more tributary canyons than any other fault in Grand Canyon. All fault displacements
from here to Lake Mead are estimated by offset of Paleozoic rocks.

139.0 (223.7) Fishtail Rapids; a 10 foot (3 m) drop.

140.4 (225.9) Gradational contact of Tapeats Sandstone with Bright Angel Shale.

141.3 (227.4) Fault; downstream side is down about 4 feet (1 m).

141.8 (228.2) Approximate place where dolomite unit in Bright Angel Shale grades into limestone and
becomes assigned to Rampart Cave Member of Muav Limestone, a terminology and convention still currently in
use.

*142.0 (228.5) Begin "river (canyon) anticlines" developed in Rampart Cave, Sanup Plateau, Peach
Springs, Kanab Canyon, and Gateway Canyon Members of Muav Limestone.

143.6 (231.1) Kanab Rapids; about a 12 foot (3.7 m) drop.

*146.0 (234.9) Strongly developed river anticlines. Limestone beds dip variably away from the river,
mostly near and at river level, but also, at a few places, substantial vertical distances above the river. The anticlines
appear to have resulted from vertical loading stresses of the high canyon walls on saturated clay-bearing strata
(chapter 26). The anticlines mostly parallel the Colorado River for the next several miles. A short reach above
Upset Rapids, at right angles to the trend of the Sinyala fault, lacks an anticlinal structure.

147.0 (236.5) Arch, high on left

147.8 (237.8) Small spring on the right.

T115/315: 29



*148.0 (238.1) Matkatamiba Canyon; Gateway Canyon Member of Muav Limestone dips upstream as
part of the Matkatamiba Syncline. Shelf at entrance to Matkatamiba Canyon is at top of Kanab Canyon Member.
The Gateway Canyon Member here is much thicker than reported from sections measured to the west and east.
149.7 (240.9) Upset Rapids; a 15 foot (4.6 m) drop.

151.0 (243.0) Small springs and travertine deposits on right next 0.5 mile (0.8 km).

153.3 (246.7) Sinyala Rapids; about a 1 foot (0.3 m) drop.

155.4 (250.0) Spring on right.

156.6 (252.0) Supai monocline; dips downstream (southwest).

*156.7 (252.1) Havasu Canyon and Havasu Rapids; about a 2 foot (0.5 m) drop.

159.1 (256.0) 159-Mile dikes. Basalt dikes on both sides of the river extend through Supai Group; they
appear to be associated with Pleistocene (780,000 yrs.; unpublished date) cinder cones on Esplanade Sandstone on
both sides of river.

164.4 (264.5) 164-Mile Rapids; about a 3 foot (1 m) drop.

164.7 (265.0) Arch, high on left.

166.5 (267.9) National Rapids; about a 2 foot (0.5 m) drop.

168.0 (270.3) Fern Glen Rapids; about a 3 foot (1 m) drop. The best view of the Surprise Canyon
Formation since Marble Canyon can be seen as a dark red channel fill at top of Redwall Limestone cliff; look
downstream, high on right.

171.2 (275.5) Mohawk-Stairway fault; downstream side is up about 90 feet (27 m). Strata dip to the
east (upstream) about 3°. This fault controls the drainage of Mohawk and Stairway Canyons. Peach Springs and
Kanab Canyon Members of Muav Limestone on upstream side of fault; Bright Angel Shale on downstream side.
171.4 (275.8) Gateway Rapids; about a 3 foot (1 m) drop. Mohawk Canyon debris fan on left.

173.2 (278.7) Travertine deposits high on the left next 1 mile (1.6 km).

175.0 (281.6)  "Red Slide;" a large, landslide and talus deposit, on right.

175.4 (282.2) Travertine deposits high on left.

176.5 (284.0) Several travertine deposits high on the left.

177.0 (284.8) Basait flow remnant in alcove high on left; source unknown.

177.2 (285.1) Pleistocene basalt flows (chapters 22 and 23) on left bank. These are remnants of flows that
erupted downstream. .

177.5 (285.6) Travertine deposits on both sides of river.

*178.0 (286.4) Vulcan's Forge (Vulcan's Anvil); part of a Pleistocene dike and sill system seen on right
bank of river and wall of canyon.

*178.2 (286.7) Pleistocene basalt flows that came from volcanos mainly on north rim filled Toroweap
Canyon and flowed down the course of the Colorado River for a distance of at least 74 miles (119 km). See
Chapter 23.

178.8 (287.7) Contact of Bright Angel Shale (green) on Tapeats Sandstone (brown).

*179.0 (288.0) Toroweap fault; downsream side is down about 580 feet (176.8 m). The basalt flows are
displaced about 15 feet (5 m), indicating some Pleistocene movement. Tapeats Sandstone, upstream; Rampart
Cave Member of Muav Limestone, downstream.

*179.0 (288.0) Lava Falls Rapids; a 13 foot (4 m) drop. Note high terrace deposits on left bank which
are remnants of debris flows derived from Prospect Canyon. Prospect Canyon drainage was blocked by basalt
flows emplaced at and near its mouth that were locally derived from feeder dikes and vents or from flows down
Toroweap Canyon on the north. The drainage above the blockage at the mouth of Prospect Canyon is presently
filled with alluvium to the level of the highest basalt flows. The fill is currently being excavated along the
Toroweap fault in Prospect Canyon. Toroweap Canyon, opposite Prospect Canyon, is filled with basalt and
interbedded alluvium and remains unexcavated because multiple basalt flows farther up canyon have interrupted the
drainage.

179.5 (288.8) Warm springs and travertine on left. These springs are the warmest in Grand Canyon (80 °F;
26.6 °C). :
*179.8 (289.3) Bench on left below Lower Lava Rapid is on top of Peach Springs Member of Muav
Limestone; thin bed of tuff marks contact with Kanab Canyon Member, and provided zircon for a fission track age
of 535 Ma (chapter 17).

180.7 (290.7) Fault; downstream side is down about 40 feet (12 m).

181.3 (291.7) Spring on left; seen only at very low water level..

181.4 (291.9) Contact between Rampart Cave Member of Muav Limestone, and underlying Bright Angel
Shale.

183.4 (295.1) Several small faults seen on left but do not cross the river for next few miles.

183.5 (295.3) Spring on left.

184.8 (297.3) Lava cascade on right.

185.2 (298.0) 185-Mile Rapids; about a 2 foot (0.5 m) drop.

185.3 (298.2) Fault; downstream side is down about 10 feet (3 m).
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*187.0 (300.9) Lava-filled channel of old Whitmore Canyon, on right. Whitmore Trail traverses the lava fill.
Base of narrow channel is about 30 ft (10 m) above river.

187.5 (301.7) Fault; downstream side is down about 180 feet (55 m).

188.0 (302.5) Gradational contact between Bright Angel Shale and Tapeats Sandstone. Present (post-
basalt) Whitmore Canyon and debris fan on right.

189.5 (304.9) Fault; downstream side is up about 70 feet (21 m). Tapeats Sandstone upstream; Vlshnu
Schist and Zoroaster Granite, downstream. Great Unconformity on left.

189.6 (305.1) Large landslide exposed high on left.

189.8 (305.4) Travertine on left.

190.0 (305.7) Upper part of Tapeats Sandstone on granite, left and right.

*190.7 (306.8) Hurricane fault zone; downstream side is down about 1,300 feet (400 m). Here,

landslide deposits cover trace of fault on right; terrace deposits and basalt flows cover fault on left. Zoroaster
Granite, upstrearn; Muav Limestone, downsmream. The Hurricane fault is encountered again from mile 220 to 224
(km 354-360).

192.1 (309.1) Fault; downstream side is down about 30 feet (10 m). Two faults, paralleling the river with
their right sides (west) up about 40 feet (12 m) and 60 feet (18 m), intersect the fault that crosses river. These
faults are seen ahead on left.

192.5 (309.7) Fault paralleling river is seen downstream on left; downstream side is up about 100 feet (30
m). Thick river terrace deposits and interbedded basalt flows on right.

193.1 (310.7) Fault; downstream side is down about 50 feet (15 m).

193.7 (311.7) Four small faults on right; upstream side up on all, about 15 feet (5 m) each.

195.0 (313.8) Fault; downstream side is up 10 feet (3 m).

196.0 (315.4) Fault; downstream side is up 40 feet (12 m).

196.3 (315.9) Lone Mountain monocline; dips upstream (east) about 15°.

196.3 (315.9) - Frogy fault, downstream side is down about 400 feet (120 m).

196.7 (316.5) Fault; downstream side is up about 10 feet (3 m). Several late Miocene (~6 Ma) basalt dikes

cross the river, following small faults. Arch in river conglomerate on right spans a dike and fault.

197.4 (317.6) Approximate position of north-south-trending axis of Lone Mountain anticline.

198.0 (318.6) Entering Parashant graben. Five faults; overall displacement is 100 feet (30 m) down on
downstream side. '

198.5 (319.4) Fault; downstream side is down, about 200 feet (60 m)

199.3 (320.7) Fault; downstream side is up about 180 feet (55 m).

199.8 (321.3) Leaving Parashant graben. Fault; downstream side is up about 100 feet (30.5 m). Rampart
Cave Member, Muav Limestone, upstream; Bright Angel Shale, downstream, at river level.

201.0 (323.4) Fault follows river; left bank is down about 10 feet (3 m).

203.0 (326.6) Fault; downsweam side is down about 30 feet (9 m).

204.3 (328.7) Fault; downstream side is down about 60 feet (18 m).

205.2 (330.2) 205-Mile Rapids; a 13 foot (4 m) drop.

205.3 (330.3) Spring on left bank in back eddy of 205-Mile Rapids; seen only at very low water level.
205.5 (330.6) River cuts through landslide debris.

*205.7 (331.0)  Tapeats Sandstone at river level on right is the upper part of the massive sandstone unit of
the Tapeats (figs. 15.2 and 15.3), closely overlain by the Olenellus horizon. This unit of the Tapeats of Figure
15.3 is correlated with (the upper part of) the Prospect Mountain Quartzite of Whitney Ridge, Nevada, on the basis
of stratigraphic position and the presence of Olenellus. This horizon is overlain by a slope-forming interval
containing shale and sandstone of Tapeats lithology, overlain by cliff-forming sandstone of Tapeats lithology called
the "red-brown sandstone” (figs. 1.32 and 15.3); transitional beds in the slope above this red cliff grade into
overlying Bright Angel Shale. In current terminology, the lower slope and overlying red-brown sandstone are
assigned to the Bright Angel Shale. A prominent green bed beneath the cliff is a tuff that provided zircon for a
fission track age of 563 Ma assigned to the Tapeats (chapter 17).

205.8 (331.1) Large landslide on left; toe of slide at river level is still active. Several large landslides of
probable late Tertiary age are seen in the next several miles.

207.6 (334.0) Fault; downstream side is up about 250-300 feet (75-90 m). Tapeats Sandstone, upstream,;
Vishnu Schist, downstream.

208.0 (334.7) Entering Granite Park. Granite Park fault; parallels river on left in Proterozoic
crystalline rocks; left (east) side of fault is up about 200 feet (60 m) or more.

208.8 (336.0) 209-Mile Rapids; about an 8 foot (2.4 m) drop.

209.0 (336.3) Fault; downstream side is down about 400 feet (120 m). Vishnu Schist, upstream; Bright
Angel Shale, downstream .

209.5 (337.1) Fault; downstream side is up about 130 feet (40 m), on left. A large landslide covers this
fault on right.

209.9 (337.7) Fault; downstream side is up about 170 feet (52 m).

210.2 (338.2) Red brown sandstone member of Bright Angel Shale
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211.0 (339.5) Contact of shale and sandstone that has a Tapeats lithology (assigned to Bright Angel Shale)
with underlying Tapeats Sandstone.

212.0 (341.1) Tapeats Sandstone thins and wedges out across a Proterozoic "island" of amphibolite.

212.3 (341.6) End of "island."

*212.9 (342.6) Pumpkin Spring; a warm, carbonated mineral spring, on left. Graben on right, having
about 20 feet (6 m) of displacement; does not reach the river. :

213.4 (343.3) Fault on right does not reach the river; downstream side is down about 40 feet (12 m).

214.5 (345.1) Two small grabens exposed high on right wall do not reach river level. '

215.0 (345.9) Two small faults, forming a horst, cross the river, exposing Zoroaster Granite for a short
distance; displacement is about 60 feet (18 m).

215.6 (346.9) Three Springs Canyon, on left. Greatest amount of displacement, about 2,400 feet (730
m), on the Hurricane fault in the Grand Canyon occurs about 1.5 miles (2.4 km) to east, upstream in Three Springs
Canyon .

215.8 (347.2) Begin Lower Granite Gorge. Fault; downstream side is up about 50 feet (15 m).
Tapeats Sandstone, upstream; Zoroaster Granite, downstream.

216.0 (347.5) Arch at top of Redwall Limestone, high on right.

217.3 (349.6) 217-Mile Rapids; a 16 foot (4.9 m) drop.

219.0 (352.4) Fault; downstream side is down about 15 feet (5 m).

219.2 (352.7) Fault; downstream side is down about 40 feet (12 m).

219.3 (352.9) Three Springs fault, a scissors fault, follows river for .0.5 mi (0.8 km); left side is up about
15 feet (5 m).

220.4 (354.6) Granite Spring Rapids; about 8 foot (2.4 m) drop.

221.0 (355.6) Three Springs fault; left side is now down, about 20 feet (6 m). This fault follows the river
for the next 3 miles (4.8 km); displacement increases to about 200 feet (60 m) at mile 224.0 (km 360.4).

222.8 (358.5) Hurricane fault, on left, parallels but does not cross Colorado River; displacement is about
1,550 feet (470 m), right (west) side down.

223.5 (359.6) Begin Diamond Creek tonalite pluton, a Zoroaster-type of granite.

225.3 (362.5) Small remnant of basalt flow about 100 feet (30 m) above river, on right.

*225.7 (363.2) Diamond Creek Rapids; a 25 foot (7.6 m) drop. Elevation at top of rapids is 1,343 feet
(410 m). Take-out point for many river trips. '

227.0 (365.2) End of Diamond Creek pluton; beginning of 229-Mile gneiss. Deepest part of Lower Granite
Gorge, 1,115 feet (340 m) deep.

228.2 (367.2) Fault; downstream side is down about 10 feet (3 m).

229.2 (368.8) Travertine Canyon on left. Travertine deposits in western Grand Canyon have
accumulated from springs in and below Rampart Cave Member, Muav Limestone (fig. 1.32).

229.6 (369.4) Fault; downstream side is up about 30 feet (9 m).

230.0 (370.1) End of 229-Mile gneiss; begin Travertine Falls pluton.

*230.5 (370.9) Travertine Falls on left.

230.9 (371.5) 231-Mile Rapids; about an 8 foot (2.4 m) drop. End Travertine Falls pluton; begin
Vishnu Schist.

232.3 (373.8) 232-Mile Rapids; about a 5 foot (1.5 m) drop. Beginning of highly contorted migmatite
gneiss of the 232-Mile pluton (Zoroaster Granite), which continues for next 4.4 miles (7 km); it is the largest
continuous exposure of migmatite in Grand Canyon.

233.5 (375.7) 234-Mile Rapids; about a 6 foot (1.8 m) drop.

233.6 (375.9) Fault; downstream side is down about 10 feet (3 m).

233.8 (376.2) Fault; downstream side is up about 15 feet (5 m).

*235.2 (378.4) Bridge Canyon Rapids; about an 8 foot (2.5 m) drop. A fault is located about half way
through the rapid; downstream side is up about 8 feet (2.5 m). A large bridge formed in conglomerate spans a
small ravine about 0.5 mile (0.8 km) up canyon; hence the name Bridge Canyon.

*236.0 (379.7) Gneiss Rapids; last rapid, now a riffle, in Grand Canyon; begin Lake Mead. Fauly
downstream side is down about 5 feet (1.5 m).

236.7 (380.9) End 232-Mile pluton; begin 237-Mile pluton (Zoroaster Granite).

237.0 (381.3) End 237-Mile pluton; begin Vishnu Schist with Zoroaster Granitic plutons and mafic dikes.
237.5 (382.1) Bridge Canyon dam site; elevation 1,220 feet (372 m). The proposed dam would have
been nearly 700 feet (210 m) high, backing water as far as 81 miles (130 km) to Havasu Canyon. The dam will
probably not be built because of environmental concemns.

238.5 (383.7) End Vishnu Schist; begin Separation granite pluton.

239.6 (385.5) Separation fault; downstream side is up about 20 feet (6 m). Separation Canyon, on both
sides of river, is a spectacular example of a fault-controlled canyon.

240.0 (386.2) End Separation granite pluton; begin Vishnu Schist.

242.0 (389.4) Fault; downstream side is up about 5 feet (1.5 m).

242.3 (389.9) End of Vishnu Schist; begin Spencer granitic pluton.
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FIGURE 1.32. View of Paleozoic section northwest of the mouth of Separation Canyon, north
side of Colorado River at mile 240 (386 km). Redwall Limestone (Mr), Horseshoe Mesa Member
(h), Mooney Falls Member (m), Thunder Springs Member (t), Whitmore Wash Member (w);
Temple Butte Limestone (Dt); unclassified dolomite (€u); Muav Limestone €m), Havasu
Member (h), Gateway Canyon Member (g), Kanab Canyon Member (k), Peach Springs Member
(p), unnamed shale (s), Spencer Canyon Member (sp), Sanup Plateau Member (sa), Rampart Cave
Member (r); Bright Angel Shale ¢b), Flour Sack Member (f), Meriwitica Member (m),
Tincanebits Member (t), unnamed shale (s), red brown sandstone member (rb); Tapeats Sandstone

).

242.9 (390.8) Fault; downstream side is up about 20 feet (6 m).

243.3 (391.5) On left, small remnant of Pleistocene basalt that originated from Toroweap area (mi 180; km
290), Lower Granite Gorge here is about 420 feet (130 m) deep.

245.2 (394.5) End of Spencer granitic pluton; begin Vishnu Schist. Two prominent buttes in Redwall
Limestone on southern skyline ahead are Spencer Towers.

*246.0 (395.8) Remnant of Pleistocene basalt on right. Before being covered by Lake Mead in 1936, this
basalt flow marked the beginning of Lava Cliff Rapids, considered then the largest and roughest rapid in the Grand
Canyon.

246.1 (396.0) Fault; downstream side is up about 5 feet (1.5 m). End Vishnu Schist; begin Surprise-
Quartermaster granite pluton.

247.0 (397.4) Fault; downstream side is down about 10 feet (3 m).

249.0 (400.6) A small remnant of Pleistocene basalt in protected re-entrant, on left.

249.2 (401.0) Fault; downstream side is down about 20 feet (6 m).

252.2 (405.8) Meriwitica fault; parallels canyon on left. Displacement here is about 450 feet (135 m),
up on left. The fault plane dips to the left (west) about 83°, making this a reverse fault. In overlying upper
Paleozoic rocks, the reverse movement has produced the east-dipping Meriwitica monocline. The lake parallels the
fault for the next 3.3 miles (5 km). The Meriwitica fault is a scissors fault that has a hinge point about 6 miles (10
km) to the north. Beyond this, the fault is a normal fault, east side down, with a maximum displacement of about
175 feet (50 m).

*¥254.2 (409.0) Last remnant of Pleistocene basalt flow, on right.

255.4 (410.9) Leave Meriwitica fault; downstream side is up about 185 feet (55 m).

256.8 (413.2) Fault; downstream side is up about 100 feet (30 m).

257.1 (413.7) Fault; downstream side is up about 10 feet (3 m).

257.7 (414.6) Fault; downstream side is down about 40 feet (12 m).
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259.0 (416.7) A large deposit of travertine on left bank resulted from several now inactive springs.

259.5 (417.5) Two faults, downstream side up, have a combined displacement of about 30 feet (9 m).
Excellent view of Great Unconformity on right. Near the river, water from a large spring in Quartermaster Canyon
(left) travels under and through travertine that has filled the canyon to a depth of about 400 feet (120 m). A
travertine dam, the result of springs about 1 mille (1.6 km) up-canyon, has blocked the transport of stream gravel;
surface water and gravel now overflow the dam on its west side, resulting in a drainage that now falls back into the
original canyon over a cliff of Tapeats Sandstone. Similar dams occur upstream in Meriwhitica and Havasu
Canyons.

261.0 (419.9) End Surprise-Quartermaster granitic pluton; begin Tapeats Sandstone.

266.5 (428.8) Several faults cross the lake the next 2.5 miles (4 km), forming a series of horsts and
grabens. Large deposits of travertine have accumulated on right bank for next several miles. The toes of several
landslide masses on left have been partially re-activated since 1936 because of the lake water.

272.9 (439.1) Spring on left.

274.0 (440.9) Springs on left.

274.2 (441.2) Travertine deposits on right next 1 mile (1.6 km).

*274.3 (441.3) Columbine Falls (Emery Falls), on left.

*275.5 (443.3) Rampart Cave fault; downstream side is up about 600 feet (180 m). Rampart Cave is 0.5
mi (0.8 km) to the west at the top of the Rampart Cave Member of the Muav Limestone. The cave contains
Pleistocene giant-sloth dung deposits, 11,000 to more than 40,000 years old.

*277.6 (446.7) Muddy Creek Formation (late Miocene) accumulated against Cambrian to Mississippian
strata along the Grand Wash Cliffs to an average elevation of about 3,600 feet (1,100 m), approximately 2,400
feet (730 m) above lake level. The base of the Muddy Creek lies at at an unkown depth below this part of Lake
Mead. Muddy Creek sediments occupy older tributary drainages cut into the Grand Wash Cliffs, including an
older tributary canyon that the present Colorado river occupies seen on the right and higher up on the walls of the
Grand Wash Cliffs behind us. See Chapter 18.

*278.0-278.5 (447.3-448.1) Grand Wash fault, approximate location; marks boundary between
Colorado Plateau and Basin and Range geologic provinces. The Grand Wash fault is buried by deposits of Upper
Miocene Muddy Creek Formation. Displacement on fault may be as much as 10,000 feet (3,050 m); downstream

[y

FIGURE 1.33. Aerial view looking northeast along Wheeler fault (A) and Paleozoic strata dipping
to the southeast. Grand Wash Cliffs (B) in background. Contacts dashed where approximately
located. Muddy Creek Formation (Tmc); Kaibab and Toroweap Formations ( Pkt); Hermit Shale
(Ph); Esplanade Sandstone and Pakoon Limestone (Pep); Callville Limestone (FPc); Redwall
Limestone (Mr); Temple Butte Limestone (Dt); basalt of Grand Wash (gw).
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FIGURE 3.5 a,b. Hydraulic maps of House Rock Rapids. (a) Topographic contours and standing waves at 141
cms (5,000 cfs). (b) The same at 850 cms (30,000 cfs).
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FIGURE 3.5 ¢,d. (c) Water-surface contours at 141 cms (5,000 cfs). (d) Velocities and streamlines at 140 cms
(5,000 cfs). Flow direction is from left. Scale is 1:2000. Contour intervals indicated with solid lines are 1 m
(dashed lines = 0.5 m). Diagonal pattern slanting left indicates sand; diagonal pattern slanting right indicates
vegetation. The large sand deposit mantling the downstream part of the debris fan is a separation bar deposit.. In
(d) numerals indicate velocities along the streamlines between the adjacent dots; velocities are in m/s. Trajectories
of the floats were determined from movies taken from the camera station indicated. The boat showing is a
standard commercial motor raft that is 10 m (33") in length. THE BOAT IS SHOWN ONLY FOR SCALE:
THESE MAPS ARE FOR ILLUSTRATION OF HYDRAULIC FEATURES ONLY.AND ARE NOT

INTENDED FOR NAVIGATIONAL PURPOSES.
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