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Figure 12. Evolution of topographic mapping of the Grand Canyon by the U.S. Geological Survey. The area illustrated is the Specter 
Chasm area of the Middle Granite Gorge, approximately between Miles 128 and 131, west-northwest of Powell Plateau. All maps 
reproduced actual size from the original sheets . A. 1 :250,OOO-scale Kaibab sheet (1886) ; contour interval 250 ft (76.2 m). Boxed 
area delineates the approximate area of the other maps. B. 1 :48,OOO-scale Shinumo quadrangle (1908); contour interval 50 ft (15 .2 
m). Note that this detail from the northwest corner of the sheet has different boundaries than those sheets from which C and 0 
have been reproduced, and that the topographic contouring of the Inner Gorge has been extended beyond the normal western 
boundary of this sheet. C. 1 :62,500-scale Powell Plateau quadrangle (1962); contour interval 80 ft (24.4 m). D. 1 :24,OOO-scale Powell 
Plateau quadrangle (Provisional edition , 1988); contour interval 40 ft (12.2 m). 
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baseline surveys for topographic mapping of the Grand 
Canyon region. The river surveys were combined with 
overland traverses, the data from which were used to 
produce a series of 1 :250,000-scale topographic sheets, first 
released in 1886. Powell (1873b), in a report to Congress, 
briefly described the completion of various aspects of his 
surveys, and offered projections for continuing work. About 
this, Powell very casually summarized a tremendous task in 
one sentence (Powell, 1873b, p. 5): 

" * * * Professor Thompson, taking three 
assistants, and a small party of Indians, crossed 
the Kaibab plateau to a point on the brink of the 
car'\on opposite the mouth of the little Colorado, 
and ran a system of triangles across the river from 
pOint to point, sketching the topography of the 
upper portion of the car'\on and the upper ends of 
the lateral car'\ons, and carried this work down to 
the Grand Wash, thus completing the topography 
of this monstrous gorge, with all its accessory 
canons [§J,£]." 

In 1880, Dutton included in a report a map of the 
canyons and plateaus of Utah and northern Arizona, as 
delineated by the explorations made by John Wesley Powell. 
The sketch showed for the first time geomorphic form, being 
neither a shaded relief map nor geological map. Dutton's 
(1882) magnificent Atlas, accompanying his monograph on 
the Grand Canyon district, presented the first true geological 
maps of the area. They showed with colors the outcrop 
patterns of several time-stratigraphic units, as broadly 
grouped by the analysis in the monograph, and other maps 
showed structural features of the region. These maps also 
included the first topographic map of the Canyon-proper, so 
far as could be determined from his vantage points on the 
North Rim. Dutton's maps stood for decades as the authori­
tative view of the Grand Canyon. 

The U.S. Geological Survey used the triangulation 
surveys of Powell to produce 1 :12S,000-scale topographic 
sheets of the Grand Canyon region. The first one published 
was the Kaibab quadrangle, in 1886. This series contained 
many errors, especially of geographic positioning, but 
remained in print until 1927, long after better 1 :48,000-scale 
maps were available. 

In 1902, the U.S. Geological Survey began an ambitious 
plan to topographically map the eastern Grand Canyon at a 
larger scale than ever attempted there. FranQois E. Matthes 
was selected for the job, and he and three assistants began 
work on the South Rim that spring. Months of triangulation, 
leveling, and plane table mapping were carried out, using the 
preliminary sketch method of contour plotting. In describing 
the work, Matthes (190Sa,b) noted that while the methods 
used were not new, they certainly had "never before been 
applied on so extensive a scale and with so much sys­
tematic elaboration." The final product was a set of tw~ 
atlas she~ts at a scale of 1 :48,000, covering some SOO mi 
(1,300 km ) with contour intervals of 50 ft (15 m). The Bright 
Angel quadrangle, first issued in 1903 and reprinted several 
times before being replaced in 1967 by a map made from 
aerial photography, is an exquisite art work. On its back was 
printed a text by Matthes on the geological features of the 
Bright Angel quadrangle. (Matthes revisited the Canyon in 
1925 and 1927, and wrote a short article recounting the 
travels of the mapping party [Matthes, 1927b, reprinted 
1935].) Even though these maps superseded some of the 
1 :250,000-scale sheets based on field work of the Powell 
Survey, the older maps remained in print into the 1920s. 
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Matthes' text still appears on the reverse of the 1967 
1 :62,500-scale Bright Angel topographic sheet. 

In 1915, Marshall directed the compilation of a list of 
spirit leveling results in Arizona as done from 1899 to 1915. 
Primary leveling in the Grandview, Bright Angel, Vishnu, and 
Shinumo quadrangles located survey routes and placed 
benchmarks throughout the Canyon. Some of these 
benchmarks were used decades later by Washburn in his 
remapping of the Bright Angel area of the Canyon (see later 
in this section). 

In 1923, the U.S. Geological Survey sent a team of 
geologists down the Colorado River through the Grand 
Canyon. The primary purpose of this expedition was to map 
the Inner Gorge and conduct a reconnaissance of potential 
dam sites. The report issued by La Rue (1925) included 
many detailed topographic maps of selected areas of the 
Inner Gorge, and was accompanied by calculations of 
reservoir areas and capacities as well as geological descrip­
tions (see also the section herein, Engineering Geology). 
After this expedition, though, virtually nothing was done for 
some time with regard to mapping the Grand Canyon. 

The year 1961 was a turning point in Grand Canyon 
cartography. Maxson prepared the first geological map of 
the Bright Angel quadrangle, including four cross-sections 
(Maxson, 1961 b). Mapped units included landslide deposits, 
Maxson's "Rama formation" and "Brahma schist," and his 
redefined Nankoweap Formation and Zoroaster Granite. The 
Rama formation was never retained because it simply named 
intrusive diabases of the Middle Proterozoic strata. The 
Brahma schist was simply a different metamorphic phase of 
the Vishnu Schist. Maxson supplemented the map with a 
booklet on the geologic history of the region (Maxson, 
1961a). 

Also in 1961, Snell published some preliminary investiga­
tions into predicting line-of-sight capabilities from topo­
graphic maps. He did this by mathematically modelling two 
sample terrains; one of them was the Grand Canyon quad­
rangle of the U.S. Army Map Service 1 :250,000 Series. 

A brief lull in cartographic activity followed the 1961 
publications. The next flurry of activity, in 1967, was an even 
more important year. The U.S. Geological Survey released a 
series of new 1 :62,500-scale topographic sheets of Grand 
Canyon quadrangles based on aerial photography, with 
contour intervals of 80 feet (24.4 m). Maxson (1967) released 
a preliminary geological map of the eastern Grand Canyon to 
the same scale. He retained his Rama formation and Brahma 
schist. He also mapped an outlier of the Cambrian Tapeats 
Sandstone capping Nankoweap Butte, which other workers 
would soon recognize as the Late Proterozoic Sixtymile 
Formation. His was a welcomed task, but later workers 
faulted Maxson for relying too much on aerial photography 
and not enough on field work. In 1969, Maxson supple­
mented the geologic map with one for the central and 
western Grand Canyon, but this map was not colored. 

The eastern Grand Canyon geological map was super­
seded in 1976 by a joint effort of eight principal workers, 
each contributing the area of his field experience: Peter W. 
Huntoon (post-Paleozoic structural geology); George H. 
Billingsley (Paleozoic and younger stratigraphy); William J. 
Breed, James W. Sears, and Trevor D. Ford (younger 
Precambrian geology); and Malcolm D. Clark, R. Scott 
Babcock, and Edwin H. Brown (older Precambrian geology). 
After minor changes in later editions, it is today the standard 
map for the area, based on extensive field work in addition to 
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aerial photography. A map by Billingsley et al. (1985) shows 
the geology of the Coconino Point and Grandview quad­
rangles of the Canyon's eastern South Rim, extending the 
coverage of the 1976 map in that area. Although no single 
western Grand Canyon geological map has followed Max­
son's 1969 map, several uncolored maps replace that work: 
Huntoon and Billingsley (1981, Hurricane fault zone; 1982, 
Lower Granite Gorge and vicinity) and Billingsley and 
Huntoon (1983, Vulcan's Throne and vicinity). 

In 1969, Wilson et al. produced a 1 :500,000-scale 
geological map of Arizona. Some resolution is lost, however, 
by combining related formations as single mappable units. 
This map was revised by Reynolds (1988). 

In 1971, Dr. and Mrs. Bradford Washburn of the 
Museum of Science in Boston, Massachusetts, essentially 
took it upon themselves to map part of the Grand Canyon at 
a larger scale than ever before attempted. Envisioned were 
manuscript sheets at a scale of 1 :4,800. After considerable 
preparations, using teams of volunteers, and with grants from 
the National Geographic Society, the monumental effort 
began. The principal equipment used was a theodolite and 
a laser ranging instrument. Targets were set up at critical 
points on the Canyon rim and atop buttes within the 
Canyon, accomplished with the aid of helicopters--a spec­
tacular view of the Washburns atop Dana Butte appeared in 
the July 1978 issue of National Geographic (National 
Geographic, 1978, p. 36). Washburn (1983) has elaborated 
on the methods used in surveying in the Canyon and in 
preparing the final map sheets. 

The Washburn map of "The Heart of the Grand 
Canyon" (Washburn et aI., 1978; scale 1:24,000) combined 

elements of several cartographic techniques--topographic 
contours (100-ft [30 m] intervals, shaded relief, cliff-face 
hachures (new to Grand Canyon maps), and vegetational 
shading. A slightly trimmed version of the map (to accom­
modate printing presses) was issued with the July 1978 
issue of National Geographic; 10,400,000 copies were 
printed. 

Part of the Washburn mapping project involved mapping 
five of the Grand Canyon's trails to a scale of 1 :2,400: the 
Bright Angel, North Kaibab, South Kaibab, Hermit, and Rim 
Trails. Only one map, the Bright Angel Trail, has been 
published (Washburn, 1981; 1 :4,800 scale with 25-ft [7.5 m] 
contours). Billingsley and Breed (1986) used this map as a 
base for their geologic map of the Bright Angel Trail, which 
was accompanied by a booklet (Breed et aI., 1986) describ­
ing the geology of the Canyon as seen along the trail. The 
unpublished manuscript sheets can be seen at the Museum 
of Science in Boston. 

In 1988, the U.S. Geological Survey began releasing 
provisional editions of 1 :24,000-scale topographic maps of 
the Grand Canyon region. This series of maps will bring this 
area into line, cartographically, with the mapping available for 
most areas of the United States. 

Lastly, readers who are interested in more about 
mapping the Grand Canyon should consult several referen­
ces. Maps from the pre-Powell era are discussed by Pyne 
(1982). Mapping from the time of Ives to 1972 is well 
summarized by Seavey (1979). Washburn's grand mapping 
project of 1971-1978 is recounted by Washburn (1983). 



52 Spa mer 

XXIII. REMOTE SENSING 

SPACE-AGE TECHNOlOOY allows us to explore the 
surface of our planet from afar, at high altitudes as well as 
from space. The Grand Canyon from space appears only as 
a pattern of contrasting shades of not much relief, feathered 
by the scratches of side canyons. But the tremendous 
chasm we see at ground level presents an interesting testing 
area for some kinds of remote sensing technology. We know 
in detail what the Canyon looks like, so we can compare the 
results of the remote sensors to the real thing. The applica­
tion of this test of resolution is obvious to astrogeologists. 

Airborne radar and infrared observations were made at 
various locations in northern Arizona, including the Grand 
Canyon (Schaber, 1968). In the Canyon, radar observatio~s 
of lineaments and joint structures correlated well with 
mapped geologic structures. Some stratigraphic features 
were easily seen in part of the South Rim, this due to radar 
shadowing by slope- and cliff-forming rock units. But rock 
types and sharp stratigraphic contacts could not be dis­
cerned. Cultural features and some physiographic details 
along the South Rim were well portrayed in the radar imag­
ing. 

Jefferis (1969) used side-looking airborne radar .(~L~R) 
imagery in the Grand Canyon area. Larger faults and JOinting 
patterns were recognized in the images. In some areas, the 
radar maps showed lineaments where no structural features 
had been mapped, supporting the usefulness of SLAR in 
locating unrecognized tectonic features. 

The use of images from the Earth Resources Technol­
ogy Satellite (ERTS), together with enhanced image process­
ing, was examined by Lucchitta (1975) in northern Arizona. 
Applications to geological mapping were discussed in that 
paper. 

Photographs from hand-held cameras on the Skylab 4 
mission were studied by Silver et al. (1977). Previously 
unrecognized fracture systems were revealed on photo­
graphs of the Grand Canyon region. 

In 1979, Elachi and Farr used airborne imaging radar to 
examine the Yaki Point area of the Grand Canyon. Vertical 
cliffs were seen in much greater detail than in optical images 
of comparable resolution. But the authors noted that from 
those observations no new information was obtained on the 
geology of the Grand Canyon. 

Berlin et al. (1982) used Seasat radar imagery to study 
the topography of part of the Grand Canyon. Erosio~ally 
resistant formations, forming cliff faces, were sharply defined 
where they face away from the radar beam; these are 
backslopes. Slope-forming rock units and the Vishnu Schist 
of the Inner Gorge showed little backscatter on the faces 
away from the radar beam. Foreslopes could not be 
resolved into cliff- and slope-forming units. 

XXIV. GEOLOGICAL EDUCATION 

T HE GRAND CANYON is one of the traditional tools 
of geological education. Its grand pa.norama .of uninterr~pted 
exposures, classic "layer cake" stratigraphy Incorporating all 
three major rock groups, and its representation of nearly a 
quarter of the history of the earth, are all parts of the 
Canyon's great lesson of geology. Gilbert (1876) was the 
first to promote the Canyon as an instructive aid in educating 
geologists. 

Nations and Beus (1974) reviewed the logistics and 
objectives of a three-day hiking trip into the Grand Canyon, 
descending South Kaibab Trail and ascending Bright Angel 
Trail, spending a day in the Phantom Ranch area. Beus and 
Carothers (1984) have supported the combination of class-

work and field instruction on a Colorado River trip as a 
means of merging instruction in geology and biology. They 
noted that observations of conditions in the Inner Canyon 
can be communicated to the National Park Service, as 
contributions to ongoing monitoring of the Canyon environ­
ment. 

Many field guides have also been written about the 
Grand Canyon, concentrating on the whole area or em­
phasizing smaller segments. The segmented field guides 
are in the form of trail and river logs for hikers and boaters. 
For a summary of the geologically oriented separately 
published guides, see the next section. 
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xxv. FIELD GUIDES TO THE COLORADO RIVER AND TIlE GRAND CANYON 

AT THE BEGINNING of most sections of this paper 
appear lists of pertinent features seen along the course of 
the Colorado River, as noted in the Colorado River guide­
book of the 28th International Geological Congress (Bi­
llingsley and Elston, 1989, and Graf et aI., 1989). But there 
are many published geological guides to the Colorado River 
and the Grand Canyon to which the reqder may want to 
refer. Those that appear as papers within periodical publica­
tions are often abbreviated and for the most part are over­
looked here. None of the references listed in this section are 
included in the bibliography for this volume unless they are 
mentioned for a particular purpose elsewhere in the text. 

Colorado River Guides 

BACH HUBER, Frederick W., Stephen ROWLAND, and 
Peter HUNTOON. 1987. Geology of the lower Grand 
Canyon and upper Lake Mead by boat--An overview. 
!D.: S. S. Beus, ed., Rocky Mountain Section of the 
Geological Society of America. Geo!. Soc. America 
Centennial Field Guide, Vo!. 2, pp. 36-51. 

BE US, Stanley S., and Ivo LUCCHITIA. 1987. Field-trip 
guide for Marble Canyon and eastern Grand Canyon. 
In: G. H. Davis and E. M. VandenDolder, eds., 
Geologic diversity of Arizona and its margins: 
Excursions to choice areas; field trip guidebook, 
100th Annual Meeting, Geological Society of America. 
Arizona Bureau of Geology and Mineral Technology, 
Special Paper 5, pp. 3-19. 

BILLINGSLEY, George H., John D. HENDRICKS, and Ivo 
LUCCHITIA. 1987. Field guide to the lower Grand 
Canyon, from Peach Springs to Pierce Ferry, Arizona. 
In: G. H. Davis and E. M. VandenDolder, eds., 
Geologic diversity of Arizona and its margins: 
Excursions to choice areas; field trip guidebook, 
100th Annual Meeting, Geological Society of America. 
Arizona Bureau of Geology and Mineral Technology, 
Special Paper 5, pp. 20-38. 

BELKNAP, Buzz. 1969. Grand Canyon river guide. 
Boulder City, Nevada: Westwater Books, 
[unpaginated]. 

HAMBLIN, W. Kenneth, and J. Keith RIGBY. 1968. Guide­
book to the Colorado River, Part 1: Lee's Ferry to 
Phantom Ranch in Grand Canyon National Park. 
Brigham Young University Geology Studies, 15(5), 84 
pp . 

HAMBLIN, W. Kenneth, and J. Keith RIGBY. 1969. Guide­
book to the Colorado River, Part 2: Phantom Ranch in 
Grand Canyon National Park to Lake Mead, Arizona­
Nevada. Brigham Young University Geology Studies, 
16(2),126 pp. 

Figure 13. John Wesley Powell and party explore the walls 
of the Grand Canyon. (Powell, 1875, fig . 34.) 



54 

LUCCHITTA, Ivo. 1987. the mouth of the Grand Canyon 
and edge of the Colorado Plateau in the upper Lake 
Mead area, Arizona. !.!l: S. S. Beus, ed., Rocky Moun­
tain Section of the Geological Society of America. 
Geological Society of America, Centennial Field 
Guide, Vol. 2, pp. 365-370. [A general review, not a 
river or road guide; but an important summary which 
can be used as a field guide.] 

PEWE, Troy L. 1974. Colorado River guidebook: a 
geologic and geographic guide from Lees Ferry to 
Phantom Ranch. Tempe, Arizona: Troy L. Pewe, 3rd 
ed., 79 pp. 

SIMMONS, George C., and David L. GASKILL. [1969]. 
River runners' guide to the canyons of the Green and 
Colorado River: with emphasis on geologic features. 
Volume III. Marble Gorge and Grand Canyon. 
Flagstaff, Arizona: Northland Press; in cooperation 
with Powell Society, Ltd., Denver, Colorado, 132 pp. 

STEVENS, Larry. 1983. The Colorado River in Grand 
Canyon: a comprehensive guide to its natural and 
human history. Flagstaff, Arizona: Red Lake Books, 
107 pp. 

Those who wish some historical information on the 
Colorado River will find the following references of interest: 

CRUMBO, Kim. 1981. A river runner's guide to the history 
of the Grand Canyon. Boulder, Colorado: Johnson 
Books, 61 + pp. 

LAVENDER, David. 1985. River runners of the Grand 
Canyon. Grand Canyon Natural History Association, 
147 pp. 

Grand Canyon Geologic Guides 

Geologic guides to the Grand Canyon area, such as 
road logs and trail guides, are scattered through the litera­
ture. A selected group of more recently published items is 
listed in this section. 

BEUS, Stanley S. 1987. Geology along the South Kaibab 
Trail, eastern Grand Canyon, Arizona. !.!l: S. S. Beus, 
ed., Rocky Mountain Section of the Geological 
Society of America. Geological Society of America, 
Centennial Field Guide, Vol. 2, pp. 371-378. 
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BREED, William J., Vern STEFANIC, and George H. BIL­
LINGSLEY. 1986. Geologic guide to the Bright Angel 
Trail. Tulsa, Oklahoma: American Association of 
Petroleum Geologists, [44] pp. 

HAMBLIN, W. Kenneth, and Myron G. BEST. 1970. Road 
log. !.!l: W. K. Hamblin and M. G. Best, eds., The 
western Grand Canyon district. Utah Geological 
Society, Guidebook to the Geology of Utah, no. 23, 
pp.93-154. 

HAMBLIN, W. Kenneth, and Joseph R. MURPHY. 1969. 
Grand Canyon perspectives; a guide to the scenery 
by means of interpretive panoramas (illustrations by 
William L. Chesser). Brigham Young University 
Geology Studies, Special Publication 1, 48 pp. 

HEREFORD, Richard. 1987. Upper Holocene alluvium in 
the southern Colorado Plateau: A field guide. !.!l: G. 
H. Davis and E. M. VandenDolder, eds., Geologic 
diversity of Arizona and its margins: Excursions to 
choice areas; field trip guidebook, 100th Annual 
Meeting, Geological Society of America. Arizona 
Bureau of Geology and Mineral Technology, Special 
Paper 5, pp. 53-67. 

LUCCHITTA, Ivo, and Richard A. YOUNG. 1986. 
Structure and geomorphic character of western 
Colorado Plateau in the Grand Canyon-Lake Mead 
region. !.!l: J. D. Nations, C. M. Conway, and G. A. 
Swann, eds., Geology of central and northern 
Arizona: field trip guidebook of Geological Society of 
America Rocky Mountain Section Meeting, Flagstaff, 
Arizona, 1986, pp. 159-176. 

RIGBY, J. Keith. 1977. Southern Colorado Plateau; field 
guide. Dubuque, Iowa: Kendall/Hunt Publishing Co., 
148 pp. 

THAYER, Dave. 1986. A guide to Grand Canyon geology 
along Bright Angel Trail. Grand Canyon Natural 
History Association, 66 pp. 

VANDERSLUIS, George D., and Charles B. HAUF. 1969. 
Road log; Yaki Point (top of Kaibab Trail on South 
Rim of the Grand Canyon) to Lee's Ferry, Arizona via 
Cameron. In: Geology and natural history of the 
Grand Canyon region. Four Corners Geological 
Society, 5th Field Conference, pp. 201-212. 
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APPENDICES 

A. Grand Canyon Stratigraphic Column 

B. Development of Grand Canyon Paleozoic Stratigraphic Nomenclature 

C. Development of Stratigraphic Nomenclature of the Middle and Late Proterozoic Grand 
Canyon Supergroup 

D. Development of Stratigraphic Nomenclature of the Early Proterozoic Vishnu Group 
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Appendix A 

a. 
Chronostratigraphic Units Original Description ::J Lithostratigraphic Units 0 

of Fonna t i on s-
Ol 
s- a. Thickness Environment of (lJ ::J 
a. 0 Formation Member (ft) (m) General Lithology Depo')ition StdqE' Period Era ::J s-
I/) t.!) 

Gregory (1915) FJ IIV I a L t 
Chinle Formation Shinarump Conglomera~ 25 (7.6) Conglomerate (I) 

0 
Triassic N 

Moenkopi Formation 481 (]47 ) Sandstone, shale, limestone Fluvlu-dpltaic 0 
Ward (1901) ..... 

n 

alpha 15 facies Redbeds, thin limestones, local Regressing sea 

1- --
gypsum 

Darton (\910) Kaibab Formation beta 15 facies 200 (61) Limestones to west, grades into Maximum advance 
sandstones to east 

grumna 
1---

Redbeds; other sandstones, shales; Transgressing sea 

I 
reworked underlying units 

alphal, I 2 facies Redbeds, thin limestones, local Regressing sea 
-..4 gypsum 
I~ U)I~--<11 cu III Massive limestone, more magnesian '"' U) ,..c:: 

Toroweap Formation !-< <11 Po. 300 (91) thick to west, thin to Maximum advance Early 
'1cKee (1918) beta 1 ,..c:: I 2 facies to east; Leonardian ! 

.., Po. E east Permian 
I 

E§ ~--- I I cu ~ I en ! 

gamma OJ OJ cu Redbeds; other sandstones, shales; Transgressing sea 
I 

en ~ reworked underlying units 
I~ 1 ---

I 

I 

j ';;nton (I9l0) Coconino Sandstone 60-300 Cross-bedded clean, well-sorted Desert dunes 
(l8-91) quartz sand 

I '"1:1 
Noble (922) Hermit Shale 300-1 b09° Shales, sandstones Fluvio-deltaic 

III 
~ 

(91-3 5 indeterminate 
ro 
0 --

boundary 
N 

~nade Sandstones, sandy mudstones Convergence of two I 
0 ... White (1929) 250-800 transgressing til n Pakoon QJ 

(Pakoon: McNair, 1951) (76-244) (Pakoon: Limestones) seaways (?) I-< Wolfcampian Limeston 00 

Pakoon: Barrier QJ 

Sandstone ~ 
build-up I 

QJ 
:> til 

~ 100-250 Sandstones, sandy mudstones Convergence of ~ QJ 
::I Wescogame Formation til ...... 

McKee (1975) 0 (30-76) three transgressing en u 
Virgil ian '"1:1 

'"' cu >. ro 0 I-<U ;:I 

~ 
seaways 00 ;:I U) cu 

Des Moinesian(?) til <11 
200-300 Sandstones, sandy mudstones, c:: :> '< McKee (1975) ~ Manakacha Formation <11~ ... _._._ .. _ ... _._ .. _---

~ 

(61-91) limestones Shallow seaway '"' en < til !-< III 
r-----' 

I-< Atokan 
;:I ... 

Mudstones, sandy mudstones, Shallow embayment ::I III 
Watahomigi 100-350 0 ;:I 

McKee (1975) limestones, conglomerates ~ 

Formation (30-107) 
Regressing sea Morrowan 

Surprise Canyon 0-400 Marine and continental sediments Erosion of uplifted area; 
In :J: 

Billingsley and Beus ...... 
Formation (0-122) filling buried valleys in surface fluvio-marine infilling of Chesterian 

'1:l In 

(1985) ... In 
III ... of Redwall Limestone valleys ;:I Ul 

_. -- I 

• • • 
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H h 3')-125 - M '1 orses 01' Mesa (Limestones, bedded cherts Regressing sea eramec an ? 
11-38) .. . ~ 

-.. 200-350 ~ 
Mooney Falls ~ (61-107) Dolomites and limestones Transgressing sea ~. 

Gilbert (1875) Redwall Limestone ~ ~. 
7~IOC ~ 

Thunder Springs 0 (21-30) Bedded cherts and dolomites Regressing sea Osagian ;;. 

~ f--. -- g: 
~." '00 Ifthitmore Wash (30) Fine-grained dolomites Transgressing sea 

Eastern Gpand Canyon: Discontinu- ~amennian 
ous carbonate channel-fill de- Intertidal shelf ~ Late 

Walcott (1890) Temple Butte 0-1,000 posits in top of Muav Limestone. Frasnian Devonian 
Limestone (0-305) Western Grand Canyon: Carbonate 

channel-fill deposits overlain by Shallow supratidal shelf ~. ~iddle 
dolomites. ~ivetia~ Devonian 

Devonian 
unassigned 70-150 Dolomites Regressing sea OP Late 

(21-46) or Middle 
Cambrian 

Havasu Limestones Regressing sea 

Gateway Canyon Limestones, siltstones Maximum advance, beginning 
r-________________________________ ~r~e~zr~e~s~s~i~o~n~------------__4 ~ 

Kanab Canyon Limestones, siltstones, shales, Transgressing sea ~ 
dolomites sandstones ~ 

N 
Peach Springs Limestones Transgressing sea 0 

Noble (1914) . 150-800 ~ 
Muav Limestone unnamed un1-t (46-244) Shales Regressing sea 

Spencer Canyon Limestones, siltstones Transgressing sea 

unnamed unit Shales Regressing sea _.-- Middle 
r---------------------------------~---------------------.. ----

Sanup Plateau Limestones, siltstones Transgressing sea 

I 

~ unnamed unit Shales Regressing sea 
2 Cambrian 

. _________ .__________ L' Rampart Cave Limestones, shales Transgressing sea 
, 0 

. ~ Flour Sack Shales, siltstones, limestones Regressing sea (minor) 
o 
~ Meriwitica Dolomites Transgressing sea 

unnamed unit Shales Regressing sea 
200-450 

Noble (1914) Bright Angel Shale Tincanebits (61-137) Dolomites Transgressing sea 

unnamed unit._ Shales "-

'red-brown sandstone" Sandstones '" 

unnamed unit Shales , 
Early , 

Tran8ition Zone Offshore Cambrian 
....... -........................................ ,... ............. ......... .................... 100-300 Coarse- to medium-grained cross- ....... _ ..... __ .............. _ ... - ....... _ .. 

Noble (1914) ~apeats Sandstone I (30-91) bedded sandstones Shoreline 

The G pea tUn con for mit y ------------------~----------------~~~~--~~~ 
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~ The G l' eat U nco n f 0 l' mit y --------~~~~~- ~ 

Ford and Breed Lower, middle, and Breccias, sandstones, shales, 
(1972, 1973) 5Jxtymile Formation upper members; all 120 (,37) dolomites, quartzites Lands1 ide dphris 

unconformable 
~_---,-....-.-r-......r--.-......~~ ______ ~.............-. __ 

838 
Dolomites, shales, cherty pisolltE 

Walcott 
~ (255) 

beds; basal flne~gralned flaky Lacustrine 
t'-.. dolomite 

Ford and Breed Kwagunt Formation ~ 
1,128 Argillaceous shales, mudstones, Tidal flat(?)/ 

( 1972, 1973) Awatubi 00 (374) thin ferruginous siltstones lacustrine t"" 
III ...... 
" N ro 

Carbon Butte ~ 252 
Mudstones, shales Subaerial 

(77 ) ~ 
0- '1 

- :l 0 
0 " ,., 

Duppa 570 Argillaceous shales, siltstones, Lacustrine 
ro 

t-' 
(174) 

1'1 ,., limestones, mudstones 0 
N 

<11 
1,546 Alternating limestones, shales, 

0 
:l Carbon Canyon Lacustrine/subaerial ~ 

.J:: 0 
U ~ (471) sandstones 

Ford and Breed 
C:) 
t<) Argillaceous shales, with sand-

(1972, 1973) Galeros Formation Jupiter ~ 1,516 stones and siltstones; basal Lacustrine 
0- (462) 40 ft (12.2 m) stromatolitic 
:l 
0 N limestones ,., ,... 
00 N 

Shales; basal 60 ft (18.3 m) ,., 
"" 640 OJ Tanner massive coarsely crystalline Marine/lacustrine 0- (195) :l dolomite overlain by limestone Ul 

t:: 
Thick-bedded sandstones; upper Marine, subaerial(?) 0 upper member 

Van Gundy (1934, 1951) 
>. Nankoweap Formation 330 nOl) 23-ft (7.0-m) calcareous unit c:: ferrugineous member <11 with shale laminae Subaerial u 

Keyes (1938), " t:: 
Cardenas Basalt 980 (299) Basalts, interbedded sandstones 

Shallow-water and 
<11 

Ford et al. (1982) ,., subaerial eruptions 
t-' 

upper member (~~1 Sandstones, siltstones (Ochoa Point) Tidal flats 
:x 

upper middle member -- 623 Interbedded siltstones, quartz ~ 0) 
Tidal flats, salt flats 0-

(Comanche Point) 
<r.> 

( 190) sandstones 0-
Dox Sandstone ~ f-' 

Noble (1914) lower middle member 927 Sandstones, fine-grained sand- UppeI': Channeled flood- ro 
0-
:l (Solomon Temple) 

11"\ 
(283) stones, shaly siltstones plain ~ 

0 LoweI': Floodelain '1 ,., "" 0 
0 

lower member 
...... 

1,291 " C""! 
Siltstones, sandstones, calcare- Deltaic; turbidite with ro ,., 

(Escalante Creek) (394) 1'1 
<11 ous sandstones, shales basal lagoonal shale 0 

1-- ~ N 

Noble (1914) 
t:: 1,132-1,346 Dominantly hard-cemented sand- o 
~ Shinumo Quartzite 5 units Fluvio-deltaic ..... 

(345-410) stones, conglomerates 0 

Noble (1914) Hakatai Shale 4 units 558-949 Mudstones, sandstones; intruded Shallow water, subaerial 
(170-289) by sills exposure in arid climate 

gI'adat1..onal contact 
187-327 Dolnmltes, cherts, shales, mud- Transgression-regression 

Nohle (1914) Bass Limestone ._ ............... _._ .. _-_ ... _------_ ..... - (57-100) st, JPH; intermittent basal in embayment(?) 
Hotauta Conglomerate conglomerate 

Vishnu Group ~ 

Vishnu Schist: N 1'1 tzl 

Vishnu Schis t, ZopoasteI' Plutonic Basement Metamorphosed sands, shales, and igneous rocks; plutons; 00 III 

Walcott (1890) ~." '1 

Complex, Trinity Gneiss, Eloes Chasm intruded by pegmatites oro f-' 
1'1'< 

Gneiss, Granite l'w'k Mark Complex 0 
I 

• • • 
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Notes to Appendix A 

Primary references for this appendix: Babcock et al. (1979), Beus (1980), Billingsley (1978), Billingsley and Beus (1985), Brown 
et al. (1979), Clark (1979), Ford and Breed (1973), McKee (1933,1938,1963,1982), McKee and Gutschick (1969), McKee and 
Resser (1945), Stevenson and Beus (1982). 

Lithologic thicknesses listed for the Shinarump Conglomerate Member of the Chinle Formation, and for the Moenkopi 
Formation, are thicknesses where these strata occur at Cedar Mountain, the nearest outcrops of these units to the Grand 
Canyon. 

Some formations and stratigraphic members are not continuous through the length of the Grand Canyon. The Pakoon 
Limestone intertongues with the Supai Group but is not a part of that group. 

The "Great Unconformity" is an angular unconformity. Where exposed, the Cambrian Tapeats Sandstone lies upon Middle 
Proterozoic-age rocks of the Grand Canyon Supergroup or upon the Early Proterozoic Vishnu Group. In places, resistant 
hummocks of the Shinumo Quartzite were islands in the Tapeats Sea. 

Rocks ofthe Vishnu Group are most dramatically exposed in the eastern Grand Canyon's Inner Gorge, where >335 m (>1,100 
ft) vertical exposures are found . 
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Appendix B 

-----------~----r - -- ~ - ~ ---- . - -- - -r- -- - - .-- _.- - - - - - . ---~ - - - - - ---- - - - -- - ~ --- --"- - -- - -.----

Formation MARCOU MOLLHAUSEN NEWBERRY GILBERT POWELL WALCOTT DUTTON DUTTON 
(1856, 1858) (1860? , 1861) (1861 ) (1875) (1876) ( 1880) (1882, f i p,. I ) (1882, pi. 28) 

.... -
Upper Aubrey cherty 

Kaibab Fm. Group Upper limestones 
Limestone Upper 

Toroweap Fm. 
(I) 

Aubrey Upper Aubrey 
;j Lower Aubrey Limestone 
0 
~ Group 

t: ~ Cross- Aubrey Group cross-bedded 
Coconino Ss. 

."", 

ro Permian Unter s::: stratif ied sandstone 
0 

E .0 sandstones Group 
~ ~ 
QJ Magnesian Steinkohlen- III Lower Aubrey 
a.. Hermit Sh. u 

Red Lower Group 
Limestone Formation Lower 

calcareous 
(I) Aubrey ;j 

Esplanade 55. 0 Aubrey 
~ 

~ 

QI sandstones 
QJ Group .... 

Q. ."", 
Q. (I) s::: Sandstoraes 

~ \~escogame Fm. ~ 
with 

;j Red 0 
0 .0 
~ ~ Red QI III 

t: .... U 
ro gypsum ."", Wall 
> Manakacha Fm. s::: 

0 
>, .0 Group Wall 
1/1 ~ 
t: co 
t: u Upper Red Wall 
QJ Watahomigi Fm. CL. ('. 

I/) 

Red Red Group Lower ;j 
0 

Surprise Canyon ~ 

Carboniferous 
QI Wall Wall Red 

. Fm. Devonische .... 
..-4 

on s::: 
on Mountain Formation 

0 Limestone Limestone Limestone .0 
:E: Redwall Ls. ~ + Wall III 151 Limestone 

u s:::s::: Group 111111 III 
~ ..-4..-4 ..-4 sandstone on Limestones 
~ S:::~ s::: 

> Temple Butte Ls. 
O;j 0 impure 

C1J 0 >.-1 > 
Q ? ? ...l QI..-4 QJ limestone 

QtIl Q 

('. 

Limestones, 
unassigned s::: shales, and Marbled Base of the 

III grits s::: 
..-4 III 

Old 
s::: ..-4 limestone Tonto Tonto Carboniferous Lower 
0 ~ 

Muav Ls. Silurische > ;j 
QJ .-I s::: 

c Red Q Limestones ..-4 III Carboniferous 
ro til ."", 

<- Formation mudrocks, .-I Tonto Group ~ Primordial 
L. 

;j 

.Q Bright Angel Sh . Sandstone and co Shale .-I Lower Sandstones 
E C'ci ..-4 ."", 

~ 
sandstones "d til 

III ~ 
."", Potsdam 0 Tonto Silurian 
~ .~ 

Tapeats 5s. 
;j sandstone Sandstone .-I ~ 

."", ,:l.. 
til 

• • • 
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Appendix B (continued) 

--r-------- -----,-------- ------ ----

Format ion WALCOTT WALCOTT FRECH DARTON NOBLE SCHUCHERT REF.S I DE & BASSLER NOBLE 

(1886) (1890) (1893) (1910) (1910, 1914) (1918) (1922) (1922) 

r---~.--
~ 

Aubrey 0 
Kaibab Fm. Limestone Kaibab Kaibab Kaibab Kaibab ~ Kaibab 

Aubry Upper QJ 

and ~ 

1 .0 
Dolomite Limestone Limestone Limestone Limestone ::I Limestone 

Toroweap Fm. Carboniferous Aubrey < 
II) 

::I ~ 

0 QJ 

Limestone ~imestone I-< Coconino 
p.. 

Coconino e <II White Aubrey Coconino Coconino Coconino p.. 

to Coconino Ss. ~ c:: Sandstone 
::J 

Sandstone • .-1 Sandstone p.. Sandstone III Sandstone Sandstone 
E c:: ::I • .-1 

L 0 0 c: 
OJ .0 I-< III 

Hermit Q I-< 0 :> 
Hermit Sh. III ...... 

U ~ Upper Shale 

I 
Lower ~ II) 

II) I-< QJ c: 
Supai 

p.. 

Aubry ::I Lower <II I-< c: ::I 
0 p.. .0 Supai QJ Supai 0 

Esplanade 5s. ~ p.. 
Aubrey ~ Po< Formation ~ 

QJ ::J 0 
~ II) ,- Carboniferous ..... Aubrey ::I Supai ~ 

Ie 

c: Sandstone 0 QJ 
0 I-< Formation Formation ~ Supai 

Wescogame Fm~ Sandstone .0 Sandstone QJ .0 
I-< ~ ::I 

to III and • .-1 Lower < 
"~ u c: Formation Format ion e 0 ~ 
ru .0 QJ 

> Manakacha Fm. II) Shale I-< Supai 3 
::I III 0 

>, 0 U -J 
<Il I-< e QJ Format ion e ..... 
OJ Watahomigi Fm. ".-I C Cl... c: 

Red Red 0 Redwall c: Redwall - - - - - - -- - - - -- I-- -- ------- - ----.0 QJ ----------
Surprise Canyon 

~ Red p.. 
III 

Wall Wall u Limestone "0 Limestone R£'dwa 11 Rf'dwall Redwall . Fm. c: 
I-< Wall III 

VI QJ 

Limestone2 <Il Carbon if erous Limestone ~ m Limestone Limestone "r- 0 
:::E Redwa 11 Ls. .....l Limestone III 

~ 
..... 

Limestone ):: 

• .-1 
Temple Butte Temple Butte c: Temple ButtE > > Templ e Butte Ls. 0 Upper Devonian Limestone OJ :> QJ Limestone 

Cl 
~ 

Limestone 0 
p.. 

Tonto ::I 
unassigned 0 Marbled Marbled Muav I-< 

c:: Upper 0 
c:: III Calcareous III Tonto ~ ..... c: 0 Limestone Limestone Limestone ..... QJI-< III '-J 

Muav Ls. I-< p...o ..... Tonto c:: 
.0 

~ and I-< 0 
c: m .0 E-< 
to m 

c:: 
u Formation c: III 

~ Arenaceous u III Shales and ..... Tonto Bright Angel 
Bright Angel Sh. I-< • .-1 I-< 

E QJ c: Shales ~ Sandstones .0 Shale Shale 

I 
~ 

p.. QJIII .0 e 
p.. ....... .-1 m III 

::J "01-< Tonto u Tonto Tapeats 
"0.0 Lower u 

Tapeats 5s. ;jm Sandstone Sandstone Sandstone Sandstone 
u Tonto 
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Appendix B (continued) 

----------_._._- ._- -- ------_._------- --.- ---- ---- -- - - - -- - - - -- - - - - - - - - - - --- - -- -- - - - - -

Formation NOBLE WHITE McKEE SCHENK & WHEELER GUTSCHICK HOWELL et a I. HOWELL et a I. McKEE (., KESSEK 
(1928) (1929) (I938) (1942) (194'3 ) ( 194 /1) (1944 ) (194') 

West. G.C. East. G.C. 
-- -- r---- ----==-~-- ,---. =====-=~.: f-

Kaibab Fm. A Kaibab 
B 

Kaibab Limestone3 

C Toroweap Toroweap Fm. D Limestone Formation3 
E 

c: 
Coconino 55. tU 

E 
~ 
Q) 

0... Hermit 5h. Hermit 
Shale 

Esplanade 5s. I Esplanade 
Sandstone 

~ Wescogame Fm. Supai Supai 
c: 
tU 
> Manakacha Fm. 
» Formation Formation 
VI 
c: 
c: 
Q) Watahomigi Fm. 0... 

5urpri se Canyon IV I 

. Fm. III 
Redwall 

VI 
VI II Limestone i: Redwall Ls. I 

~ Temple Butte Ls. Jerome 
Devonian Carboniferous 

Cl Formation 

unnamed dolomites undifferentiated unassigned Mead Formation and limestones Muav dolomites 

Muav Ls. Peasley Ls. Mead Ls. Limestone Muav 
4 

c: Limestone 
tU Lyndon Sh. - - - - - - - -Peasley Ls. 
~ Bright Angel 5h. Bright Angel Bright Angel 
E Pioche Sh. Pioche Sh. Shale ShaleS 
~ 

Tapeats 5s. Tapeats Prospect Mountain Wood Canyon Tapeats 
Sandstone Qtzt. Formation Sandstone 

, 

• • • 
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........-- _________ :-_ - ------- - ---r--- -. -. - -- - -- - - - - -

Forma t ion 

Kaibab Fm. 

Toroweap Fm. 

~Icoconino Ss. 
E 1'-1---
Q) 

Cl... Hermit Sh. 

Esplanade Ss. 

~ JWescogame Fm. 
c ~I-I---
to 

.:: Manakacha Fm. 
>, 

~ il 
c 
~ Watahomigi Fm. 

Surprise Canyon 
Fm. 

~ 'Redwa 11 Ls. 

~ ITemple Butte Ls. 
o 

unassigned 

Muav Ls. 
C 
to I---------t 

s.... 
~ Bright Angel Sh. 
, to 

IU II 

Tapeats Ss. 

Rodgers Springs 
Limestone 

Martin 
Limestone 

[Note 6] 

EASTON & 
GUTSCHICK 

( 1953) 

Jerome 
Formation 

WOOD 
(1956, 1966) 

carbonaceous 
rocks and 
siltstone 

Supra-Muav 
sequence 

Muav 
Limestone 

Bright Angel 
Shale 

Tapeats 
Sandstone 

SORAUF 
(1962) 

Toroweap 
Formation 9 

Redwall 1 
Limestone 0 

!~! ~SE1.I. 

(!%9) 

Toroweap 
Formation 

Coconino 
Sandstone 

Hermit 
Shale 

I' 
~splan-

, ade 
'Ss. 

Quean\..., 
toweap Fm 

Supai 

--------\. 
Pakoon 

Fm. 

Callville 
Ls. 

Fm. 

Chesterian 

Redwall 
Limestone 

• 
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McKEE 
( I 9 r), I qH 2) 

Hermit 
Shale 

Esplanade 
Sandstone 

Cl. 
::l Wescogame 0 
.... 
L' Formation 

Manakacha 
..-t 

Formation !11 

al Watahomigi 
Formation 
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Notes to Appendix B 

Numbered Footnotes 

1. Reeside and Bassler (1922) subdivided the Kaibab limestone into (descending): Harrisburg gypsiferous member, massive 
limestone member, upper slope member, gray massive limestone member, and lower soft slope member. 

2. Noble (1922) recognized three subdivisions in the Redwall Limestone. 

3. McKee (1938) divided the Kaibab and Toroweap Formations each into three members (descending): alpha, beta, and gamma. 

4. McKee and Resser (1945) subdivided the Muav Limestone into ten formal members (see Appendix A). 

5. McKee and Resser (1945) subdivided the Bright Angel Shale into five units, including two formal members (see Appendix A). 

6. McNair (1951) adopted Cambrian stratigraphic nomenclature for the western Grand Canyon from Schenk and Wheeler (1942), 
and from McKee and Resser (1945) for the eastern Grand Canyon. 

7. Easton and Gutschick (1953) subdivided the Redwall Limestone into four informal units. 

8. Sorauf (1962) subdivided the Kaibab Formation into two name-bearing units (descending): Harrisburg member (of Reeside and 
Bassler, 1922) and the Fossil Mountain member. They are informal, but have been adopted generally by those who work in 
the Grand Canyon region. These units will be formalized in 1989 by Sorauf and Billingsley (Sorauf, written communication). 

9. Sorauf (1962) subidivided the Toroweap Formation into three name-bearing units (descending): Woods Ranch, Brady Canyon, 
and Seligman members. They are informal, but have been adopted generally by those who work in the Grand Canyon region. 
These units will be formalized in 1989 by Sorauf and Billingsley (Sorauf, written communication). 

10. McKee (1963) subdivided the Redwall Limestone into four formal members (see Appendix A). 

(notes are continued) 
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Additional Notes 

A. The Moenkopi Formation was originally spelled Moencopie; revised by Gregory (1917). 

B. Aubrey group: The "Aubrey group" was defined by Gilbert (1875) and was formally subdivided into the Kaibab limestone, 
Coconino sandstone, and Supai formation by Darton (1910). The upper "Redwalilimestone" of the Aubrey group was assigned 
to the Supai formation by Noble (1922). 

C. Supai Group: The Supai formation of Darton (1910) included what now are the Hermit Shale, Esplanade Sandstone, Wescogame 
Formation, and Manakacha Formation (part). The Supai formation was redefined by Noble (1922) when he named the Hermit 
Shale. The Supai formation was elevated to the rank of stratigraphic Group by McKee (1975); he raised the Esplanade 
Sandstone member (White, 1929) to formational rank and named the Wescogame, Manakacha, and Watahomigi Formations. 

D. Redwal Umestone: The Redwall was originally named as the Red Wall limestone group by Gilbert (1875) and included what 
now are the Manakacha Formation (part), Watahomigi Formation, and the Redwall Limestone. The group was redefined by 
Noble (1922) when he restricted the Redwall to its present stratigraphic range (but which also included the Surprise Canyon 
Formation) . 
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APPENDIX C 
I I ------.- ------

POWELL 
(1875) 

POWELL 
(1876) 

WALCOTT 
(1883) 

WALCOTT 
(1886) 

WALCOTT 
( 1890) 

FRECH 
(1891) 

WALCOTT 
(1894 ) 

WALCOTT 
(1895) 

DARTON 
(1910) 
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(1910) 

NORLE 
( 1914) 
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Notes to Appendix C 

Numbered Footnotes 

1. Ford and Breed (1972, 1973) subdivided the Kwagunt Formation into three formal members (see Appendix A). 

2. Ford and Breed (1972, 1973) subdivided the Galeros Formation into four formal members (see Appendix A). 

3. Stevenson and Beus (1982) subdivided the Dox Sandstone into four formal members (see Appendix A). 

Additional Notes 

A. Grand Canyon Supergroup: The Grand Canyon group (Grand Canyon series) was named by Powell (1876); it included the 
entire Precambrian complex. Walcott (1883) revised the Precambrian nomenclature, naming the Precambrian sedimentary units 
the Chuar and Grand Canyon groups. Walcott attributed the name of the Chuar group to J. W. Powell, but Powell never used 
the name in any of his publications, so Walcott is properly the author of that unit. Elston et al. (1973) and Beus et al. (1974) 
informally raised the Grand Canyon series to "Supergroup" rank; Elston and Scott (1976) formalized the procedure. 

B. Sixtymile Formation: Ford and Breed (1972, 1973) erected the "Sixty Mile Formation," placing it within the Chuar Group. The 
name was revised to "Sixtymile Formation" by Elston (1979) to conform with the map spelling of Sixtymile Canyon (Vishnu 
Temple quadrangle). The formation was removed from the Chuar Group by Elston and McKee (1982). 

C. Nankoweap Formation: Van Gundy (1934) first named the "Nankoweap Group" and formalized the unit in 1951; it included the 
top unit of Walcott's (1894) Unkar division and the basal unit of Walcott's (1883, 1894) Chuar division. It was redefined as the 
Nankoweap Formation of the Unkar Group by Maxson (1961b). Elston and Scott (1973) segregated the Nankoweap as a 
separate formation between the Unkar and Chuar Groups. 

D. Cardenas Basalt: The Cardenas Basalt was originally named the Cardenasan Series by Keyes (1938). It was redefined and 
correlated by Maxson (1961 b) to include intrusive diabases which together he called the Rama formation. The "Cardenas 
Lavas" were regarded as a separate formation and restored by Ford et al. (1972). Elston (1988c, 1989) has redesignated this 
unit the Cardenas Basalt since the term "lavas" pertains to the rock in the molten erupted form, whereas the rock form is basalt. 

E. Dox Sandstone: Noble's (1914) Dox Sandstone was redesignated the Dox Formation and subdivided into four stratigraphic 
members by Stevenson and Beus (1982). Elston (1989) reverts to the original lithologic description "Dox Sandstone." 
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APPENDIX D 

DEVELOPMENT OF STRATIGRAPHIC NOMENCLATURE OF THE 
EARLY PROTEROZOIC VISHNU GROUP 

Reference 

Newberry (1861) 

Powell (1875) 

Gilbert (1875) 

Powell (1876) 

WalcoH (1883) 

WalcoH (1886) 

WalcoH (1890) 

Frech (1893, 1895) 

WalcoH (1894, 1895) 

Darton (1910) 

Noble (1910) 

Ransome (1917) 

Schuchert (1918b) 

Noble (1922) 

Wilmarth (1932) 

Campbell & Maxson (1936) 

Hinds (1936) 

Van Gundy (1951) 

Maxson (1961, 1967, 1969) 

Babcock et al. (1974) 

Huntoon et al. (1976) 

Babcock et al. (1979) 

Brown et al. (1979) 

Clark (1979) 

Nomenclature (items in parentheses indicate partial 
nomenclature naming subsidiary rock units within the 
Vishnu Group) 

Granite 

Granite, dikes, eruptive beds 

Granites, gneisses 

Grand Canon schists 

Archean 

Pre-Cambrian 

Vishnu quartzite and schists 

Gneiss, intrusives 

Vishnu terrane 

Vishnu; granite, schist, etc. 

Vishnu 

Schist and granite 

Vishnu gneiss 

Granite, gneiss, schist 

Vishnu schist 

(Zoroaster granite) 

Vishnu schists 

Archean complex 

Zoroaster granite, Brahma schist, Vishnu schist 

Vishnu Group, Zoroaster gneiss, Trinity Creek-Elves 
Chasm gneisses, plutons, dikes, sills 

Vishnu Group, Zoroaster plutonic complex, Trinity and 
Elves Chasm gneisses 

Vishnu metamorphic complex, Trinity gneiss complex, 
Elves Chasm gneiss complex, Zoroaster complex 

(Trinity gneiss complex, Elves chasm gneiss complex, 
Zoroaster plutonic complex) 

(Granite Park mafic complex) 
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Features Mentioned in Text listed by River "i leage 

This list contains only those features noted in the present volume. Features of interest mentioned in 
the 28th IGC Colorado River log by Billingsley and Elston (1989), inserted at the beginning of most sections 
of this volume, are included in this list. 

Lees Ferry 
Lees Ferry 
0.1 
0.5 
0.8 
0.8 
2.1 
3.4 
4.5 
4.5 
7.2 
7.7 
8.5 
10.0 
11.4 
13.2 
14.8 
14.8 
16.9 
17.0 
17.5 
18.0? 
18.3 
18.5 
18.5 
18.8 
20.2 
21.8 
23.0 
23.1 
23.3 
24.3 
24.5 
24.5 
25.0 
26.4 
26.7 
26.8 
30.3 
30.5 
31.7 
31.9 
32.8 
33.0 
34.1 
34.8 
35.1 
35.3 
35.7 
35.9 
37.8 
39.3 
39.8 
40.5 
43.3 
43.7 
44.4 
46.6 
46.9 
48.0 

Colorado River sedimentary feature 
Chinle Formation exposed 
first appearance of Moenkopi Formation 
Echo Cliffs monocline 
Colorado River sedimentary feature 
first appearance of Kaibab Formation 
first appearance of Toroweap Formation 
graben 
Coconino Sandstone cross-beds 
first appearance of Coconino Sandstone 
rockfall 
Colorado River sedimentary feature 
first appearance of Hermit Shale 
landslide 
first appearance of Esplanade Sandstone 
Esplanade Sandstone cross-beds 
Esplanade Sandstone cross-beds 
burrows and reptilian footprints in Esplanade Sandstone 
House Rock Rapids 
first appearance of Wescogame Formation 
breccia pipe or paleokarst 
first appearance of Manakacha Formation (contact indistinct) 
breccia pipe or paleokarst 
historic river flood deposits 
rockfall 
breccia pipe or paleokarst 
first appearance of Watahomigi Formation 
mud cracks in fallen block of Watahomigi Formation 
first appearance of Redwall Limestone 
breccia pipe or paleokarst 
first appearance of Surprise Canyon Formation 
breccia pipe or paleokarst 
24.5-Mile Rapids 
repeat appearance of Surprise Canyon Formation 
breccia pipe or paleokarst 
breccia pipe or paleokarst 
breccia pipe or paleokarst 
rockfa 11 
spring 
spring 
Stanton's Cave 
Vasey's Paradise 
Marble Canyon test adits 
Redwall Cavern 
spring 
Naut il oi d Canyon 
first appearance of unclassified Cambrian dolostones 
first appearance of Muav Limestone 
36-Mile joint system 
breccia pipe or paleokarst 
Temple Butte Limestone noted 
Marble Canyon test adits 
36-Mile joint system 
36-Mile joint system 
Emminence Break graben 
Emminence Break graben 
rockfa 11 
Triple Alcoves 
first appearance of Bright Angel Shale (gradational contact) 
spring 

• 

• 

• 



• 

• 

• 

49.7 
51. 0 
52.1 
56.3 
58.2 
61.0 
61.3 
61. 5 
63.0 
63. 
63.0 
64.5 
65.4 
65.4 
67.0 
68.5 
68.5 
69.0 
69.4 
70. 
70. 
70.7 
72.4 
74.8 
76.2 
76.7 
77 .0 
76.8 
77 .5 
78. 
80. 
81.1 
83.9 
84.7 
86.1 
87.2 
87.5 
87.7 
87.9 
87.9 
88.0 
88.2 
88.3 
88.9 
89.1 
89.8 
90.2 
91.3 
92.5 
93.4 
93.5 
94.0 
95.0 
95.0 
95.3 
96.2-96.5 
97.7-98.0 
98.0 
98.1 
98.2 
98.7-99.1 
99.0 
102.8 
102.9 
107.8 
108.5 
108.6 
114.4 

Geological Studies in the Grand Canyon 

Emminence Break fault 
spring 
Colorado River sedimentary feature 
travertine 
first appearance of Tapeats Sandstone (gradational contact) 
salt spring 
travertine 
Little Colorado River confluence 
sa lt spri ng 
vicinity of Carbon Butte landslide 
Great Unconformity/Dox Formation 
thrust fault in Dox Sandstone 
Palisades fault and monocline 
copper prospects 
Great Unconformity/Cardenas Basalt 
first appearance of Cardenas Basalt 
Butte fault 
Basalt Canyon fault 
Colorado River sedimentary feature 
vicinity of axis of East Kaibab monocline 
nearest to Ochoa Point, vicinity of Proterozoic lava vents 
Colorado River sedimentary feature 
Colorado River sedimentary feature 
first appearance of Shinumo Quartzite 
first appearance of Hakatai Shale 
Red Canyon/Hance Rapids 
first appearance of Bass Limestone 
Hance Rapids 
Hotauta Conglomerate Member of Bass Limestone/Vishnu Schist 
vicinity of John Hance's asbestos mine 
Grandview Mine on Horshoe Mesa nearest this point 
Vishnu fault 
Lonetree Canyon 
Vishnu Schist/Zoroaster Pluton contact 
Vishnu Schist/Zoroaster Pluton contact 
Colorado River sedimentary feature 
Cremation fault (associated with Grandview monocline) 
Bright Angel Canyon 
Bright Angel or Silver Bridge 
Bright Angel Rapids 
Ti poff fault 
Bright Angel fault 
Bright Angel fault 
Bright Angel Trail (Pipe Creek) 
Vishnu Schist/Zoroaster Pluton contact 
Vishnu Schist/Zoroaster Pluton contact 
Horn Creek Rapids 
Vishnu Schist/Trinity Gneiss contact 
Vishnu Schist/Trinity Gneiss contact 
Granite Rapi ds 
Monument Creek 
sillimanite and staurolite studied by Campbell (1936) 
Hermit Creek 
Hermit Rapids 
travertine 
granitic pluton 
Zoroaster Pluton 
Slate Creek fault 
Crystal Rapids 
Crystal Creek 
granitic pluton 
fault associated with Crazy Jug monocline 
Vishnu Schist/Zoroaster Pluton 
Tapeats Sea island 
Bass Rapids 
Shinumo Creek; near W. W. Bass's mines 
Tapeats Sea island 
travertine 
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114.5 
115.5 
115.6 
116.5 
116.6 
118.8 
120.2 
121.5 
122.0 
123.2 
123.2 
124.2 
126.6 
127.4 
130.4 
130.6 
131. 7 
133.6 
134.6 
135.0 
135.0 
135.0 
135. 
135.2 
136.5 
137.7 
137.9 
138.0 
138.0 
138.7 
138.8 
140.4 
142.-202. 
143.5 
147.5 
147.8 
148.0 
151. 0 
155.4 
156.6 
156.8 
159.1 
168.0 
168.0 
171. 2 
173.2 
175.0 
175.4 
176.5 
177.-187. 
177 .0 
177 .2 
178.0 
178.2 
178.8 
179.0 
179.0 
179.0 
179.3 
179.4 
179.5 
179.8 
181.3 
184.8 
187.7 
189.5 
189.6 
190.0 

Garnet Canyon 
Monument faul t 

Spa mer 

Tapeats Sandstone/Vishnu Schist contact 
Royal Arch Creek 
travertine 
first Tapeats Sandstone/Vishnu Schist contact 
Tapeats Sandstone/Vishnu Schist contact 
Colorado River sedimentary feature 
Colorado River sedimentary feature 
Butchart fault 
Bright Angel Sh./Tapeats Ss. (gradational contact) 
travertine 
Tapeats Sandstone/Vishnu Schist contact 
salt spring 
bedrock rapids 
Bass limestone/Vishnu Schist contact 
Deubendorff Rapids 
spring 
Bass limestone 
Colorado River sedimentary feature 
travertine 
Surprise Valley landslide 
Surprise Valley 
narrowest point of river (76 ft; 23 m) 
Deer Creek 
Tapeats Sandstone/Bass limestone contact 
spring 
last outcrop of Grand Canyon Supergroup 
Tapeats Sea island 
Sinyala fault 
Stone Creek 
Tapeats Sandstone 
river anticlines 
Kanab Creek 
travertine 
spring 
Matkatamiba syncline 
travertine 
spring 
Supai monocline 
Havasu Canyon 
Pleistocene dikes and cinder cones 
Surprise Canyon Formation noted (high up) 
Fern Glen 
Mohawk-Stairway fault 
travertine 
landslide 
travertine 
travertine 
lava flows at Toroweap 
basalt flow remnant; source unknown 
basalt flow 
Vulcan's Forge 
basalt flow 
Tapeats Sandstone 
Toroweap fault 
Colorado River sedimentary feature 
basalt flow (lava Falls) 
lava Falls Rapids 
Prospect Wash 
travertine 
dated tuff in Muav limestone 
spring 
lava Falls cascade 
lava-filled canyon 
Tapeats Sandstone/Vishnu Schist contact 
landslide 
Tapeats Sandstone/granite contact 

• 

• 

• 
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190.7 
192.5 
194.5 
196.3 
196.7 
198.0 
205.5 
205.7 
205.7 
205.8 
207.6 
209.0 
209.5 
212.0 
213. 
215.0 
215.8 
223.5-227.0 
225.3 
227.0-230.0 
229.2 
230.0-230.9 
230.5 
232.3-236.7 
236.0 
236.7-237.0 
237.5 
238.5-240.0 
239.6 
239.6 
242.3-243.2 
246.0 
246.1 
246.1-261. 0 
249.0 
252.2-255.4 
254.2 
259.0 
259.5 
259.5 
266.3 
266.5 
266.5 
267.6 
272.9 
274.0 
274.2 
274.3 
274.9 
275.5 
277 . 
277.6 
278.0-278.5 
285. 
285. 
285. 
291. 
300. 
301. 
307. 
312 . 

Geological Studies in the Grand Canyon 

first appearance of Hurricane fault zone 
Colorado River sedimentary feature 
undocumented lava dam reported by Maxson (1949) 
Lone Mountain monocline 
Colorado River sedimentary feature 
Parashant graben 
landslide 
dated tuff in Muav Limestone 
Ollenelus zone in Tapeats Sandstone 
landslide 
Tapeats Sandstone/Vishnu Schist contact 
Bright Angel Shale/Vishnu Schist contact 
landslide 
Tapeats Sea island 
travertine 
Zoroaster Pluton 
Zoroaster Pluton 
Diamond Creek Pluton 
basalt flow 
229-Mile Gneiss 
travertine 
Travertine Falls Pluton 
Travertine Falls 
longest exposure of migmatite 
begin Lake Mead 
237-Mile Pluton 
Bridge Canyon dam site 
Separation granite pluton 
Separation Canyon 
Separation Canyon Rapids (now flooded by Lake Mead) 
Spencer granitic pluton 
basalt flow 
last exposure of Vishnu Schist 
Surprise-Quartermaster Pluton 
basalt flow 
Meriwitica fault 
basalt flow 
travertine 
travertine 
spring 
Bat Cave 
reactivated landslide 
landslide 
travertine 
spring 
spring 
travertine 
Co 1 umbi ne Fa 11 s 
Rampart Cave 
Rampart Cave fault 
Grand Wash Cliffs 
Muddy Creek Formation 
Grand Wash fault 
Grand Wash basin 
Wheeler fault 
Muddy Creek Formation 
Muddy Creek Formation 
Muddy Creek Formation 
Muddy Creek Formation 
Muddy Creek Formation 
Muddy Creek Formation 
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