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1. Fishtail Mesa
2. Tapeats Amphitheater
3. Fossil Bay

4. Powell Plateau

5. King Arthur Castle
6. Topocoba Hilltop

7. Explorers Monument
8. Havasupai Point

topographic basemaps for this map.
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QUATERNARY PERIOD

Surprise Valley Landslide Complex

— Aubrey Group —

— Supai Group —

PALEOZOIC ERA

+—— Tonto Group ——

DESCRIPTION OF MAP UNITS

UNKAR GROUP OF GRAND CANYON SUPERGROUP
thicknesses from Noble (1922)

QUATERNARY SURFICIAL DEPOSITS

Alluvium and eolian deposits (Holocene to Pleistocene): clay, silt, fine- to coarse-grained sand, and
gravel deposited by alluvial processes in the Colorado River corridor and sidestream tributaries.

Colluvium and talus (Holocene to Pleistocene): abundant small to large angular blocks of local country
] rock mixed with silt, sand, and gravel distributed on hillslopes due to rock fall and down-slope gravity-
driven creep of bedrock.

m Travertine deposits (Holocene to Pleistocene): freshwater limestone associated with active and
nonactive springs, formed by CO, degassing and chemical precipitation of calcium carbonate. Elves
Chasm cliffs have travertine up to 10s-m-thick draped on bedrock that cements Colorado River gravels up
to 1-2 million years old (Crow et al., 2014).

Older terrace gravels of Colorado River (early to middle Pleistocene): ancestral Colorado River
— —— gravels preserved as terrace remnants above modern river level, contain far-traveled clasts (e.g., quartzites
and volcanic rocks) and higher degree of rounding than sidestream gravels. At Elves Chasm, these extend
195 m above the river and range in age from 677 to 1,877 ka (Crow et al., 2014). In Surprise Valley area,
gravels that underlie landslides constrain timing of formation of landslide elements; those that overlie
landslides indicate height of overtopping of landslide dams (Robertson et al., 2021).

Qls | Landslide deposits undivided (Holocene to Pleistocene): mass movement deposits consisting of
unconsolidated to partially consolidated angular unsorted rock debris resulting from discrete mass failures
of various types ranging from rock topples to slides.

V/.’;YQ Paludal facies in the Surprise Valley Landslide Complex (Pleistocene): sediments deposited in a
[ OR/ . . .
wetland, swamp, or bog environment in a headscarp basin.

Surprise Valley Landslide Complex Paleozoic strata: Toreva blocks of identifiable, displaced Paleozoic
strata.

QIsPu] Qls[Pu: Wescogame, Manakacha, and Watahomigi members of the Supai Group undifferentiated.
QIsMr: Redwall Limestone.

QIsDtb: Temple Butte Formation.

Qls€m: Muav Formation.

Qls€rs: Rampart Cave and Sanup Plateau members of the Muav Formation.

Qlis€t] Qls€t: Tapeats Sandstone.

QlsSVv8 Backeddy landslide (~0.17 Ma): was a subsequent slide from SV4 and SV7 that filled the Colorado
River paleochannel and pushed the river farther to the south.

QIsSV7 Patio landslide (~0.40 Ma): was a subsequent slide from SV4 that re-routed Deer Creek #2 (DC2) to its
present position (Deer Creek #3; DC3) to form Deer Creek Falls and the narrows. The landslide is visible
at “the Patio” above Deer Creek Falls.

QIsSV6 133-Mile landslide (~0.61-0.71 Ma): was a subsequent slide caused by a landslide lake formed from SV3
and/or SV4 that undermined southside bedrock and slid on the Bass Formation ash.

QIsSV5 Tapeats landslide (~0.53 Ma): involved slabs of Rampart Cave dolostone that slid down into Tapeats
Creek.

QIsSV4 Ponchos run-up (~0.61 Ma): slabs of Rampart Cave dolostone and Redwall Limestone detached from
above the Patio landslide on the north side and were thrust up the south side of the river.

QIsSV3 Piano landslide (<0.674 Ma): can be seen on “Piano” hike at RM 135.6R. Qtg gravels beneath the
landslide rest on a strath 93 m above the modern bedrock strath. The youngest detrital sanidine from this
gravel gives an age of 0.674 + 0.022 Ma yielding an incision rate of >138 m/My.

QlsSV2 Cogswell West landslide ( ~0.82—-0.96 Ma): was a secondary slide from SV1 that pushed initial Deer
Creek location (Deer Creek #1; DC1, near River Mile (RM) 136.5) to near RM 137.1 (DC2).

QIsSV1 Surprise Valley initial landslide (~2.09 Ma): Toreva blocks filled an ancestral path of the Colorado River
through Surprise Valley ~2.09 Ma based on 289-m height of the base of this landslide above the modern
bedrock strath and applying an inferred steady incision rate of 138 m/My derived from SV3. This same
method is applied to estimate age of the rest of the landslides (Robertson et al., 2021).

PALEOZOIC SEDIMENTARY STRATA
average thicknesses from Beus and Billingsley (1989) for ~RM 140; ages from Karlstrom and Crossey

(2019) and Karlstrom et al. (2021)

Kaibab Formation (Lower Permian, ~267-273 Ma): 163-m thick, forms the cliffs at the rim of the
Grand Canyon. Limestone and siltstone deposited in shallow sea.

Toroweap Formation (Lower Permian, ~273-278 Ma): 127-m thick, slope-forming gypsiferous
R . : : o ;

siltstone, silty sandstone, and thin-bedded limestone; deposited in evaporative mudflats of

Kaibab seaway.

Coconino Sandstone (Lower Permian, ~280 Ma): 46-m thick, white, fine-grained, well-sorted, cross-
bedded quartz sandstone with large-scale cross-bedding and fossil reptile tracks, cliff former; deposited in
coastal dunes adjacent to Kaibab seaway.

Hermit Formation (Lower Permian, ~290-284 Ma): 177 m thick, red, slope-forming, fine-grained,
thin-bedded siltstone and sandstone; deposited in mudflats.

Esplanade Sandstone (Lower Permian, ~294-290 Ma): 107-m thick; light-red and pinkish-gray,
cliff-forming, fine- to medium-grained, well-sorted, calcareous sandstone, mostly of eolian origin; forms
Esplanade platform in map area.

Wescogame and Manakacha Formations (Pennsylvanian, ~299-317 Ma): 101-m thick; sandstone,
calcareous sandstone, dark-red siltstone, and gray limestone.

Watahomigi Formation (Pennsylvanian, ~318-323 Ma): 61-m thick, gray and purplish-red, slope-
forming limestone, siltstone, mudstoEnd conglomerate.

Msc  Surprise Canyon Formation (Mississippian, ~324-226 Ma): 0—18-m thick, siltstone, sandstone,
limestone, dolomite, and chert conglomerate; present in paleovalleys and karst caves eroded into top of
Redwall Limestone (Mr).

Redwall Limestone (Mississippian, ~333-348 Ma): 183-m thick, cliff-forming gray fossiliferous
limestone, stained red by iron oxide coating from overlying Supai Group; deposited in a regional seaway;
karsted at top.

Temple Butte Formation (Devonian, ~375-385 Ma): 61-m thick, dark-gray fine-grained dolostone
distinguished from underlying Cambrian carbonates by thick basal dark gray layer.

Disconformity; ~110—160 million years “missing” (not recorded) due to
erosion of uppermost Cambrian, Ordovician, Silurian, and Early Devonian
strata.

Frenchman Mountain Formation (Cambrian, ~497-501 Ma): 61-m thick, several-m-scale layering of
gray dolostone give ky appearance in carbonate cliffs often continuous with units above and below.

MuaErmation (Cambrian, ~501-503 Ma): 142-m thick, thin-bedded mottled, fossiliferous, silty
limestone and dolostone with several slope-forming shales.

Bri gel Formation (Cambrian, ~503—-505 Ma): 113-m thick, slope-forming green and purple-red
silts nd shale. Red lines are rusty brown dolostone tongues of Bright Angel Formation that correlate
with Rampart Cave and Sanup Plateau Members of Muav Formation to the west.

Tapeats Sandstone (Cambrian, ~505-506.4 Ma): 66-m thick, brown cliff-forming sandstone and
conglomerate with upper slope-forming transition beds.

R R I NS N R Sub-Tonto Group Great Angular Unconformity: contact where ~0.5 Ma Tonto
Group was deposited across 1,840—1,375 Ma basement plus tilted 1,250-750 Ma
Grand Canyon Supergroup with variable time missing (not recorded) due to erosion of
underlying units.
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Diabase sills and dikes (Mesoproterozoic, 1,098 Ma): black, medium- to coarse-grained intrusive
diabase; granophyric segregation yields U-Pb date of 1,098.2 + 0.6 Ma (Mohr et al., 2024). Unit has
distinctive diabasic texture with interlocking, lath-shaped plagioclase feldspar crystals within anhedral
olivine and pyroxene crystals. Sills are up to 200-m thick near Bass Rapids, intrusive contacts caused
contact metamorphism (hornfels) of Unkar Group sedimentary rocks.

-] Shinum
silica-ce
energy shoreface environment (Timmons et al., 2012) with far-traveled sediment from Texas Grenville
thrust sheets (Mulder et al., 2017).

e~ Sub-Bass Great Nonconformity: contact recording the erosion of the Vishnu

VISHNU BASEMENT ROCKS

ﬁ Granite, granitic pegmatite, and aplite (Paleoproterozoic, 1,625-1,697 Ma): network of tabular
granitic dikes emplaced along S1 and cross cutting S1, variably deformed by D2 folds indicating syn-D2
emplacement. Garnet dike swarm: 1,697 = 1 Ma at RM 111.8 (Hawkins et al., 1996) and 1,670 + 27 Ma at
RM 114.9. Specter Dike swarm: 1,625 + 8§ Ma at RM 131. Deer Creek granite: 1,646 &= 17 (Boryszewski
et al., 2026).

Xgd Ruby granodiorite (Paleoproterozoic, 1,716 Ma): gabbro-diorite-granodiorite pluton exposed from
RM 103-108.5, U-Pb date at RM 104.3 is 1,716 = 0.5 Ma (Hawkins et al., 1996); has local mingling
and mixing relationships between co-magmatic mafic to intermediate melts and local primary sheet-like
cumulate layering; interpreted to have formed in magmatic arc batholith, variably deformed by D2.

Xum Ultramafic rocks (Paleoproterozoic): variably serpentinized periodite (ultramafic) bodies preserved as
%  boudinaged tectonic slivers within Vishnu Schist near mouth of Walthenberg Canyon; interpreted to be
magmatic arc cumulates (Seaman et al., 2021).

of pr

Brahma Schist (Paleoproterozoic, ~1,750 Ma): amphibolite, hornblende-biotite-plagioclase schist,
biotite-plagioclase schist, schist, and gneiss interpreted to be metabasalts of submarine origin based on
primary volcanic features (Xbcpb) such as relic pillow structures, hyaloclastic breccia, amygdules, and
interbedded chert (RM 120.2R). Less foliated and coarser-grained amphibolites may have been mafic
dikes. Unit yielded a U-Pb zircon date of 1,750 + 2 Ma in eastern Grand Canyon (Hawkins et al., 1996).

Elves shear zone (Paleoproterozoic): ~100-m-wide contact zone of the Elves Chasm Gneiss with
tectonic inﬁving of Granite Gorge Metamorphic Suite orthoamphibole-bearing gneiss, sillimanite-
kyanite gn
melting. Kinematic indicators show thrust-sense, top-to-south movement, interpreted as D1 shear zone
that has been folded by a regional F2 fold.

Elves C

dated as

be mingled mafic magmas and/or tectonic slivers of Brahma Schist. The margins of the pluton are the
ﬁ D1 Xesz; interior is variably deformed and includes L-tectonites, L/S tectonites, and weakly deformed
plutonic rock.
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| Dox Formation (Mesoproterozoic, 1,100-1,130 Ma): up to 700-m thick in map area, top not exposed.

~ Rusty red-brown fine- to medium-grained sandstone and interbedded slope-forming shale and mudstone;
interpreted to have formed in fluvial and deltaic environments (Timmons et al., 2012). Contact with the
underlying Shinumo Sandstone is gradational and located at lowest shaley slope of Dox Formation.

:Edstone (Mesoproterozoic, 1,140—1,170 Ma): 477-m thick, white to purple cliff-forming

Hakataale (Mesoproterozoic, 1,230—1,250 Ma): 177-m thick, purple and red mud-cracked and
ripple-marked siltstone, sandstone, and minor conglomerate. Middle slope unit is distinctive orange
mudstone and sandstone. lower contact gradational with Yb. Interpreted to have been deposited in a

marginal marine-tidal flat environment (Timmons et al., 2012).

Bass Formation (Mesoproterozoic, 1,250-1,255 Ma): 100-m thick, purple ledge-forming dolostone, silty
sandstone, and conglomerate. White dolostone with ash beds shown by white line. Hotauta Conglomerate
Member at the base of the Bass Formation is several meters thick in map area and consists of well-
rounded to subangular clasts of granite, gneiss, and schist derived from underlying Early Proterozoic
igneous and metamorphic rocks. Ash bed in eastern Grand Canyon yielded a U-Pb age of 1,255 Ma
(Timmons et al., 2005).

e felsic to intermediate metavolcanic origin, dated in eastern Grand Canyon as 1,741 = 1 Ma
(Hawkins et al., 1996) and in western Grand Canyon as 1,735.5 Ma = 0.85 Ma (Bailey et al., 2026);
interleaved with Brahma and Vishnu schists.

Ramgist (Paleoproterozoic, ~1,740 Ma): massive, fine-grained, quartzofeldspathic schist and gneiss

Vishnu Schist (Paleoproterozoic, ~1,750 Ma): quartz-mica and pelitic schist interpreted as
metamorphosed lithic-arenites (meta-graywackes); contains calc-silicate lenses and shows common
evidence for graded bedding interpreted to be Bouma sequences from submarine turbidity flows.
Depositional age ~1,750 Ma based on youngest detrital zircon dates and interlayering with Brahma and
Rama metavolcanic rocks. Detrital zircon populations have bimodal distribution with major modes at
~2,400 and ~1,800 Ma (Shufeldt et al., 2010; Holland et al., 2018).

E- Gneiss (Paleoproterozoic, 1,840 Ma): orthogneiss of granodiorite to tonalite composition

Contacts: dashed where approximate;
dotted where inferred beneath younger

Dip and strike of bedding
Dip and strike of overturned bedding

Younging direction from graded

Dip and strike of S1 foliation and L1
stretching lineation (dominant foliation)

Dip and strike of S2 foliation and L2
stretching lineation; main foliation in

Dip and strike of S3 foliation and L3
lineation of kinks and crenulations that

Bearing and plunge of minor fold axis
showing symmetrical (M-shaped)

Bearing and plunge of minor fold
axis showing clockwise (Z-shaped)
asymmetrical profile view

Bearing and plunge of minor fold axis
showing counterclockwise (S-shaped)
asymmetrical profile

d sandstone; cliff bands shown with gray overlay. Interpreted to have formed in a high-

Mountains from 1,660 to 1,250 Ma and exhumation of middle crustal
basement rocks from 20-km depths, with ~600 Ma of time “missing”
(not recorded).

nd felsic gneiss with garnet + felsic leucosome textures reflecting biotite dehydration

0 + 1 Ma (Hawkins et al., 1996); includes tabular amphibolite bodies (Xegb) that may

Normal fault, showing dip (if
measured); U on upthrown block; D on
65 downthrown block

A\

Reverse fault, teeth on upthrown block

Anticline; arrows show dip direction
of limbs

Overturned (inclined) anticline; arrows
show dip direction of limbs

Syncline; arrows show dip direction
of limbs

Overturned (inclined) syncline, arrows
show dip direction of limbs

Monocline, arrow shows dip direction
of steep limb
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Form line showing dominant foliation

o®® Inferred pathway of ancestral Colorado
River beneath Surprise Valley landslides

Landslide detachment

o

5 Ma to present: Carving of Grand Canyon by the Colorado River and deposition of
Quaternary surficial deposits.

90 Ma to present: Uplift of the Colorado Plateau from approximately sea level and
erosion of ~2 km of Mesozoic strata that were once present in the region.

507-270 Ma: Deposition of ~1 km of Paleozoic strata; region remained near sea level
as strata accumulated and depressed continent.

1,000-500 Ma: Formation of Great Angular Unconformity: Precambrian units eroded
to near sea level except for a Cambrian Shinumo archipelago formed by the resistant
Shinumo Sandstone.

~1,100 Ma: Tilting of Grand Canyon Supergroup due to NE-SW extension on NW-
striking domino-style normal faults during the greater Grenville orogeny and assembly
of the supercontinent of Rodinia across collisional mountain belt forming in Texas.

1,098 Ma: Intrusion of diabase sills due to movement of North America over a mantle
plume to form the SW USA large igneous province.

1,250-1,100 Ma: Deposition of Unkar Group in foreland of Grenville orogenic belt
(located in Texas); Wheeler monocline forms from NW-SE compression.

1,600-1,250 Ma: Great Nonconformity formed from erosion of ~ 20 km of crust from
Vishnu Mountains to expose middle crustal levels.

1,700-1,600 Ma: Intrusion of granitic and pegmatite dike swarms late during D2
NW-SE crustal shortening of 1,700-1,680 Ma Yavapai orogeny.

1,719 Ma: Intrusion of Ruby granodiorite/diorite pluton magmatic arc.

1,750-1,730 Ma: D1 deformation involving isoclinal folding of Vishnu turbidites and
formation of Elves shear zone as Elves Chasm block was underthrust to the north.

1,750-1,730 Ma: Deposition of Granite Gorge Metamorphic Suite consisting of
interleaved Rama Schsit intermediate metavolcanic rock, Brahma Schist basaltic
metavolcanic rocks, and Vishnu Schist metasedimentary rock (metaturbidites).

1,840 Ma: Elves Chasm pluton crystallizes as magmatic arc granodiorite in a
microcontinental tectonic block that was later underthrust to the north below the
Granite Gorge Metamorphic Suite along the Elves shear zone.
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Sticky Note
locally Late Mississippian, to my knowledge

Ryan Crow
Sticky Note
Thinner line weights for the dikes and Great Unconformity would make detailed mapping easier to decipher
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Sticky Note
Formally this is the Frenchman Mountain Dolostone
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Formally this is the Muav Limestone
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Sticky Note
Formally this is the Shinumo Quartzite but I agree that sandstone is much preferred and has been used on USGS maps (e.g. Billingsley and others, 2012)
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Sticky Note
Formally this is the Bright Angel Shale
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Sticky Note
This in another one where "Shale" probably does not do the unit justice
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Just added to geolex last year
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But I understand given the heterolithic character
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But I understand given the heterolithic character
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Not in Geolex
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Not in Geolex

Ryan Crow
Sticky Note
Would it be more correct to call this the Elves Chasm contract zone?
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Not formal

Ryan Crow
Sticky Note
This is certainly not a formal CMU but the Geologic History is very helpful, especially for laymen.

Ryan Crow
Sticky Note
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Very nice layout - looks great




