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The geologic history of the Grand Canyon can be approached by breaking 

it up into three puzzles: 

 

1. How did all those sweet layers get there? 

2. How did the area become uplifted over a mile above sea level? 

3. How and when was the canyon carved out? 

 

That’s how this short guide is organized, into three sections: 

1. Laying down the Strata,   2. Uplift, and   3. Carving the Canyon, 

 

Followed by a walking geological guide to the 3 most popular hikes  

in the National Park. 



 

PRE-CAMBRIAN 

 

2000 mya (million years ago), much of the planet’s uppermost layer was thin oceanic 

crust, and plate tectonics was functioning more or less as it does now. 

   

It begins with a Subduction Zone... 
 

Vishnu Schist:   
 

1840 mya, the GC region was the site of an active 

subduction zone, crowned by a long volcanic chain 

known as the Yavapai Arc (similar to today’s    

Aleutian Islands).  The oceanic crust on the leading 

edge of Wyomingland, a huge plate driving in from 

the NW, was subducting under another plate at the 

zone, a terrane known as the Yavapai Province.   

 

Subduction brought Wyomingland 

closer and closer to the arc for 150 

million years, during which genera-

tions of volcanoes were born and 

laid dormant along the arc.  Lava 

and ash of new volcanoes mixed 

with the eroded sands and mud 

from older cones, creating a pile of 

inter-bedded lava, ash, sand, and 

mud that was 40,000 feet deep!    

Vishnu Schist 

Zoroaster Granite 

I. LAYING DOWN THE STRATA 



Wyomingland reached the subduction zone 1700 mya.  Too buoyant to be driven 

below the Yavapai arc, it collided head-on with the volcanic chain.  The collision 

metamorphosed the inter-bedded layers, creating a schist, the Vishnu Schist (a.k.a. 

Granite Gorge Metamorphic Suite, it’s actually not a uniform type of rock; the suite 

includes Brahma Schist, Rama Schist, and Vishnu Schist).  

Zoroaster Granite:  
 

The magma chambers that had been feeding the Yavapai cones lithified during the 

collision into the Zoroaster Granite.  (a.k.a. Zoroaster Plutonic Complex – again, it 

isn’t purely one type of igneous rock.) 

 

Once the Yavapai Arc was securely welded to Wyomingland, the old subduction zone 

dissipated, and the Grand Canyon (GC) area lay at the end of the vast continent.  The 

Wyomingland/Yavapai complex continued charging SW, and encountered another 

subduction zone, the Mazatzal Arc, around 1600 mya.  This arc also got plastered onto 

the tectonic train, bringing the continent’s coast farther southeast than the GC area and 

adding more volume to 

the Zoroaster Granite. 

 

For 200 my, erosion wore 

away the mountain 

ranges of these collisions, 

exposing the Vishnu 

Schist and Granite at the 

surface.  With the moun-

tains completely leveled, 

the GC area was a vast, 

sea-level plain. 



 

 

The Grand Canyon Supergroup:   

Fluctuating seas as Rodinia was assembling. 

 

** Read from Bottom to Top (in order of deposition) ** 

      

 

 

   

 
 

 

 

~ Bass Limestone: 
Sea began encroaching over this plain in 

spasms.  The first shallow ocean was the 

Bass Sea, which deposited the Bass LS.  

(Contains stromatolite fossils, 1200 mya). 

~ Hakatai Shale 
As the Bass Sea retreated, its muddy 

shores lithified as the Hakatai Shale (huge 

mudcracks and iron oxidation in it suggest 

the GC area was an arid coastline with 

mudflats) 

~ Shinumo Quartzite: 

Deposited from beaches and river deltas when 

sea level was low.  This sandstone was later 

metamorphosed into quartzite.  This is one of 

the Canyon’s hardest and most resilient layers. 

~ Dox Formation: 
This mudstone layer suggests that small changes in 

sea level maintained shoreline/mudflat conditions in 

the area intermittently until 1100 mya. 

~ Cardenas Lava:  
Seeped over GC area as a result of extension induced by 

the far-east Grenville Orogeny (1100 mya), which was 

the final event in the formation of Rodinia.  Rodinia 

brought all the continental crust on earth together for a 

time, and the GC area was locked in the center of it.  To 

the west was ancestral-Antarctica and -Australia. 

Unkar Group: 

Nankoweap Formation & Chuar Group: 
1050 to 750 mya.  Shows that the GC area was low, and despite being in the 

middle of Rodinia, was flooded by seawater, sensu Canada’s Hudson Bay.  

The Chuar Group consists of the Galeron and Kwagunt Formations. 

(Major time gap — uncomformity — here) 
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NOTE:  Sea level can be induced globally by major glaciation episodes (which can be 
induced by Milankovitch Cycles, changes in earth’s orbit around the sun) or periods of 

faster or slower mid-ocean ridge activity.  Locally, sea level can be altered drastically 

by normal faulting. 

Tilting of Supergroup: 
After the Chuar group was deposited, 750 mya, Rodinia began to break up.  

This caused extension in the GC area, sensu the creation of the Basin and 

Range.  A group of normal faults split the GC area in a NW-SE direction, 

offsetting adjacent blocks of crust by almost 2 vertical miles! The major fault 

line was the Butte fault, the location of the E. Kaibab Monocline.  Movement 

during this faulting tilted the Supergroup & created the “Cremation Graben”. 

Sixty-Mile Formation: 
Landslides tumbled off this fault, eroding the elevated portions of the Super-

Group, Nankoweap, and Chuar groups and re-exposing the Vishnu Schist and 

Zoroaster Granite, now on level with the Supergroup on one side of the Butte 

Fault.  This wasting accumulated on top of the down-faulted Supergroup on 

the other side of the fault.  This breccia is known as the Sixty-Mile Forma-

tion, and it’s the final layer of the GC Supergroup. 

After Rodinia’s rifting was complete, erosion wore away the ranges that 

formed during the extensional faulting in the GC area.   By the dawn of the 

Paleozoic (542 mya), the region was mostly flat again, except for a few hills 

of more resilient rocks (mainly Shinumo Quartzite and Zoroaster Granite).   



PALEOZOIC 

 

The Tonto Group: 
For hundreds of millions of years, the GC area lay far from plate boundaries, 

and sediments were laid down that formed the upper horizontal layers.  Then the 

encroachment of the ancestral Pacific began. This was also the time of the Cam-

brian Explosion, so the Bright Angel Shale and Muav LS are highly fossiliferous.  

 

                  

 

                                        ** Read from Bottom to Top (in order of deposition) ** 

~ Tapeats Sandstone: 
The sea began to encroach.  The shore-

line, and rivers that flowed to it, depos-

ited the quartz for the Tapeats Sandstone, 

which blanketed all of the flat GC area.  

On one side of the Butte fault, it splayed 

right on top of the Supergroup (creating 

an angular unconformity).  On the other 

side, right on top of the Vishnu Schist.  

Where the 525 mya Tapeats touches the 

1750 mya Vishnu, you have the world-

famous Great Unconformity (1.2 billion 

year gap).  

~ Muav Limestone:  

Even farther west, lighter particles of 

calcite were deposited in the deeper parts 

of the encroaching sea, forming LS. 

~Bright Angel Shale: 
Lighter particles flowing from rivers into 

the ancestral Pacific could be carried 

farther out to sea.  These fell to the sea 

floor to form the Bright Angel Shale, 

thicker in the west (from whence the sea 

was encroaching).   

As the sea level rose, these three layers 

encroached eastward (in transgressive 

steps, causing tilted sedimentary strata). 

I. LAYING DOWN THE STRATA 





Surprise Canyon Formation: 
When the Redwall Sea retreated, it left the Redwall Lime-

stone high and dry, and river began to cut deeply into it.  A 

newly humid climate induced karst topography in the Red-

wall as well.  When the sea returned 320 mya, the sink-

holes, caves, and ravines were filled in by the Surprise 

Canyon formation, deposited from a series of estuaries.  

It’s a very elusive layer; nowhere is it continuous, but it’s 

highly fossiliferous. 

Supai Group: (Characterized by a cliff-slope-cliff pattern) 

The encroaching sea deposited the Supai Group from 310 to 285 

mya.  Although the GC area was in the tropics at this time, the 

nearby Pacific was drastically affected by far-off glaciation in the 

Southern Hemisphere, where Gondwanaland was straddling the icy 

pole.  These sporadic glaciations were probably induced by a     

Milankovitch cycle (a shift in earth’s orbit, lasting about 100,000 

years).  In the periods that glaciers sucked down sea levels, sand 

dunes would march across the GC area, or it would be a muddy 

fluvial plain:  In order of deposition:   

  Watahomigi, Manakacha, Wescogame, Esplanade Sandstone 

Unconformity! 120 million years missing 
between Muav & Temple Butte! Nothing 

known about Ordovician, Silurian, or early 

Devonian 

Temple Butte Limestone:   
This layer peaks out between the Muav LS 

and the Redwall in some parts of central 

Canyon, at times along the hiking trails.  

It’s a continuous layer to the west, where 

the encroaching sea was deeper; the GC 

area’s east side was the shoreline at the 

time.  At this point, 385 mya, the GC area 

resembled today’s Persian Gulf — arid, 

tidal mudflats. 

Redwall Limestone: 
After retreating and eroding away much of the 

Temple Butte, the sea encroached again, 340 

mya (Mississippian), depositing the GC’s most 

dramatic wall: the Redwall Limestone.  At its 

zenith, the Redwall Sea covered most of west-

ern N. America.  The Redwall is highly fos-

siliferous; its red color is from overlying Supai 

mud dripping onto the layer during storms.   

  ** Read from Bottom to Top (in order of deposition) ** 
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~ The Hermit Shale: 
In the late Permian, Gondwanaland had 

drifted off the South Pole for a collision 

course with North America, creating Pan-

gaea.  This collision created the Appalachi-

ans, the Ozarks, and the ancestral Rockies.  

The formation of the latter flooded the GC 

area with vast fluvial plains of runoff, 

sensu today’s Mississippi delta.  The 

muddy sediments from these fluvial plains 

make up the Hermit Shale, 285-280 mya. 

~ Kaibab Limestone 

The sea continued encroaching eastward, laying down marine fossils.  

This layer of deep sea fossiliferous limestone is the Canyon’s capping 

layer, the Kaibab Limestone. 

~ Toroweap Limestone 

One Last Sea.  By 273 mya, the sea encroached again.  

Still an arid climate, huge amounts of seawater evapo-

rated in tidal flats, leaving behind salt, gypsum and 

other evaporites, distinctive of the limestone of the 

Toroweap Formation.  The proportion of evaporites 

decreases as you go west in the Canyon, pointing the 

way to the open ocean. 

~ Coconino Sandstone:   
When the fluvial plains dried up, erosion set in as 

the climate became drier.  Huge cracks formed in 

the Hermit mud.  By 275 mya, the GC area was a 

desert the size of the modern Sahara.  1,000 ft-tall 

sand dunes covered the landscape, lithifying into 

the Coconino Sandstone (sheer-cliffs, full of   

Aeolian cross-bedding). 

  ** Read from Bottom to Top (in order of deposition) ** 



I. LAYING DOWN THE STRATA 

The Kaibab LS was not the last stratum to be laid down — it is only the one at 

which subsequent erosion has reached as of today. 

Break-Up of Pangaea:   
Early Triassic: The super-continent unzipped 

far to the east of the GC area, so the GC ex-

perienced only indirect – but major – effects.   

As the Atlantic grew, the Pacific bore the 

brunt and suffered subduction from all sides, 

creating the Ring of Fire.  One of its subduc-

tion zones formed near what is now Phoenix, 

AZ, uplifting mountains that were drained by 

swift-flowing rivers (which formed the Shina-

rump Conglomerate, see above). 

MESOZOIC 

Moenkopi Formation & Shinarump Conglomerate: 
Nearby Cedar Mountain and Red Butte display two further 

layers atop the Kaibab LS: first, the Moenkopi (mudstones 

and sandstones from meandering rivers, 245 mya), and the 

Shinarump Formation (conglomerate deposited by swiftly 

moving streams, 225).  

 

The GC area and the Colorado Plateau were relatively 

stable compared to the rest of North America during the 

Pangaea break-up (see below), and they remained near sea-

level.  It thus became a sink for sedimentation (hence the 

Moenkopi and Shinarump).  These deposits of outwash are 

also what form the nearby Vermillion Cliffs and Grand 

Staircase, as well as other formations in Utah.   

 

Now, by 265 mya, all the strata are there – but they are at 

sea level!   



II. UPLIFT 
 

MESOZOIC, CONT’D 

 

Laramide Orogeny 

As Pangaea continued to split, and as the Pacific subducted under North 

America’s west coast, a volcanic arc stretched from Arizona to British Co-

lumbia (whose lithified magma, now granite, forms the core of the Sierra 

Nevadas).   

 

65 mya, the angle of the Pacific’s subduction shallowed, causing the Pacific 

oceanic plate to rub up against the base of the continental plate much farther 

east than before.  This was probably caused by an acceleration of North 

America’s westward movement, becoming quicker than the Pacific plate 

could respond to. 

 

Friction from this rubbing created compressional forces that heaved up the 

modern Rocky Mountains and the Colorado Plateau to modern altitudes. Up-

lift continued to the end of the Mesozoic. 



CENOZOIC 

 

Renewing Old Faults 

During the Laramide Orogeny, most rocks were uplifted horizontally, as if on an eleva-

tor.  But in some places ancient dormant faults from the Rodinia break-up (700 mya) 

were “re-awakened”, & created dramatic monoclines, like the Grand View Monocline. 

 

 

Kaibab Plateau 
But the most important monocline 

has come from the renewed move-

ment of the Butte Fault (from the 

Great Unconformity), creating the 

East Kaibab Monocline.  The up-

lifted western side of this fault is the 

lofty Kaibab Plateau (host of the 

North Rim in G.C. Nat’l Park) -- a 

plateau atop a plateau.  Meta!!! 

 

 

Eroding away 4,000 ft of Sediment 
The uplift exposed sedimentary 

layers to intense, high-elevation 

storms, which drastically accelerated 

erosion.  As said, these lost layers 

still exist elsewhere on the Colorado 

Plateau.   

 

Flanked by Ranges, A Basin for Great Lakes 
When the Laramide Orogeny subsided 45 mya, the Colorado Plateau was flanked on 

both sides by mountain ranges, a la today’s Tibet or Bolivia: to the west, the Sevier and 

the Mongollon Highlands, through Nevada and Arizona.  To the east, the southern 

Rockies. 

 

Runoff from these two ranges flowed into the GC area, creating humongous, high lakes, 

a la Lake Titicaca on the border of Peru and Bolivia on the Altiplano. 

 

Now, the stage is set for something Grand...but where’s the canyon?! 

II. UPLIFT 



III. CARVING THE CANYON 
 

 

CENOZOIC, CONT’D 

 

 

Originally, Ironically, a River flowed Northeast through Area 
The headwaters of Colorado River probably formed around this time, taking 

runoff from the Rockies to a lake in eastern Utah – but it did not flow through 

the GC area yet.  Instead, a series of rivers from the western range (the Mon-

gollon Highlands), flowed northeast across the GC area, probably sourced 

from the Phoenix area to a lake at what is now Bryce Canyon National Park – 

that may sound odd, since Phoenix today is only at 1500 feet elevation and 

the canyon rims are around 7,500 ft, but it’s true.  Stranger than friction! 

 

Establishing Flow in Western Canyon 
This North-East flowing system persisted until 18 mya.  Rock evidence is 

scarce (there was a lot of erosion in the late Cenozoic), but we can deduce 

that this NE flowing drainage, the ancestral “Lower Colorado”, somehow 

linked up with some eastern drainage (the upper Colorado) between 8 and 5 

mya.   

 

Where did this eastern drainage come from and flow to?  There are two com-

peting theories about the upper section of the ancestral Colorado River: 

 
1. The Colorado flowed through Marble Canyon as it does today, but 

drained out of the Little Colorado River at first (which today 

flows INTO the canyon, not out of it), then across NM, connected 

with the Rio Grande, and drained into the Gulf of Mexico.  Wacky, 

but possible.  

2. The Colorado flowed through Marble Canyon, then UP Kanab 

Creeek drainage.  River deposits support this idea, but where did 

the river go once it reached Utah??? 

 

Regardless of where the upper Colorado flowed to (the Gulf or Utah), it had 

to eventually shift to flow into the Gulf of California, via what is now the 

Lower Colorado River.  How? 



II. CARVING THE CANYON 

 

Demise of Mongollon and Sevier Highlands, Birth of Basin and Range 
30mya, the subduction zone at the Pacific/Western North American boundary dissipated 

once it swallowed a mid-ocean ridge.  Out of this chaotic lull, the San Andreas fault 

was born, which ended mountain building in the Mongollon and Sevier Highlands, 

which had been to the west of the GC area. 

 

Compression from the subduction zone had resisted the downward forces of gravity, 

keeping these highlands high.  Now, without that tectonic engine, the highlands began 

to extend, collapsing along normal faults, swiveling into basins and ranges: The Basin 

and Range Province.   

 

This drastically impacted the Colorado Plateau:  Its western flank (marked today by the 

Grand Wash Cliffs), which had once come up to a monstrous mountain range — but 

now overlooked a huge basin.  Steep streams began to drain down this escarpment. 

 

Stream Piracy 

These steep streams eroded efficiently, headward towards the Colorado Plateau’s cen-

ter, forming the western Grand Canyon as it went.  One such stream, the biggest, was 

called the Hualapai Drainage.  It drained out into the Gulf of California.  Its headward 

erosion eventually breached the last ridge separating it from the upper Colorado, and 

the full force of the Colorado River began to drain toward the Gulf of California, erod-

ing the canyon all gangbusters.   

 

 



POSTSCRIPT 
 

 

The Canyon’s recent geologic history, and a few other regional features, 

should be explained… 

 

Encroachment of the Basin & Range, and Volcanoes 
The group of normal faults causing the Basin and Range has been extending 

eastward for 10 million years now, stretching the crust and allowing magma 

into the cracks.  

 

Between 9 million and 1,000 years ago, over 800 different volcanoes formed 

on the Coconino Plateau between the Canyon and Flagstaff.  Most were dark, 

basaltic cinder cones.  The monarch of this volcano field is San Francisco 

Mountain, which was once 16,000 feet high.  In the mid-Pleistocene, its 

northeast flank collapsed, dropping its summit by 3-4,000 feet.  

 

Some of these cones have spilled lava into the Canyon, hardening into lava 

plugs, turning the river into an enormous reservoir for a time.   

 

The Basin & Range faults are still active, and continue to drop the western 

Canyon down in a series of steps.  In a few million years, the Canyon will 

probably be another basin and range-esque landscape – so savor it, chil’ens. 

 

Influence of Pleistocene Ice Age 
As the Pleistocene ice age caused sporadic glaciations, the massive melting of 

glaciers caused the canyon to be cut ever deeper.  The periods of cooling in 

the ice age brought vegetation zones down into the canyon on occasion.   

 

Holocene 
Humans arrived to the Canyon area about 13,000 years ago.   

 

NOT the Grand Canyon 



North Kaibab Trail 
 

Length: 14.2 mi 

Elevation change: 5840 ft. 

Water and Toilets:  Toilets and treated water at Supai Tunnel and both Cottonwood and 

Bright Angel campgrounds.   

 

There is parking at the trailhead. 

 

The North Kaibab Trail descends the western Roaring Springs Canyon then meets up 

with the Bright Angel Canyon, both of which formed along faults.  Note how linear the 

streams in both canyons are. 

 

The North Rim is farther from the river than the South because of the relatively higher 

abundance of water to the north.  There’s more water up there for three reasons: 

 

1. Elevation.  The North Rim (8,000 to 9,000 feet) sits a thousand feet higher than 

the South Rim.  This extra elevation allows it to gather extra moisture from 

passing storms, resulting in more flowing streams, resulting in more headward 

erosion and spring sapping (where springs erode materials, undercut overlying 

layers, and eventually cause mass wasting —called scarp retreat) that equates 

to headward erosion). 

 

2. The Kaibab Plateau’s southward slope.  It funnels most of the water that the 

plateau receives into the canyon, leading to more stream flow, leading to more 

headward erosion and spring sapping.  On the south rim, most water falling on 

the Coconino Plateau flows away from the rim. 

 

3. Path of groundwater flow.  The Grand Canyon’s seemingly horizontal Paleo-

zoic strata actually dip 1 to 3 degrees to the south (which is why the north and 

south rims are both topped with Kaibab Limestone but the south rim is still 

1400 feet lower).  Water percolates through the permeable Kaibab LS, hits an 

impermeable layer, and travels the path of least resistance (on the North Rim, 

into the canyon, and on the South Rim, away from it). 



8000 ft 

3000 ft 

7000 ft 

6000 ft 

5000 ft 

4000 ft 

2500 ft 

                   0.6 miles into the trail, you’ve gone through the Kaibab LS and have 

    entered the Toroweap.  The contact is marked with a metal interpretive 

     sign.  Across the canyon, you can see the San Francisco peaks behind 

      the south rim as you descend.   

 

       When you get to a scenic, flat overlook (mile 0.8), you’ve reached the 

         top of the Coconino Sandstone.  At this point the Roaring Springs 

            Fault splayed in two, and you descend along the graben that  

              dropped down in between the two splays.  Note how the top of 

   the Coconino is higher to both sides of where you are standing 

      at the overlook. 

 

     At mile 1.7, you reach the contact of Hermit Shale, soft and 

      brick-red.   

 

        Then, on trail left, the top of the next strata, the Supai   

         Group will be marked by the high red cliffs of its topmost 

             layer, the Esplanade Sandstone. 

 

             At 2.0 miles you reach the Supai Tunnel through the  

                Esplanade, surrounded by pinyon pines and junipers. 

 

                 After switchbacking through the rest of the Supai, you 

       reach the Redwall Limestone at mi.3.  Just below 

        the top of the Redwall, to trail left is a jumble of  

          breccia (formed from tropical weathering of the 

           Redwall 325 mya): The Surprise Canyon F. 

 

 

 

         After descending through the Redwall, a sharp 

         right switchback under an overhang and a series 

         of wooden steps brings you into the Temple  

         Butte LS, which filled in the tidal channels in the  

          underlying Muav LS.  One purplish Temple  

          Butte lens, with wavy beds of tidal ripples and 

              bioturbation, is easily visible at the bottom of  the steps. 

 

              One hundred yards further, a sign marks your entrance into the yellowish Muav LS.   

 

You are still in the Muav when you reach the Roaring Springs trail junction  (mile 4.7).   

At Roaring Springs, water flowing outward along an impermeable cliff in the Muav LS, just 

above the Bright Angel Shale contact, supplies all of the South Rim facilities.  It’s a 5 min-

ute stroll from the main trail to the oasis. 



3000 ft 
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   From the junction, 40 yards down the main trail is the contact with 

   the green Bright Angel Shale, then from mile 5.1 through Tapeats 

   Sandstone to the floor of Bright Angel Canyon to the mouth of 

   Manzanita creek.  When you cross a bridge, you are crossing the 

   Bright Angel fault. 

 

                  You now enter the G.C. Supergroup, first into the Dox Formation 

                 at mile 5.3, which stays with you all the way into Cottonwood Camp

   ground at mile 6.8. 

 

    0.3 miles after Cottonwood camp, the Dox is intruded by 

    some diabase dikes, which fed Cardenas Lava flows. 

 

    Shortly before the Wall Creek tributary enters from the 

    left, the trail crosses into bold, pink outcrops of the 

    Shinumo Quartzite, also cut by diabase dikes and sills in 

    the area upsteam of the Ribbon Falls junction (8 miles 

    from Rim).  It’s a 10-minute detour to the falls. 

    Ribbon Falls plunges down a tower of resistant Shinumo.  

    30 feet above the floor; the falls hit a ridge of travertine, a 

    limestone carbonate (which water picks up from overly-

    ing layers as it seeps to the Shinumo) crystallized from 

    freshwater that releases the carbonates during freefall.  

    There are travertine stalagtites in the alcove (formed by 

       spring sapping) to the right of the falls amphitheater.  

          Impermeable mud strata have caused the spring,  

            undercutting the Shinumo. 

 

     Back on the main trail, you climb over a small 

     knob of Shinumo Quartzite.  You then descend 

     into orange Hakatai Shale.  To trail left, the 

     B.A. fault has lifted the Hakatai high above 

     your head.  At mile 8.8 you see a huge diabase 

     sill that intrudes the Hakatai. 

 

     Look for beavers along B.A. Creek!  At the far 

  end of the beaver ponds is an exposure of Bass Limestone, the lowermost 

  Supergroup stratum.  They are tilted at a 70 degree angle due to a monocline 

  just to the east of the B.A. fault.  The wrinkled layering visible in the Bass 

  Limestone are stromatolite fossils, 1.2 billion-year old cyanobacteria!   

 

At mile 10.3, you enter the Vishnu Schist.  Where the Bass meets the Vishnu (a 500 million-year 

unconformity), there is a small layer of conglomerate called the Hotauta Conglomerate Member.  

The pink veins in the vertical foliations of Vishnu are Zoroaster Granite intrusions. 

The rest of the hike moves through the Vishnu Schist and Zoroaster.  Extension of the crust has 

caused the granite intrusions to pinch and swell, causing veins that resemble sausage links, hence 

their geologic term, boudinage (French for sausage). 





South Kaibab Trail 
 

Length:  7 miles 

Elevation change: 4,740 feet 

Water and Toilets: Water only at trailhead and B.A. Campground.  Toilets at Cedar Ridge, 

Tonto Platform, and the campground. 

 

This is the shortest of the Rim to River trails.  (No parking allowed at the trailhead.)   

Access trail from Yaki Pt.   

The trail begins by steeply zigzagging through the Kaibab Lime-

stone (note the chert nodules in it visible along the trail, which 

formed due to the silica of spicules in sponges in shallow oceans) 

 

The switchbacks ease into a long traverse through the Toroweap 

Formation (full of evaporites).  Evaporites are less dense than 

rock, so under pressure they tend to rise relative to higher density      

   material; this fractures and buckles overlying layers, forming   

    small domes.  One such dome is visible 0.5 mi after the trail  

     begins. 

       In many places the Kaibab has broken off into gigantic   

      blocks, and leaned against itself (symptomatic of hard layers  

         overlying softer ones). These are called Toreva blocks. 

 

          At mile 0.8 you pass the contact between the Toroweap   

           and the Coconino, & the trail starts switch-backing along   

            its Aeolian cross-beds.   

 

 Next comes the brick-red mudstones of the Hermit 

     Formation (look for sandstone lenses that indicate 

      meandering channels through the mud).   

 

       Then into the Supai Group just below the Cedar 

        Ridge rest house.  The Supai is highly fossiliferous 

        (great fern fossils).   

 

           At Skeleton Pt, you descend steeply along the   

             Redwall LS.  Near the bottom of the cliff, at 

               mile 3.8, there is a soft, purplish rock visible  

               to the left of a right-turning, sharp switchback.  

  The lens, extending 30 yards or so north, is 

  Temple Butte.  This is also the contact  

    between the Redwall and the Muav. 

  When the path straightens out, look for  

  bioturbation evidence in the Muav.   

 

  Crossing into the Bright Angel Shale, you 

  reach the Tonto Platform.   



           After the resthouse, enter a small valley, whose cliffs are the  

                Tapeats Sandstone.  The blocks of B.A. shale used to line the trail 

  here have some good bioturbation fossils. 

 

  You then enter the Inner Gorge, and immediately see brown and 

  green Tapeats contacting the purple Shinumo Quartzite, of the 

    G.C. Supergroup.  Note how the Shinumo and next, the Hakatai 

      Shale, tilt to the right, while the Tapeats above is level.  This is 

      a 500 million year angular unconformity.  Where the trail enters 

        the Inner Gorge, the three lowermost formations of the G.C. 

          Supergroup (The Unkar Group: Shinumo Quartzite, Hakatai, 

          and Bass) are sliced by four normal faults into the Cremation 

            Graben, which was dropped 750 million years ago.  The 

               Supergroup layers that were lifted by this same faulting 

   event have been eroded away, and the graben protected 

      its Supergroup layers.  The Unkar group had formed 

       while Rodinia was assembling, and these faults were 

        caused by extensional forces of the supercontinent’s 

          break-up between 900 and 800 million years ago.  

           From the panorama, Cremation Graben can be seen 

           on both sides of the river.  You can also see the 

            boundaries of the “grave,” where the Supergroup 

            ends and the chaotic Vishnu Schist meets directly 

             with the horizontal Tapeats.  

 

                The trail continues along the cross-bedded 

               Shinumo, which ends abruptly among rubble at 

                the contact with the Hakatai Shale.  A normal 

    fault separates the two layers here (one of the 

    faults involved in the creation of the Graben).  

    The trail reaches a narrow neck of land  

    dividing two tributary valleys.  Looking back, 

    you see the faults that caused the graben well.   

 

    After the neck, you go by the Hakatai again – 

    keep a look up for ripples and mudracks in the 

mudstone.  You then step from the Hakatai right onto the Vishnu Schist, then crosses 

back onto Hakatai, back onto Shinumo, then at a right turn-overlook you reach the 

Bass Limestone.   

 

After the overlook, you pass under a massive Shinumo boulder, then go down two 

switchbacks.  To the left on the 2nd, there’s a 4-ft high outcrop of limestone and orange 

mudstone bands.  To the right of this outcrop is a resistant limestone layer with wavy 

laminations.  These are stromatolites, 1.2 billion years old.   

 

Another 30 yards and you cross the Cremation Fault again into the Vishnu Schist and 

Zoroaster Granite. 

 

Just upstream of the black bridge is a good example of a Vishnu Schist inclusion in 

Zoroaster Granite: as the Zoroaster solidified, chunks of the Schist broke off and were 

frozen in the granite. 

 

0.4 miles more to the Bright Angel Campground. 



Bright Angel Trail 
 

Trailhead is 300m west of Bright Angel Lodge in Grand Canyon Village, on South 

Rim. 

Length: 9.7 mi 

Elevation Change: 4,400 feet 

Water and Toilets: Treated water year-round at Indian Garden and Bright Angel 

Campgrounds 

 

This is the park’s most used trail.  Like the N. Kaibab trail, the path switchbacks 

down a canyon (for the B.A. Trail, the Garden Creek Canyon) that eroded along the 

Bright Angel Fault – this is why these creeks are so linear.  With each footstep, you 

transport yourself an average of 60,000 years back in geologic time. 

Leaving the trailhead, the first tunnel you go through 

(0.15 mi) is cut through the Kaibab Limestone.   

 

At the end of the straightaway after the tunnel, you cross 

the Bright Angel Fault and also reach the Kaibab-

Toroweap contact, where the steep cliffs give way to 

vegetated slopes.  The B.A. Fault’s movement (200 feet) 

is also obvious here: to the left of the fault, the Kaibab LS 

is above you, but to the right it extends below your cur-

rent elevation.  You soon cross the B.A. Fault again, put-

ting the Kaibab LS again alongside the trail. 

 

0.7 mi from the trailhead are the best views of the 

Toroweap, which is composed of alternating cliff-forming 

gray limestone and slope-forming brown mudstones and 

evaporites. 

 

The second tunnel you enter (0.9 mi) is at the boundary of 

the Toroweap and the Coconino Sandstone.  The rock 

has white calcite veins produced by B.A. Fault movement 

crushing the rock and allowing intrusions of mineral-rich 

water.  Again, the fault’s vertical movement is evident 

here, with the Coconino at drastically different levels on 

either side of the trail.  Note the sweeping Aeolian cross-

beds in the Coconino. 

 

During the next set of switchbacks, you leave the Cocon-

ino and enter the Hermit Shale, seen on your left on the 

7th switchback. 

 

Note the huge 15 to 20 ft gashes in the top of the Hermit, 

where mudcracks were filled in by sand debris. 



The toilet at 1.5 mi lies near the contact between the Hermit Formation and the Supai 

Group (the thickest of the Paleozoic Layers). The Supai’s topmost layer is the Esplanade 

Sandstone, a large cross-bedded cliff-former. 

 

As you switchback through the Supai, you criss-cross the B.A. Fault several times.  Note 

the distinct contrast between mudstone and sandstone layers in the Supai. 

 

At mile 2.8 you reach Garden Creek wash, 

which rests atop the Redwall Limestone on the 

upthrown, western side of the B.A. Fault. 

 

The 3-mile Resthouse rests above the Redwall 

on the other side of the fault. 

After the resthouse are the switchbacks of 

“Jacob’s Ladder,” which descends the Redwall.  

Look for fossils as you go. 

 

When the trail enters an eastern tributary to Gar-

den Creek below the Redwall, it enters the 

Muav LS, the topmost layer of the Tonto group, 

crossing a 165 million year unconformity. 

 

A small outcrop of Temple Butte LS is visible 

on a high cliff to the east (right) as you walk 

towards Indian Garden.  It’s a 35-foot thick lens 

of purplish rock, 200 ft up the wall. 

 

The Muav on the way to Indian Creek has been 

covered up by sediments deposited by the creek. 

 

Before entering Indian Garden, you enter into 

the Bright Angel Shale.  The cottonwoods at 

the campground are there because of a spring 

that occurs along the B.A. fault. 

 

The signed junction for the Tonto East Trail is at 

the contact between the B.A. Shale and the 

Tapeats Sandstone, which create resistant 

ledges as the trail descends.  Beyond the junc-

tion, you drop into the Tapeats gorge. 

 

0.3 mi after entering the gorge, a pile of rockfall debris comes into view trail right; this is 

the Great Unconformity.  You can place your finger right over 1.2 billion \missing years.  

This is the contact between the Tapeats & the Vishnu Schist/Zoroaster Granite complex.  

 

The trail descends through the Granite and Schist until the river.  Sparkling ribbons of 

Zoroaster granite twist on top of and throughout the Schist. 

 

You reach the river.  Across it, the crystalline granite forms a short cliff capped by brown 

sedimentary layers of the G.C. Supergroup, lowest and oldest being the Bass Limestone.  

These layers occupy a graben (German for “grave”), a down-dropped section between two 

normal faults.   







Compiled by Eric Keen 

Distilled from the introductions 

and trail summaries in this book.  

Figures also taken from here. 

(Except geologic cross sections, 

which were pilfered from the 

internet and modified.)   






