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Forward:

My original guide, published in 1983, has served long and well.  The original purpose was to provide documentation of the river experience and natural history in support of our application for wild and scenic status, approved in 1984. In light of all that has passed since then, I am putting the text of the guide on the web, without pictures, for all to use and add to and correct. If the stars agree, this may result in a second edition.  Your additions, stories, suggestions etc. are welcome. Please send to me at my email or snail mail address below.  Meanwhile, see you on the river. Thanks to Greg Bartow for the scan and Barbara Moore for the translation to word.

Pax terry wright   Forestville, January 2007

www.terrywrightgeology.com
teedub@terrywrightgeology.com
Box 279, Forestville, Ca. 95436
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Introduction:

Challenging whitewater set in the grandeur of an unspoiled Sierra 

mountain canyon: this is the Tuolumne River experience. This experience 

is heightened for those who take the time to learn the secrets 

of her natural and human history. In this spirit we offer this guide. 

This guide gives the novice or veteran river-runner a look at the natural 

history of the Tuolumne Canyon as well as some vignettes of the human 

imprint. We begin at the beginning: a description of the nuts and bolts 

logistics for successfully and safely enjoying the popular Tuolumne River run 

between Lumsden Camp and Wards Ferry Bridge. The core of the text is a 

mile-by-mile river guide featuring useful descriptions of the rapids as well as 

noting key locations for best exploration of the canyon's geology and biology. 

We offer supplementary chapters with in-depth treatment of the Geology and 

Biology of the Sierra Nevada. We cannot resist telling some of the more 

amusing or instructive stories of events that have happened on the river. 

Information about campsites and river management is provided to increase 

awareness of river rules and etiquette. Fishermen are not forgotten; there is a 

chapter by Pat Carr whose writings on the Tuolumne have appeared in 

Angler magazine. 

Rocks and Rapids also serves as a text for Wilderness Interpretation trips 

on the Tuolumne, and as an introduction to the canyon for those who have 

not been there and are interested in river conservation issues. The Tuolumne River Preservation Trust has carried on this work since establishment of wild and scenic status.  Contact the able people there for more information about present conservation issues.  

Last, but by no means least, a guidebook is no substitute for common 

sense and experience. Fortunately, first-timers can take out (up a 50-foot 

cliff) after the first rapid if they should find their equipment or ability 

inadequate for the Tuolumne run. The authors and publishers of this book 

take no responsibility for mishaps caused by the use of information herein. 

The River

The Tuolumne is a grand experience in river-running, and the magnitude 

of reward in river experience is directly proportional to the 

complexity of logistics. This includes getting to the river, preparing 

equipment, the shuttle, navigating the rapids and unique special problems and situations that vary from year to year.  Whether you are a passenger on a 

professionally guided trip, guide, head boatman or private river-runner, the 

logistics of running the Tuolumne are an outstanding challenge. 

Location 

The Tuolumne River courses like a white staircase from the far reaches of 

Yosemite National Park, through the Sierra foothills and flows quietly out 

into the great central valley of California. (see map inside front cover). 

"Talmalamne" is Miwok dialect for a circle of stone shelters, and may also 

refer to the circle of jagged peaks at the Tuolumne's source on Mount Lyell, 

13, 114 feet high on the Sierra Crest. 

This staircase is interrupted twice in its plunge by unnatural objects, at 

Hetch Hetchy Reservoir in Yosemite National Park and at Don Pedro 

Reservoir in the western Sierra foothills. Hetch-Hetchy inundated a valley 

that was the identical twin of Yosemite. In 1906 San Francisco was 

devastated by fire, touched off by chimneys damaged during the April 18 

earthquake. The fire raged uncontrollably for days after the quake because 

the water system was destroyed. The city rebuilt the water system and 

acquired water rights to the Tuolumne. They built 0’Shaugnessy Dam to 

back up Hetch-Hetchy reservoir and provide flow for an aqueduct. The 

aqueduct guides 470 million gallons of water a day to San Francisco and 

supplies a steady stream of sustenance to 800,000 people and businesses. 

The aqueduct incidentally creates electric power along its path at Moccasin 

power house, at the foot of Priest Grade, the steep stretch of road you have 

to climb to get to Groveland from Oakdale. John Muir and the fledgling 

Sierra Club vigorously fought this project, and lost. 

Don Pedro reservoir flooded the end of the Tuolumne run in 1975. It 

provides irrigation water for the Modesto-Turlock area. Rich farmland 

provides an economic base for this portion of the Great Valley. 

The Permit System 

The permit system is designed to insure that the Tuolumne run stays a 

high-quality wilderness experience. Limitations on numbers of people are 

aimed at avoiding the crowds typical of other rivers. 

Professional outfitters, listed in the back of this book, hold permits issued 

by the U.S. Forest Service (USFS). Outfitters pay a fee to the USFS for each 

user-day (one passenger for one day). A portion of these fees is returned to 

Tuolumne County for roads and schools. Professional guides have to run the 

Tuolumne three times without paying passengers at different water levels 

and must hold Red Cross first aid and cardio-pulmonary resuscitation cards. 

Outfitters have very good equipment and lots of experience so the margin of 

safety is very high. Professional groups are limited to 23 people, and two 

outfitters can put in a trip each day. Typically, professional trips include 

shuttle service in a van and all equipment and food on the river. This is the 

way to go for an exciting vacation, everything taken care of. 

Non-professional use also requires a permit, called a private permit, for 

groups who share expenses during the summer season; these can be obtained by phone, mail, or in person from the local Forest Service station (P.O. Box 709, Groveland, CA 95321; 209-962-7825). Contact them for current permit requirements or see information online at http://www.fs.fed.us/r5/stanislaus/groveland/tcover.shtml. 

Their office is at the USFS Groveland center, just east of La Casa Loma store, about 10 miles east of Groveland on route 120. 

The people there are very helpful; the staff will be glad to answer any questions about campsites, water level and condition of the Lumsden put-in road. Currently, 

the private permit system is for planning, advisory purposes, and resource 

protection. In the future increasing private use may result in restrictions 

designed to spread out the use over time to avoid crowding. 

If you are considering a private trip, be aware that the Tuolumne demands the utmost from equipment, strength, and boating expertise. At minimum, it 

is definitely a, class IV descent on the river difficulty scale: extremely 

demanding at all water levels. At high water it is class V, requiring teams of 

experts in top condition. The river is always full of surprises, and even 

veteran boatmen hold the highest respect for it and tell many tales of mishaps 

on the Tuolumne. If you have mastered the American River and are in top 

shape, with professional-quality equipment, then you might think about 

running your own trip on the Tuolumne. 

Shuttle: Getting To The River 

The best approach to the put-in road is 7.5 miles east of Groveland on 

Highway 120. Turn left on Ferretti Road at La Casa Loma Store. This is the meeting 

place for boaters of the Tuolumne. Last-minute supplies such as beer, 

guidebooks, and river information are available here, or in Groveland in the shopping center on the left at the east end of town. Refer to the fold-out map at the back of this guide for locations. 

The USFS authorized shuttle service is run by Sierra Crest Tours. Phone contact at 209-962-7245 to reserve a shuttle driver. Shuttle rates and logistics are always in a state of flux, so call well ahead.  

If you run your own shuttle, plan on at least three hours round trip 

Vehicles left at the take-out at Ward's Ferry Bridge are frequently vandalized 

or burglarized at night during the summer, so it is best not to leave an  unattended vehicle overnight. 

The Lumsden Road 

One mile from La Casa Loma on Ferretti Road, just past a cattle guard, the 

dirt road to the right leads to the put-in. The road is frequently impassable in 

wet weather because of mud or landslides, and chains or 4-wheel drive may 

be required. Contact the USFS in Groveland for current road conditions. Be 

careful; see the River Log for further description. Lumsden campground is 

next to the river, five miles down near the put-in. Because of the length of the 

shuttle, it is a very good idea to camp at Lumsden if you are doing your own 

trip. Vehicles should not be left in the campground while you are running the 

river. 

General Logistics of Running the Tuolumne 

The challenge of planning the river trip is now before you or your guide. 

Water level is the first consideration. For purposes of this guide, the following 

terms apply to ranges of water flow, measured in cubic feet per second (cfs) 

flowing past an imaginary plane across the river: 

very low water, 300-700cfs: common in summer on Sundays and holidays

Low water, 700-1100 cfs: normal daily flows in summer and early fall

Medium water, 1100-2500 cfs: normal flow between storms in fall.

Medium high water, 2500-5000 cfs winter, and early spring 

early and late spring snowmelt flows, and storms

High water, 5000-9000 cfs: spring snowmelt flow and intense storm flow usually during a three week period between mid-May and late June; may extend to July in 

wet years.

Flood stage, 9000-plus: peak snowmelt or warm rain on snow four to six days per year in high water period. 

Water level may fluctuate rapidly during storms or on spring days as snow 

melts in the High Sierra. The 800 cfs power release flow from the Cherry 

Creek powerhouse, nine miles upstream from put-in, is the cause of daily 

fluctuations in summer and fall. The water surge progresses slowly 

downstream; it rises at the put-in at 9:00 to 10:OO a.m., but will not come up at 

Clavey Falls, six miles downstream, until noon; and at Big Creek, 13 miles 

downstream, until 2:00 or 3:00 p.m. Information on flow can be obtained from the website  dreamflows.com or at the staff gauge at put-in. 

Remember, at any level the Tuolumne is full of surprises and unexpected 

disasters even for seasoned, battle-scarred veterans. The run is best 

described by the word "technical", demanding constant shifting in course to 

avoid obstacles. It is best to plan for survival: if you plan a one-day private 

trip, do so only during medium and high water, and carry a few sleeping bags 

and granola bars just in case you don't make it. 

The Tuolumne at Different Levels 

At summer medium low water a two or three-day trip is a chore, but possible. A 

misadventure, like wrapping a boat around a rock may force that extra day. 

At this level the run is best viewed as a very tight rock slalom: you must 

choose rocks to bounce off. Self bailing Boats with tubes protected by wrap-up floors are a definite plus. You must watch your downstream oar constantly, and keep it high or it can jam on a rock and belt you in the stomach or break. You 

constantly have to ship oars to avoid large rocks. A spare oar is not only 

required, it is necessary; tie it on very securely and have it quickly accessible 

on top of your tube or it can smash on rocks. You will not regret taking two 

spare oars. 

The river gradient or slope averages almost 60 feet of descent per mile in 

the first 6 miles of this run. The average gradient is 37 feet per mile for the 

entire 18-mile stretch. 

At very low water, you push off rocks, rather than bounce. One or two 

people are frequently in the water, pushing off. If you must, run light, small 

oar boats, kayaks or paddleboats at this level, it is best to avoid running on 

Sundays and holidays during the summer during low flow if you want an 

enjoyable trip. 

The Tuolumne at medium to high water presents totally different 

problems. Above 1100 cfs as the level rises, the rocks start disappearing and 

runs are relatively clear. As rocks disappear, holes appear, turbulent 

depressions in the water surface created by water flowing over rocks, 

descending sharply. Between 2500 and 4500 cfs, however, the river becomes 

a fast-moving hole-dodging challenge, with long stretches without eddies. 

Medium high water is considered very demanding. Flip lines on rafts are a 

good idea, and one should plan for an upset. You will run big holes, and need 

to push or pull out of them. Eight rafts flipped on a busy July Saturday in 1982 

at that level. Rescue is best accomplished when boats wait for each other. 

Wet-suits or dry suits are a necessity on high-water trips for comfort and safety to prevent hypothermia. 

Above 5000 cfs (high water) many holes become washed out, those that 

remain are awesome; the currents are treacherous and a small mistake will 

mean a flip and a long swim. Eddies are few and far between, and the river 

runs so fast that rescue is difficult. The river should be run only by experts 

who have both big-water and technical experience. Generally, professional 

outfitters do not run with passengers above 8000 to 10,000 cfs. Eddy lines 

become violent walls and there are very few eddies between put-in and Indian 

Creek 13 miles downstream. 

The USFS will check equipment and experience of anyone putting in at 

medium or high levels. Take their advice: consider the Merced or American 

River if the Tuolumne rages too high for your equipment and experience if 

you are running a private non-commercial trip. 

Campsites 

The USFS designates the campsites and logs their use. The rule of thumb: 

select and request a campsite that fits the size of your group; use only your 

assigned campsite especially during crowded weekends. Check with the 

River Patrolman and other groups on the river. The USFS will recommend 

campsites on your permit as a guide to uncrowded areas. The tradition is to 

respect the campsite choice of groups ahead of you on the river. Sharing 

campsites detracts from the group process on the river and should be 

avoided. USFS designated campsites are shown on the map in this guide and 

are described in the river log. Several large choice sites are reserved for commercial use during the summer season to accommodate large groups.  Check with the ranger or sign at the putin to see these sites. They change every year, so best to check ahead.  

The Log Jam 

This was one of the most unusual problems on any river. In the winter of 

p@ 1980, a warm rain on snow high in the Sierra caused a huge flood carrying 

driftwood down the river to Don Pedro Reservoir. High water floated old railroad ties, telephone poles, logs and other debris which had long rested on the sides of 

the canyon; logs 20 to 30 feet long and one to three feet in diameter formed 

a mass 15 acres in surface area. The jam was held together by downstream 

current and the upstream prevailing winds in the tight canyon where the river 

meets the lake. 

The log jam was a great source of frustration for river-runners in 1980 and 

1981. Getting through the log jam at the end of an idyllic trip on the Tuolumne 

was a gruelling physical nightmare. The best method was to use “grovellers” 

people in wet suits hanging out over the front of the boats, pushing logs out of 

the way. Then with one person on each oar, a train of rafts could move, inch 

by inch, through the jam. Wood oars would abrade, jamming into and pulling 

on the larger logs to the side. 

An infamous SNAFU trip, true to our name Situation 

Normal all Fouled Up, got to the log jam at dusk. We spent 

three hours ln the dark pulling every muscle trying to get 

two rafts through this mess. We succeeded, and heard 

stories of other trips camping on their boats in mid-jam, or 

hiking out and returning in the morning to negotiate the 

mess. 

The Take-Out:

The North end of Ward's Ferry Bridge is the standard take-out, another 

physical challenge. When the reservoir is full you must haul equipment up the 

rough road to the bridge. At low reservoir level you must first climb a steep 

trail. A concrete wall near the bridge stops vehicles and is a formidable 

obstacle for transporting rafts. During the very unusual 1981 low lake level, 

the take-out became a 400 yard climb with 150 feet of elevation. During this 

time many professional outfitters towed boats out to Moccasin Point, the 

nearest road access at reservoir level four miles down the canyon. Boom trucks are used by most outfitters now to lift loaded rafts up by a crane to the bridge. Some private boaters also have these rigs, and occasionally private boaters can rent a lift out.  The nearest refreshment supply is in Groveland, or Big Oak Flat nine miles to the south. 

Plate I . Tin Can Cabin from Lumsden Road. 

R. Valentine Atkinson 

LUMSDEN ROAD 

This barely improved dirt road was originally a trail constructed during the 

1890's by David and James Lumsden. It provided access to water projects 

which served mines downstream with water from the South Fork Tuolumne 

River. The trail was improved partway into the canyon for vehicle access to 

the Hetch Hetchy Adit 8-9 Camp in 1916. This adit is a horizontal tunnel 

which connected with the main aqueduct tunnel deep in the mountain. 

Supplies were brought along the Hetch Hetchy railroad, which went by La 

Casa Loma, and were transferred by truck to the adit. The road was 

completed to the put-in area five miles down, and beyond to Jawbone Ridge 

during the depression of the 1930's by the Civilian Conservation Corps. 

The road crosses a rolling upland surface beginning at Ferretti road one 

mile from Highway 120. This upland is at about 3300 feet elevation studded 

with pine and oak. The landscape was formed as a low-relief undulating plan 

after 100 million years (my) of erosion following the major Nevadan Mountain 

building event 140 my ago. Large sluggish rivers meandered over this 

landscape, depositing gravel and sand on the eroded ancient bedrock. These 

gravels contain large amounts of concentrated placer gold, and thus are 

called the Auriferous Gravels. Beautiful exposures of these gravels are found 

to the west of Lumsden Road, on a small dirt track about 100 feet downhill 

from the intersection of Lumsden Road and Ferretti Road. Layers of gravel 

and sand can be seen in this area, ancient river channels freshly exposed by 

hydraulic mining in the late 1800's. 

This area is an excellent place to stop if you have time before descending 

into the steep canyon below. 500 feet under you, San Francisco's water 

supply runs through the Hetch Hetchy aqueduct tunnel blasted 13 feet in 

diameter through the rock. 

The road descends gradually to a spectacular viewpoint of the Tuolumne 

canyon in 0.6 miles. This is a good place to drink in the view of the river 

canyon to the high Sierra (Plate 1). Jawbone Ridge is directly across, 1700 

feet below is the sandbar at Tin Can Cabin site on the river. The steep, 

resistant ridges here are developed on hard quartz-rich layers in the bedrock. 

These started as layers on the ocean floor 230 my ago and were changed by 

heat and pressure to vertical slabs during mountain-building activity. 

Looking across Jawbone Ridge, you can see the steep cliffs of the Clavey 

River canyon, a major tributary to the Tuolumne. High on the cliffs on the far 

side of the Clavey canyon you can see blue-gray blocks of limestone. One 

block has a black hole in it; this is the "Eye of the Alligator” cave. Accessible 

by a steep hike from the Tuolumne at Clavey Falls, this cave has a cool blast 

of air during the summer and many Miwok Indian grinding holes at the 

mouth: a spectacular site for doing the hard work of survival in the Tuolumne 

canyon. This cave is visible only from here and from the pool at the Clavey- 

Tuolumne confluence. 

The biologic signature of water and sunlight is laid out on the cliffs below. 

Sheltered from the sun on the north-facing slope, on this side of the river, tall 

Ponderosa pines abound. Blasted by the summer sun, on the south-facing 

slope on the far side of the canyon, craggy blue-needled valley pine and 

sparse oaks survive in open grassland. In gullies and along the banks of the 

river, thick leaved plants and trees bathe roots in year-round water. This 

vegetation pattern sets the scene for the ecology of the Tuolumne canyon. 

The road is steep and rough as it descends into the canyon. The road 

descent is similar to the river descent; it requires expert technique. Unnamed 

tributary streams are replete with waterfalls in spring and you can see 

awesome drops into the depths of this immense canyon. 

Great care should be taken on this road, and following ancient common law, descending traffic yields to uphill traffic. Stay in your vehicle as you descend; a boatman hanging off the uphill side of a truck was rolled against an outcrop in 1982 and was injured severely. The 8-9 Hetch Hetchy adit road takes off on the left) 1 mile down. About halfway into the canyon, the road becomes sandy and smoother the result of a radical change in bedrock composition to granite. The granite here is more homogeneous and actually breaks down more easily than the 

layered rocks uphill, so your ride is smoother. The sand comes from the 

physical breakdown of the granite into individual crystals by the processes of 

frost-wedging and expansion of micas in the rock when they are soaked with 

water. This expansion wedges the other crystals apart and breaks down the 

rock to granite sand or "gruss." The micas turn to clay, and the road to slick 

mud during rainy periods. 

Through the trees you can catch glimpses of major rapids of the 

Tuolumne. However, don't waste your time trying to evaluate the rapids; 

your perspective from the road is completely different from that at river level. 

There is a spectacular view of the first rapid below the putin from the road: a 

grandstand for cheering on the first boats down.

THE PUT-IN:

The put-in area designated by the USFS at elevation 1420 is on a steep 

jumble of boulders, gravel and tailings from the 5-6 Adit of the Hetch Hetchy 

aqueduct tunnel, 900 feet up the canyon wall. Meral's Pool is here, named for 

Gerry Meral one of the first people to kayak the Tuolumne and a crusader for river preservation. The put-in area is down rough, rocky trails from the road. Recently the USFS has widened the road here, so there is plenty of room. A Forest Service ranger is sometimes here to check permits and equipment. Information on the river 

level is available from a US Geological Survey staff at the upper end of the 

put-in area, and a key to the gauge to infer flow volume in cubic feet per 

second is posted below the road. 

Lumsden Campground is 0.1 miles further up the road) on the left. This 

area is open and studded with oaks and huge boulders. The low slope toward 

the river is most likely the result of huge flash floods from the steep side 

canyon of the South Fork Tuolumne River, which joins the main fork another 

0.2 miles upstream. This surface is actually a huge fan built up by large floods 

during the Pleistocene glacial period two million to 1O,OOO years ago, when 

heavy rains and melt water from glaciers higher up in the Sierra coursed 

down steep tributary canyons. The main canyon of the Tuolumne River was 

gouged by the rushing waters of the Pleistocene period also but it has a much 

larger drainage basin than the South Fork and with a lower gradient. 

If you have the time, a trip up to Lumsden Bridge to the 

cascade called Lumsden Falls is worth the effort. One kayaker, who thought 

he was dying from rabies, attempted this run and ended up swimming most of 

it and somehow survived. The take-out for the Cherry Creek or Jawbone 

Canyon run is upstream from Lumsden Falls. This run is a legendary experts only 

kayak and raft run. It is definitely class V, for teams of experts in top 

condition. Marty McDonnell of Sierra Mac River Trips has been running professional trips on this stretch in self-bailing rafts on an experimental basis with an excellent safety record. 

The stretch between Lumsden Bridge and Lumsden Camp is class IV and was used by Sierra Mac River Trips as the film site for the 

Grade-B TV whitewater classic "Death Stalk" in 1976. 

River Log:

This log uses mileage and major rapids as key points in discussing natural 

features, campsites and other points of interest. Directions are referred to as 

right and left as viewed downstream The map in  the back of this guide can be used to locate features. 

Mileage is measured from the South Fork confluence with the Main Tuolumne using dividers on the USGS topo maps. 

Mile: 

0.0 Confluence of South Fork and Main Tuolumne Rivers. Jawbone 

Ridge topographic quadrangle. This is above the regular put-in; however, 

a run down the South Fork from the bridge on the Lumsden Road is possible 

at above 500 cfs. It is rocky and very difficult, a Class 4 to 5 run for experts 

only.

0.3 Meral’s Pool Table Rapid. The Granite ledge at mid-bottom is the pool table.

0.4 Meral's Pool. The regular put-in is on the left. You will be here for 

awhile, preparing for your trip. Take the time to drink in your surroundings; 

notice the granite bedrock which appears as rounded gray boulders. Looking 

carefully, you will see tiny crystals in the rock: white is feldspar) glassy-gray is quartz) and black is hornblende, or biotite mica. Frequently pure white veins of quartz cut across the granite (Plate 2). 

Granite began as molten rock deep in 

the earth; it cooled slowly and formed tiny crystals. The quartz veins were the 

last drops of molten material to crystallize and were squeezed into 

surrounding granite. Gold crystallizes at the same temperature so gold and 

quartz occur together; most gold mines in the foothills are in quartz veins. 

Granite is a plutonic igneous rock, formed deep beneath the surface, some 

work suggests a depth of 10 miles, and cooled very slowly to form crystals. 

Dark' rounded patches in the granite are pieces of original rock ripped off the 

surrounding rock by the intruding mass of molten granite. Notice the 

grinding holes in the granite slabs near the staff gauge; the Miwok lived here 

long before the white man arrived. Also look at the oaks and tall pines, again 

sheltered from the sun on the north-facing slope of the canyon. Watch for 

poison oak underfoot and hiding in the rocks. After a day's ramble on the 

Tuolumne, wash on the beach, back from the river with Fels-Naphtha Soap 

To avoid poison oak's itchy rash. Observe the lush willows, grasses and ferns 

next to the river, replenished constantly by water.

0.5 Harvest Hole, or Rock Garden Rapids. This is the first real test of the 

boatman's skill: it is named for Walt Harvest, who was trapped in a hole here 

for two minutes at flood water, 12,000 cfs. At medium low water the only 

route is very torturous, forcing a quick shift in course from right to left side of the river in the middle of the rapid. The lower-left chute is narrow, with great potential for a wrap. 

On another infamous SNAFU trip, a boat got hung up, 

blocking the channel; the second boat did not stop above 

and flipped under the first boat and dislodged it. The 

passenger and boatman on the second boat had a very 

rocky swim. The oar pins on the flipped boat were bent so it 

was turned into a paddleboat until a pipe was found on a 

beach downstream and the pins straightened again. 

Plate 2. Granite and quartz veins, Meral's Pool

Harvest hole is always a problem; you are not warmed up and have to plunge into a very difficult rapid. Fortunately, just below there is a fine sand 

beach on the right for relaxation. Passengers can walk around on river left easily. If you are doing your own trip for the first time, take a moment to discuss your determination to continue. It does get worse below. If you feel your skill and equipment are not up to the challenge  ahead, a possible take-out is straight up the 50-foot cliff on river left at the base of the rapid. 

A burnt cabin marks the site where Fred Bond and his Miwok Indian wife, 

Viola, lived with a herd of goats and sheep in the early 1900's. They drove 

their stock down the Lumsden trail each spring. The cabin was destroyed 

during the devastation of the Walton Spur Fire, which raged through this 

area in 1949, killing two local fire fighters. 

Harvest Hole is a typical Tuolumne River rapid formed by resistent ledges 

of granite which create a pool upstream. The ledges work like a ribbed mining 

sluicebox, catching gravel and boulders just as a sluicebox catches heavy 

particles of gleaming gold. And, as in the sluicebox, gold is trapped in the 

gravel as well and falls in the calm pools below rapids and boulders. Gold 

panners do well on the Tuolumne, and a small pan is a good addition to your 

gear. 

Large boulders near the bottom of the rapid are hard' layered quartz-rich rock. Geologists call these "chert." The bedrock where these originally lay is found only high on the canyon walls, miles up the South Fork. We must conclude they either slid down the canyon walls or were washed 

down the South Fork by tremendous flooding, perhaps during the 

Pleistocene epoch, two million to 10,000 years ago. 

0.8 Nemesis or Wrap Rock Rapid. This is a very technical rapid; a tight 

slalom at summer water levels. Halfway down through Nemesis where many routes converge is a larqe eddy to the right; a good place to pull over to 

 survey several routes around the large rock midstream. Your choice here is  the lesser of three evils: a chute at the bottom of the eddy that cuts to the left and washes up on a slopinq wrap-rock (Nemesis or Wrap Rock); or two  rocky chutes to the left. Large boulders of chert stud the river below these chutes. You can see veins of light-colored granite on the right. 

0.8 Nemesis or Wrap Rock Rapid. This is a very technical rapid; a tight 

slalom at summer water levels. Halfway down through Nemesis where many routes converge is a large eddy to the right; a good place to pull over to 

 survey several routes around the large rock midstream. Your choice here is  the lesser of three evils: a chute at the bottom of the eddy that cuts to the left and washes up on a slopinq wrap-rock (Nemesis or Wrap Rock); or two  rocky chutes to the left. Large boulders of chert stud the river below these chutes. You can see veins of light-colored granite on the right. 

1.3 Sunderland's Chute Rapids. Named for Dick Sunderland, one of the 

early kayak explorers. The Forest Service register is in the grove of trees 

above the rapid, on river right. A rough trail from the register, replete with 

poison oak, leads to some cliffs above the rapid with a view of a tortuous 

route around large boulders and through narrow chutes at summer water 

levels. Large granite boulders on the right at the bottom should definitely be 

& avoided; they become monster holes at high water. This is a constriction 

rapid: the river is constricted between a gravel bar on the left and sheer 

granite cliffs on the right. A series of granite ledges has caught both a gravel 

bar and large, flood-swept boulders. Rapids occur with quick succession 

downstream. The gradient is 80 feet per mile here.  

1.5 Hackamack Hole Rapids. Named after Bob Hackamack, another early Tuolumne explorer who had some problems in the large hole at the bottom. During high water this is indeed one of the most notable holes on the river. There is precious little still water above the entrance to this rapid, making it hard to pull over and bail before plunging into the maelstrom below. At low water, the rapid becomes a shallow technical rock garden with interesting choices of routes at the bottom around three huge boulders. 

A respite in gradient with large granite boulders on the right with many grinding holes.  A good place to take a break.  

1.8 Laura's Rapid. Named for Laura Nash, at 9 years old one of the first children to run the Tuolumne. It is a relaxing riffle, sometimes mistaken for Ramshead. 

2.1 Ramshead Rapid. First-timers should scout on left. Around a sharp left bend the long drop starts, slowly at first and then accelerating into mayhem at the bottom. At medium low water, a large rock in the center of the channel has water boiling over the top, looking like a ram's head and hiding a respectable hole. At high water, one of the biggest holes on the river appears over this rock. This hole flips boats. A large raft was pinned to a rock for three weeks at the top of this rapid during the high water of summer 1982. Several new big-tube rafts flipped in this hole during the same period.

2.4 India Rapids. After a short flat stretch, a brief breather, the channel is thrown to the right by a gravel bar and abruptly back to the left by a hard light-colored granite vein. The rapid is named after India Fleming, a 14-year old when she first ran the Tuolumne during one of the early exploratory kayak runs. She was the first woman to run this river. This rapid is similar to "Bouncing Rock" on the South Fork American River, but on a grander scale. With rising water a pour-over hole appears behind the granite wall, growing more ferocious as the water gets to higher stages. A kayaker tells the story of doing an underwater endo, an endover flip, while stuck in this hole at high water.  

2.6 Phil's Folly Rapids, also called Lower India, or Gumdrop. At low water, an interesting fence of gumdrop shaped boulders at the bottom offers a choice of routes. Many boats have been wrapped around these rocks including Phil Townsend's, giving the rapid its name. An heroic effort is required to pull boats off, usually by lines from the side of the river. A fisherman's trail from the sandbar on the left below leads to Lumsden Road. It is time now to relax, breathe easily, and not worry (too much) about rapids. 

2.9 Contact Rapids. The river enters a moderate rock slalom rapid and crosses the contact plane between granite and the Calaveras Complex. The Calaveras was originally formed on the deep ocean floor as layers of black mud and light-colored banded chert. Chert is really the accumulation of billions of bodies of microscopic silica-rich organisms called radiolaria. These animals live near the surface of the ocean and "bloom" or multiply rapidly when silica-rich volcanic ash falls on the water. When the radiolaria die, they sink to the ocean floor and form layers of chert. These layers have the same chemical composition as quartz, and so are very hard. Chert forms the ledges which create most of the rapids downstream from here. The rocks have been buried, pressured, heated and uplifted from their birthplace environment. The mountain-building that created the ancient Sierra Nevada between 160 and 140 my ago changed or metamorphosed these rocks to schist, argillite and quartzite. The main change is that the rocks acquired a vertical, platy fabric, called "foliation" (Plate 3). This is caused by horizontal compression which squeezes these rocks like a giant vise during mountain building. When the river cuts across the foliation planes, it encounters many different rock types including the large masses of hard chert, which causes the major rapids. When the river flows parallel to foliation, it has a lower gradient, or slope, as in the stretch below Tin Can Cabin just downstream. Many waterfalls course down cliffs in the stretch below during wet-weather runs. 

3.4 A beautiful white quartz vein cuts the dark mudstone in the Calaveras on the left. Such veins are prized by hard-rock miners for their gold content. 

The gradient slacks off here, so small rapids or riffles predominate for the next several miles. 

3.7 Tin Can Cabin site on left. This USFS designated campsite is best for small groups. There are several mines up the gulley on the left and, exploring the area, one finds many mining artifacts. Please leave them undisturbed as all are of historical interest. 

Downstream, the river turns abruptly to the northwest, parallel to the foliation, and the gradient decreases. An old cabin used to stand here; all that is left are some pieces of the tin roof. A fisherman's trail leads up the gulley on the left to the Hetch Hetchy 8-9 adit site and a road leads from the adit 0.2 miles to the Lumsden Road. This is the area visible from the viewpoint on the Lumsden Road 1700 feet above. The biologic effects of north- and south-facing slopes can be seen from the river here. For a more detailed discussion of this area's biology, refer to the chapter by Peter Pressley in the Natural History section of this guide. 

3.9 Ledges on the left show a mixture, or "melange," of light chert pebbles in dark mudstone. This mixture forms as the original layered rocks, while still soft sediments, slide down sloping sections of ocean floor like underwater landslides. "Melange" is from the French for mixture. Many examples of this pebbly mudstone are seen here and on the Clavey River. 

4.7 The Squeeze, or Stern Rapids. A large block of chert borders a 

narrow cliff-bounded chute on the far left, the only clean channel at medium 

low water. There is great danger of a boat being jammed in at an angle. Since 

oars easily jam under the boat, causing great consternation, a common 

practice is to enter backwards, hence the name "Stern." It is even more sane 

to enter on the middle right and take your lumps on the boulders and narrow 

channels there. These rapids were formed by monster chert boulders caught 

on some chert ledges. 

5.1 Evangelist Rapid they make a believer out of of you. Chert blocks 

on ledges form a tortuous drop. The right channel leads to

an undercut rock, definately a place to avoid. 

This rapid is also called "Pots and Pans" by old-timers of 

Tuolumne history. Bryce Whitmore lost a bag of pots and 

pans here on an early raft trip. He camped at Indian Creek 

and was wondering what to do about containers for dinner 

when a bag full of pots and pans which were not his came 

floating down the riuer. They cooked dinner and were just 

sitting down to eat when some bedraggled individuals 

staggered into camp, telling horror story of flip in Clavey 

Falls and loss of everything, including their pots and pans. 

The only bright spot in their day. after a rugged hike from 

Clavey, was dinner from their own pots and pans. 

The low sloping ledges on the right have exposures of light gray granite 

veins cutting the chert layers. 

5.4 Framecrusher, or Bent Thole Pin. A steep, boulder-studded 

chute through chert ledges can cause obvious problems. At 

undercut rock at bottom left has caused grief for many frames and oar thole 

pins. 

5.8 Clavey Falls Rapid.  Clavey rivers enters on the right, one of the

most beautiful spots on the Tuolumne River. There are three USFS 

designated campsites here. A large site is upstream of the Clavey on the right, may be reserved for commercial trips.  

Below the confluence and upstream from the falls, are small rocky sites

on right and left banks. In case of overflow there is a 

for a small group 0.1 mile downstream of the falls, on the right 

A short hike on the right below the Clavey Confluence brings you to a commanding 

view of Clavey Falls and Clavey Hole. But the rapids are only a part of the 

area's beauty. 

A short hike up the Clavey will bring you to a paradise of waterfalls, 

swimming pools and warm, smooth rock slabs. This is also a 

perfect spot to investigate the geology and biology of the area. Be careful if 

the water is high here; do not try to cross the stream as it is extremely 

dangerous. 

Smooth slabs expose cream-colored bedded chert (Plate 4) and boulders 

with crumpled chert layers (Plate 5) at the mouth of the Clavey. Just 

up the left bank, remember that means facing downstream, are some large 

Plate 4. Cream-colored chert layers, Clavey River. 

Plate 5. Folded cherts, Clavey River. 

slabs with beautiful exposures of melange formed by those submarine slides 

(Plate 6). A craggy low outcrop with a small Digger Pine above these slabs 

features the most spectacular geological find in this canyon. This is the 

Clavey River fossil locality; it contains the only large fossils in the vast 

expanse of the Calaveras. The fossils are horn corals, a type with a long slim 

round structure flaring out at the top (Plate 7). These lived in a shallow warm 

sea between 300 and 225 my ago. Several blocks of the coral-rich chert and 

limestone tumbled into a deep ocean basin and became mixed with the chert 

and mudstone forming there. The fossils were squeezed during mountain 

building, and now have an oval structure instead of their original round 

shape. The typical radial internal structure can barely be seen because they 

have been compressed by heat and pressure. 

The underwater biology here is complex and beautiful. A mask and 

snorkel can open a whole new world of rocks, fish and insects in the warm 

water. Peter Pressley's essay in the biology chapter explains the underwater 

world of the Clavey River. 

Clavey Falls Rapids is probably the steepest and most difficult rapid 

on this Tuolumne run, causing more problems than any other. Indeed, the first 

exploratory raft trips run by Bryce Whitmore considered it unrunnable, 

although most early kayak trips ran the falls on the left. Noel Debord made 

the first kayak run of the Tuolumne in 1965, a solo run; and carried 

around the falls. According to the account in “The Big Drops” by Collins 

and Nash, on July 20, 1969, India Fleming and a Sierra Club group 

were the first to run Clavey Falls; they did it in kayaks, and entered on the left 

side. However, the first raft run, by Helmut Donner, Henry Miller and Rod 

Kiel in 1962, portaged around this fearsome drop. Bryce Whitmore lined his 

rafts through in 1969. Rod Nash and Robert Collins were the first to run the 

falls in rafts, in 1970. Collins and Nash's description in The Big Drops 

eloquently describes their run: 

"we decided to portage and walked back to where 

the boats were tied. But our minds continued to churn, and 

as we reached the boats we turned to look back 

downstream to where the Tuolumne vanished into the 

space above Clavey Falls "Why not?" we thought simul- 

taneously After all, we had come to run, not walk, the 

Tuolumne, and it was precisely challenges like this that 

had brought us to wild rivers in the first place 

Once we were committed, the run went smoothly 

enough It was unnerving above the falls, slaloming through 

random rocks, aiming for a chute we saw only in our 

memories. At what seemed like the last possible second, 

the chute opened ahead of us. For a moment we hung 

poised on the brink Then, unbelievable speed. The rocks 

we had studied from shore for so long went past In a blur 

Ahead was the cllff: we leaned on the ten foot oars, not 

really rowing but straining, in a kind of isometric exercise, 

against a constant force. Even so, one boat glanced off the 

rock wall. The beauty of inflatables is that they bounce 

rather than shatter or dent, and this time we won the 

billiard game between rubber and rock. Rebounding off the 

cliff, the raft spun into perfect position for the huge hole. It 

seemed much larger on the river than it had from the shore, 

but there was a thread of water- moving through the 

reversing wave. We adjusted to hit it square on; then, with 

Grand Canyon instincts, we pushed with the oars to 

increase the raft's momentum going into the hole, thus 

giving it a better chance of popplng through. It did , but 

knee deep in water, and there was no time and no one to 

bail. We struggled to keep the unwieldy craft facing 

downstream as we plowed over and through the lower 

waves and ledges. In one sense the weight was a blessing - 

a boat carrying an extra ton of water has a low center of 

gravity and is very hard to flip. In landing such a heavy boat, 

however, you pay the price. Only after several abortive 

attempts could we make the raft stick into a semblance of 

an eddy along the right shore, leap out of it , take a turn with the 

bow line around a rock, and notice our hands shake as we 

tied up. " 

The rapid is in two parts: an upper falls on the right (Plate 8), and a boulder 

garden on the left. Both routes funnel into the Clavey Hole, a nasty pour-over 

at medium low water, and a huge wall of water at high water. The hole is 

bordered on the right by a small rock, covered at high water with a peak called “Gunsite rock”. Further right of this rock is an elegant route to sneak around the hole. Unfortunately, just below the sneak is a huge rock known in infamy as "Dinosaur Rock" because of its sharp, finned appearance which you have to avoid. 

Many words have been passed around about 

this rapid, and it is best that the boatman make up his or her mind about a 

route when the level and dangers can be appraised on the spot. No matter 

how well thought out, your plan can be instantly destroyed in the falls by a 

lost oar or sudden spin off a submerged rock. Best to be in conscious 

expectation of the unexpected, with oars high to prevent snagging as you go over, and prepare to be out of control. There are about four seconds above the hole to recoup your losses, resetting an oar and getting in a few strokes. 

After a flip or an insane tangle with the hole, inevitably someone or 

something gets caught in "Rattlesnake Eddy" below the hole to the left. 

Marty McDonnell was crawling out of the water here after investigating the hole in an experimental craft and was confronted by a rattlesnake swimming in the same 

eddy. The snake had obviously not fared much better than Marty during his run of Clavey; they parted company with a new respect for Clavey hole. 

It is difficult to get out of this eddy, and many times an exit route on foot 

over the cliffs downstream has been required. 

The Clavey River is a very important factor in the formation of these 

rapids. It has a huge drainage area and many times can flow higher than the 

Main Tuolumne. During the historic 1937 flood it contributed 60,000 cis to 

the main river. 

Plate 7. Horn coral fossil, Clavey River. 

Plate 8. Bob Licht descending Clavey Falls 

In February 1982, Peter Ryan and some friends were 

recovering from a flip above Clavey on a high water trip. 

They approached the falls from the left bank on foot. The 

Clavey was running so high that there was an impassable 

wall of water on the eddy line from the Clavey stretching 

across the main river. They decided that discretion was in 

order and hiked out on an old mining trail up the left canyon 

wall, which connects to the Hamby trail just downstream. 

They did not return to compiete the run until the water 

receded. 

These high flows carry huge boulders into the main river. There they hang 

up on one of the largest ledges of chert in this area. This ledge forms the 

round rock on the right at the top of the falls; a great viewpoint for the action. 

On this ledge above the hole, you can see a series of cross-cutting granite 

bands and dark basalt bands or "dikes" (Plate 9). These are intrusions of 

molten rock which cut the light-colored chert of the Calaveras. The dark 

basalt is from iron-rich molten rock, formed 160 million years ago as the area 

of the Sierra Foothills was rifted apart by tremendous tensional forces of an 

unknown origin. Recent research indicates this event occurred all along the 

Sierra Foothills. Notice the Y-shaped dike in the cliff across the river . 

upstream from the hole; this was formed as molten rock split into two 

different paths.

The Clavey confluence has a colorful human history. Miwok grinding holes 

above the confluence and at the Eye of the Alligator cave up the Clavey 

canyon attest to a community of hunters and gatherers before the white man 

arrived. The Clavey family homesteaded and grazed cattle in the Dodge Ridge 

area, up above the Clavey River, around the turn of the century. 

The Clavey River was a water source for the Tuolumne powerhouse 

downstream on the main Tuolumne River. A wooden flume stretched from 

Hunter Bend, four miles up the Clavey, to the powerhouse. The names of 

workers on this flume are on the wall of the Eye of the Alligator. Traces of these flumes can be seen on the right wall of the canyon. A second 

flume was constructed in 1904, just upstream from the confluence. From 

Quilty Ridge Mill, 2400 feet above, lumber for this flume was sent roaring 

down a slide into a pond with a spectacular impact. According to Carl Rust, a 

piece of bull pine split and sent a wood projectile through the arm of young 

Jim White. First aid consisted of stuffing the hole with rags. After three days 

of pain and steady deterioration he was transported down the flume on a boat 

to-the powerhouse, where his arm was amputated by a doctor from 

Groveland. Jim White went on to serve as the Tuolumne County tax 

assessor for 55 years, and lives today in Monterey.

Charles "Sister" Jones had a high squeaky voice, giving him his name. He 

had a gold claimi above Clavey Falls on the left in the early 1900's. The claim 

was worked during the 1930's by Alexander Klimas, who built a cabin and 

lived here as an escape from the world. 

6.1 Son of Clavey Rapids. There is a small, rough USFS designated 

campsite on the right. This rapid had a towering back-flipping wave across 

the river when Peter Ryan looked at it during his hike out. 

6.3 The Hamby Trail. A mining trail leads up the south side of the canyon 

here. This is the Hamby Trail, built by the CCC in the 30s; it leads to Ferretti Road, three miles east. 

Two local residents, Melvin Belli and Harry Cobden, 

were law students in 1927 when they tried to take a log raft 

down the Tuolumne. They had goldfever and were headed 

to stake a claim at the Clavey confluence. They bumped 

and pushed their boat down to the Clavey where, starving 

and exhausted, they hiked out on this trail to Groveland. 

These early explorers went on to become illustrious 

lawyers. 

6.4 Enter Groveland 7-minute topographic quadrangle. Butcher Knife 

Ridge is on the right. 

7.4 Enter Tuolumne 7-minute topographic quadrangle. This calm pool is 

one of the longest and deepest on the river, followed by short rapids. 

7.5 Powerhouse Rapids. Several large blocks of chert form a narrow 

chute at low water. 

Plate 9. Dark basalt cutting light-colored granite 

The 1973 SNAFU trip found that a 10-man raft would not 

fit through the narrow center chute at Sunday low water. It 

remained stuck until the boat filled with water, sank and then surfaced again downstream. 

Below the rapid on the right is a beautifully folded white quartz vein. These 

folds formed from immense pressures applied -slowly, deep in the earth 

during mountain-building activity. 

7.7 Limestone Block. The blue-gray streaked and pitted cliff on the left is 

a block of limestone in the Calaveras Complex. This type of rock forms in 

shallow seas and probably slid into a deep ocean basin, mixing with the 

surrounding deep-water cherts. On the right, dark basalt dikes contain 

chunks or inclusions of light-colored chert. 

7.8 Old Tuolumne Powerhouse on right. Water from Clavey River and 

Grapevine Creek was carried by flumes to an intake pipe or penstock leading 

down to the plant. Built in 1905, the plant, access road and bridge were 

destroyed by the 1937 flood. Downstream on the left, the road was built on 

beautiful stonework with flat slabs of foliated schist from the Calaveras. A 

small USFS designated camp is on the upstream side of the powerhouse 

structure. 

8.3 Grapevine Creek enters on rightin a steep vegetated gully. Sugarloaf Mountain, with an elevation of 3880 feet, is the high peak visible on the right downstream. 

Grapevine Point, elevation 3650, is visible on the skyline up Grapevine 

Creek. The canyon is 2500 feet deep here. A large USFS designated camp is 

on the left. A short hike up the Indian Creek road on the left takes you to a 

horizontal mine tunnel, or adit, which goes back 100 feet, hits a fault line and 

bears left for about 300 feet. The smooth overhanging wall to the left is a fault 

plane which was filled with gold-quartz veins before the miners got to it. This 

may have been the Gold Cliff Mine worked in the early 1920's. Be extremely 

careful investigating adits; rockfall may occur at any time. 

8.6 Indian Creek. A 4-wheel drive road descends from the rim. This 

is the easiest escape route or emergency access to the canyon. At top a 

paved road leads to Pine Mountain Lake Stables. Golden eagles are 

commonly seen here. 

In April 1973 Marty McDonnell organized a trip to 

introduce the river and canyon to Forest Service 

personnel, who were developing a management plan for 

professional use of the Tuolumne River. Boatmen included 

Fred Dennis, Mark Dubois, Chris Condon, Marty, Carl 

Rust and the author on his first trip. It was a miserable day; 

cold and rainy. Bryce Whitmore decided not to run with us 

and drove a vehicle out. As we approached the top of the 

riffle at Indian Creek we saw a sudden motion in the bushes 

on the left, and a deer, perhaps startled by our presence, 

leaped into the river, swam the rapid and ran across the 

right bank. It then ascended the almost sheer cliff above in 

tremendous leaps and bounds. It was soon out of our sight, 

probably eyeing us and wondering what these crazy people 

were doing out on the freezing river. 

8.7 Indian Creek Camp, a USFS designated site. The sandbar on right 

is one of the few large flat areas next to the river. All along the river, the steep gradient and frequent bedrock exposures in the channel indicate that the 

Tuolumne is still actively deepening its canyon. This results in a canyon 

deeper and steeper than those of rivers to the north. At flood stage the river 

bends sharply to the right here, leaving a large, calm eddy on the right. The 

slower water in this eddy allows suspended sand to drop, and it forms the 

sandy beach. 

Below Indian Creek the river lowers its gradient as it cuts through 

mudstone, generally parallel to foliation. There are a few gravel bars here, 

forming riffles. 

9.3 Base Line USFS designated camp, a small one on the right.

9.5 Wheelbarrow camp on left.  An old wheelbarrow here disappeared in the early 80s, probably now in someone’s backyard. 

9.7 Gray's Grindstone Rapids. Cliffs on the right and a swing to the right 

where the river disappears, signal the approach to this formidable obstacle. 

One can scout from a trail over low cliffs on the right. A well-worn steep path 

leads to a perch overlooking the upper part of the rapid. Gray's is divided into 

three parts and is over one half mile long. The first drop is a tight rock slalom 

at medium water and at higher water has a formidable hidden hole equal to 

anything in the Grand Canyon. This part ends at a sharp drop which is a hole 

at low water and becomes a back-curling keeper hole at higher water. 

This hole held a modern 10-man raft in its grip for several minutes in 1982 high water. The raft did endos while the boatman clung to a rock below until rescued. 

The eddy below the hole is a good place to relax, bail and watch the fun. A 

groove cut in the rocks on the right was probably a flume for mining 

operations downstream. The middle part of the rapid is a relatively low gradient 

rock garden. The lower part, marked by a huge chert boulder in midchannel, 

is run on the left in a rock-bumping slide at medium low water and a 

hole-dodging rush at higher levels.  

10.5 Unnamed short rapid cut into slabs of hard chert. 

10.8 Lunch Rapid , Surf City, or Saniflush. The  rapid narrows to a chute at bottom with an exciting hole at low water and 

back-curling haystack-shaped waves at higher levels. The smooth slabs of 

chert above and below are an ideal place for lunch on one-day trips. 

11.0 A train of limestone blocks parallels the river on the right. They have 

an appearance similar to the block above the powerhouse and a similar 

history: they were shallow-water accumulations of corals and other animals 

whose shells were made of calcium carbonate, the composition of limestone. 

These rocks slid into a deep ocean basin and mixed with the chert and mud 

forming there. Later mountain-building processes heated the limestone, 

obliterated the fossils, and formed the gray and white streaked rock we now 

see and call marble. The separate blocks were probably once a continuous 

layer of marble that was pulled apart like taffy, forming a sausage-shaped 

structure called "boudinage," the French word for sausage. 

A rare and peculiar species of snail lives in these blocks; Peter Pressley 

discusses these creatures in the Natural History section of this guide. The 

large, gray boulder in mid-river downstream is granite, washed a long way 

from its home at least eight miles upstream.

11.6 Thread-the-Needle Rabids, also called Chicken Shot. This is one of 

the trickiest places on the river. It has the best reputation for rearranging trip 

schedules. Huge square boulders seem to be thrown like dice into the river. 

At medium and high water there is an easy route on the left, to the left of a 

white and gray streaked block of marble. This Chicken shot route is 

usually there, even at summer medium low water. At low water the only 

reasonable route is a tricky thread-the-needle move just to the right of the 

marble block and back to the left. This is an extremely difficult move to pull 

off with finesse, and the boat usually bounces off of some huge chert blocks 

on the right of the narrow channel. For first-timers, it is best to scout this one 

from the left. There are dozens of horror stories about people getting wedged 

into narrow passages between rocks on the right and center. 

On a recent trip, a party with India Fleming wrapped a 

at on one of these rocks and had to wait until the water 

went down to extricate themselves. They spent an 

unplanned extra day on the river. On a SNAFU trip in low 

water, a paddle boat decided to explore the right passage 

and ended wrapped under an undercut boulder. Only after 

an adventurous individual climbed down the rock and 

punctured the boat was it freed. This was a deflating 

experience as he stood on the boat to free it, and he 

disappeared under the rock with the boat. Fortunately, 

both the boat and the boatman survived this ordeal with only

bruised egos. 

11.8 Driftwood Paradise. There are several campsites here downstream 

on the left, and plenty of wood upstream, left in an eddy at high water. The cliff 

across the river from this camp is a spectacular display of geology. Snow 

white granite, dark chert, blue-gray limestone and cross-cutting black basalt 

dikes are all present. This is also a good place to look at some excellent 

exposures of boudinage in the granite dikes (Plate 10) and basalt dikes on the 

slabs directly across from them.

11.9 Lower Driftwood Rapids. An entrance on the left leads to a 

boulder field below (Plate 11). 

. 

12.4 Steamboat Rapid. A steam engine from an abandoned stamp mill is 

upstream on right, hidden behind blackberry bushes. On the left above the 

rapid, the Hubbard Trail, an old mining trail, ascends to the rim. The trail was 

named for Winslow Hubbard, who filed a claim here in 1874. A poorly preserved 

remnant of the trail leads to the right rim as well. On the left an old

collapsed cabin (now burnted) marks the site where miners lived. Peter Ryan found a delightful poem about life in this canyon here, which is reproduced in the last 

chapter of this book. 

The rapid is a long gravel bar that ends with a large hole in the center. 

rock above the hole throws a wall of white to both sides like the prow of a 

steamboat. Before entering the rapid, look up and observe the jagged white 

stripes running across the cliff ahead. These are granite dikes, originally 

molten rock which flowed into cracks in the cherts of this cliff when it formed 

deep beneath the surface of the earth. The canyon here cuts across hard 

chert layers, creating a steeper gradient. 

12.9 Cabin Rapid. Humbug Creek and USFS desiqnated camnsite 

are on left. There is a collapsed mining cabin in the woods above; the area  

was mined for gold extensively in the 1930's. Here the rapids cut a tortuous 

path with a route generally to the left of a huge boulder. At high water, this 

creates a nasty hole in the center. 

13.1 Hell’s Kitchen Rapid. Big Creek on the left flows from a populated area and is not recommended for drinking. Large USFS designated campsites are on the 

left. The shiny, streaked rocks here are mica schists, which were originally 

mudstones and were heated and changed during mountain-building. This 

area is part of La Preciosa claim, filed in 1912. The area downstream from the 

mouth of Big Creek is still a patent claim owned by Jim White. 

Hell's Kitchen Rapid appears true to its name: a seething cauldron 

made in Hell. The steep, long drop is caused by bedrock chert ledges and 

huge stranded boulders. A tight passage at the bottom left through house sized 

boulders is an exciting rush. Sandy beaches below here are an ideal 

spot for lunch and relaxation after doing the last really difficult rapid on the 

river. 

An old mining cabin in trees on right had a sluice box which extended inside. 

You could eat and sluice gold at the same time, the ultimate in gold fever. The cabin burned in the late 80s. 

A Mining trail crosses the river here and remnants may be seen 

climbing the north wall of the canyon to Paper Cabin Ridge on right skyline. 

The canyon walls  here are striped with thick blue-gray layers of limestone. 

These layers continue to Sonora and Columbia, where numerous quarries 

are sources for the famed "Columbia Marble" that faces many buildinqs in San Francisco today. At river level on the left, thin layers of chert are curved into beautiful folds. 

13.6-14.1  Several moderate rapids. 

14.5  Delapidated suspension bridge, torn down in the late 80s.  This is private property and a rough road descends from Groveland, a possible emergency access. If you are cooked in Hell's Kitchen, you can escape the canyon here. This is the site of the Mohican claim on left and right, and the Mary Ellen claim on left, worked  

from 1855 to about 1966. As many as 65 men worked the Mohican mine. The 

mine workings honeycomb the earth, a tunnel extends under the river. Chert 

forms the steep cliffs here, cut by light-colored granite dikes. The orange 

color is from oxidation or rusting of the iron in the rocks. 

15.0 Enter Standard 7.5-minute USGS topographic quadrangle. 

15.1 Terry and Bob's rock A beautiful bedded chert block in mid-river. 

It is named after two boatmen who wrapped boats on this rock because they 

were too intent on looking at the geology of the area. 

15.2 North Fork Tuolumne River enters on right. This beautiful garden 

spot is definitely worth a hike. There is a small USFS designated campsite 

upstream and a large site downstream of the confluence. The sandy beaches 

downstream on right are also good camps. The old road to Tuolumne City 

crossed a wooden bridge that spanned a steep chert gorge at Devil's Gate, 

0.5 miles up the North Fork. 

15.7 Sunnyside Mine on right skyline. This was a hard rock mine 

worked around the turn of the century. 

16.3 Spring and early summer high water level of Don Pedro Reservoir ' 

Chert bedrock causes steeper gradient here.  

16.4 Russell Telegraph Mine buildings are visible about 600 feet up 

gulley on left. Mining machinery upstream on left was used to pump water up 

to the mine buildings. A hike to Russell Telegraph mine is well worth the 

trouble; it is fairly intact today, after being worked from 1871 until the 1930's. 

All equipment is of immense historical interest and should not be disturbed. 

The mine got its name from the nearby Sonora-Yosemite telegraph line, 

16.6 Turnback Creek on right. The bedrock is chert and marble. A waterfall leaps from a chert ledge.  Legend has it that early miners working up this creek camp upon Indian camps and turned back to the main river.

17.2 The Alps Rapids. A line of huge pyramid-shape rocks represents a moderate challenge. 

17.6 Pinball Rapids is exposed only at very low reservoir levels. Several 

large boulders are caught on chert ledges. Most runs involve bouncing boats off these boulders, thus the name. 

18.0 Ward's Ferry Bridge takeout. The bedrock is mica schist.  The bridge is named for Joseph Ward who operated a ferry here in the early 1850's. He, as well as two subsequent ferry operators, were murdered for their receipts of gold. One of the gulches to the south became known a "Murderer's Gulch" because this area became a hangout for desperados. In the 1870's the operators of the first bridge were murdered and the bridge burned. The bridge foundations can be seen at the take-out. A public bridge was finally completed in 1897 and was replaced by the modern concrete structure in 1971. 
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by Peter Pressley, U.C. Berkeley 

Ecology of the Tuolumne River Canyon 

he following is a brief introduction to the ecology of the Tuolumne 

River Canyon. A thorough knowledge of the plants and animals of 

this region requires a lifelong pursuit, and this short summary can 

only serve as a starter for understanding this area's natural history. It is 

primarily an aid to interpreting the patterns of vegetation and associated 

animal species that are readily observed along the river. At the end is a list of 

selected references and a species list that will help the interested reader to 

identify particular species and learn more about their biology. The science of 

ecology seeks to understand patterns in the distribution and abundance of 

plants and animals. Thus it is a study of the interactions of organisms with 

their physical and biological environment. When considering ecological 

systems it is important to keep in mind that the individual organisms are 

members of populations that have evolved within their biological community 

over a long period of time. This implies that natural selection has operated to 

confer particular traits that improve an organism's chances of survival and 

reproduction. These physiological, morphological, and behavioral traits are 

called adaptations. By incorporating this evolutionary perspective into 

ecology we can better appreciate the biological features of organisms that 

influence their distribution and abundance. 

To understand the plants and animals observed along the river we need to 

consider first the environment in which they have evolved. Because plants 

are the most conspicuous organisms observed along the river, and also 

supply food and shelter for most animals, we will first consider the factors 

influencing the various plant types. Typical of most foothill rivers, the plants 

in the Tuolumne canyon are greatly affected by the regional climate. 

California is often classified as having a Mediterranean climate. This is a wet 

winter/dry summer climate with 95% of the total annual precipitation falling 

between October and May. This alternation of wet and dry is the primary 

environmental factor influencing the plants in the foothills. 

The plants exhibit morphological and physiological adaptations designed 

to reduce water loss and prevent heat damage during the long summer of 

little moisture and high temperatures. The plants have also evolved life 

history patterns that differ from plants in most other regions of the world. 

Foothill plants tend to be most active in the winter and spring. The maximum 

amount of growth occurs in March and April, when the air has warmed up yet 

there is still ample soil moisture. By the start of ,June most of the plants above 

the river have begun to shut down for the summer. Annuals have died, 

leaving resistant seeds behind to sprout the following winter. Perennials are 

becoming dormant, drastically slowing their rates of photosynthesis and use 

of water for the duration of the dry season. 
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Throughout the Tuolumne River Canyon we observe a number of 

different vegetation types. Plant species that are frequently found together 

are grouped into assemblages called plant communities. The plants in each of 

these groupings often display similar adaptations to particular environmental 

conditions. Generally each community represents a zone of vegetation that 

corresponds to a particular elevation. Because of the complex topography of 

the Tuolumne River Canyon those communities typical of lower elevations, 

such as the valley grassland and chaparral, mix with higher elevation 

communities, such as the foothill woodland and mixed coniferous forest. 

The actual physical or biological factors that determine the distribution of a 

species can be very complex and are still unknown for most plants. The 

widest range of distribution of a species is controlled by those physical 

factors, such as temperature or moisture, for which it has the narrowest 

range of tolerance. Biological processes such as competition with other 

species, however, may restrict the range of a species before it reaches its 

ecological tolerance. Despite these additional biological factors there are still 

patterns of community structure that can be explained by certain physical 

factors. 

For the plants in the Tuolumne River Canyon the most important physical 

factor affectins plant distribution is the presence of water. Soil moisture - - 

varies with precipitation, which tends to increase with elevation. 

Precipitation is seldom critical with regard to the higher eievation range of 

plant species, but it is often the principal factor affecting their lower 

elevational limits. Soil moisture is also affected by soil type. Fine soils absorb 

water less rapidly than coarse soils, but they also drain less rapidly. This is 

important in the foothills where soil moisture might not be replenished for 

months during the summer. 

The local topography can greatly affect the amount of soil moisture. Runoff 

is more rapid on steeper slopes, allowing only plants that can tolerate drier 

il to persist. Slope aspect can also influence plant distribution. The 

olumne and other foothill rivers flow westward so that the north side of the 

ubs are winter deciduous, like plants in the western United States, and in 

low elevation plant communities extend further up foothill river canyons on 

the north side than they do on the south side. 

From the previous discussion it should be evident that to understand 

vegetation patterns observed along the river we need to consider the effects 

of water. Water is also an important factor for foothill animals and they have 

developed numerous adaptations to avoid high temperature and drought 

duriummer. Many mammals and reptiles sleep during the day and are only 

active at night when temperatures are cooler. Some species avoid the whole 

summer by going into a torpid state called estivation, which is the 

summertime equivalent of hibernation. Other species such as coyote, 

mountain lions, and deer migrate away from the lower elevations during the 

summer. Those species that stay often have elaborate physiological 

adaptations to avoid water loss. Many small mammals, such as the kangaroo 

rat, can get their entire water needs filled by metabolizing the grain and seeds 

they eat. 

The riparian woodland community that is found directly along the river and 

its side streams is one conspicuous plant community that has not developed 

unique adaptations to the long dry summer, even though its distribution is 

constrained by the presence of water. Moving upstream along the Sierra 

rivers from the central valley to the foothills, the stream canyons become 

progressively steeper and the riparian woodland gets.reduced to a thin 

margin. Riparian plants do not have to contend with summer drought and 

show few adaptations for avoiding extreme water loss. Most of the treesand 

shrubs are winter deciduous, like plants in the western United States, and in 

the winter lose their leaves and become dormant. Perennial herbs are often 

more numerous than annuals in riparian communities because space is more 

limiting and perennials have an advantage by being able to hold their ground 

from year to year. 

The valley grassland community is now almost entirely composed of 

species introduced from Europe. Originally native perennial bunchgrasses 

dominated the grassland. These species have root systems that stay alive 

during the summer. When the first rains fall new shoots develop from the 

roots. The perennial grasses have been replaced by annual species that die 

each summer, leaving seeds that sprout the following year. Many of the 

annual grasses were intentionally brought in to California by Spanish and 

Mexican settlers that used them as feed for Iwestock. Others may have 

accidentally hitched rides on their clothing or animals. The annual grasses 

were already adapted to a Mediterranean climate, and they were better 

adapted than many of the native species to the environmental changes that 

followed the settlers. By the late 1800's overgrazing had given a competitive 

edge to the introduced annual species, which had previously coexisted with 

livestock in Europe. Today up to 90% of the grassland species are introduced 

annuals, and it appears unlikely that the native perennials will return to 

dominance even in areas where livestock have been excluded. 

Chaparral refers to the dense community found in the foothills. Chaparral 

generally grows where there is not enough moisture for foothill woodland 

trees or on soils that are derived from serpentine. Serpentine soils are low in 

calcium, which is essential for growth for most plant species, and high in 

nickel and chromium, which are toxic to most plants. Chaparral shrubs are 

able to tolerate serpentine soils and also the poor soils characteristic of 

limestone outcrops, which are common in the lower Tuolumne River. 

Chaparral shrubs have developed a number of adaptations to prevent 

dehydration during the hot summer. Many species have small, thick, leathery 

leaves which retard dehydration. Because they are evergreen shrubs they 

can begin photosynthesis as soon as the first fall rains occur. During the 

winter, cool temperatures cause them to grow slowly, but with rising spring 

temperatures they quickly flower and set seed. By early summer the shrubs 

are dormant, which reduces water loss through photosynthesis. Many 

species have also developed deep taproots for procuring water during the 

long dry season, and an additional surface root system that can take 

advantage of rare summer rains. 

' In areas with greater soil moisture the grassland or chaparral communities 

are replaced by a foothill woodland community. The particular association of 

tree species found in this community is highly variable, and depends on local 

conditions such as soil, moisture availability, and temperature. The effects of 

livestock grazing and fire control on the woodland community is poorly 

understood but may be important. It has been suggested that with fire 

control the underbrush has accumulated in some places to such a degree 

that if there is a fire many mature blue oak will be destroyed. The interior live 

oak may then become a dominant tree in the foothills because they are able 

to sprout from root crowns and might have a competitive edge following the 

fire. 

For further discussion of the plants and animals observed along the 

Tuolumne River consult some of the references listed below. The paperback 

by Stephen Whitney goes into greater detail about the ecological processes 

occurring in each plant community, and the paperback by Storer and 

Usinger is a useful reference to carry because it identifies most of the 

common plants and animals that are found along the river. A check list of 

common species is at the end of this chapter. 
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orld of the Clavey 

ost river runners who stop at the Clavey River are preoccupied 

with the sounds of Clavey Falls and thoughts of their upcoming 

descent. During the summer months, however, this one of the 

ew areas where the activities of the native fauna can be viewed much as it has 

been for the past few million years. I'm referring to the underwater world of 

the Clavey River. Once the spring runoff has declined and the water 

temperature has risen enough for one to stay comfortably submerged, the 

fishes and invertebrate life can be easily viewed with a mask and snorkel. 

The fish community of the Clavey River at its confluence wlth the 

Tuolumne River is typical of the ancestral condition of foothill rwers. While 

many of the individual species are present in other stream systems, there are 

few rivers in California that still have such a high diversity of native fishes 

without introduced species that have altered the original community 

structure. It is unfortunate that the endangered species laws do not extend to 

the community level, since this would add impetus to protect areas such as 

the Clavey River whose individual species would not qualify for protection 

under current law. 

The interactions between species that have been associated over time in 

an ecological community are essential characteristics of each species' 

environment, and have often molded their behaviors and life histories over 

evolutionary time. Within the Clavey River fish fauna there is evidence for 

these evolutionary responses among the various species. The most striking 

examples of these inter-specific relationships are in the physical 

microhabitats and food types that each species appears specialized to utilize. 

Peter Moyle, in his book lnland Fishes of California, describes these 

relationships in some detail. In the deeper pools, large Sacramento suckers 

spend most of their time on the bottom in slow-moving water where they feed 

on algal films and small attached invertebrates. Large Sacramento squawfish 

mostly stay in slow, deep waters also. They prey on small individuals of other 

species as well as their own young. Adult hardhead, which are in the same 

family as squawfish, also stay in slower waters but feed on aquatic plants. In 

pools where squawfish are present the California roach, a small fish that is 

preyed on by squawfish, stay in the shallow margins of the pools whee they 

feed on filamentous algae and associated insects. Small suckers are also 

found in shallow areas where they seek refuge from predators. Small 

squawfish will station themselves in slow currents, where they feed on 

drifting terrestrial and aquatic insects. Rainbow trout, in turn, will often be in 

the faster headwaters of the pools where they have the first opportunity to 

capture drifting prey. 

Modern ecological theory suggests that these feeding and microhabitat 

specializations have evolved as a response to competition between the 

different species, although predator-prey interactions have probably also 

had an effect. If in the past there was excessive overlap in space or food types 

used by certain species, then those individuals that specialized on particular 

resources would have a selective advantage within their species. Over time 

the species as a whole would converge on this mode of specialization. There 

is much recent debate on whether differences between species have arisen 

as a result of competition or from random processes over evolutionary time. 

One difficulty in settling the debate is that competition often can't be 

demonstrated because evolutionary responses that occurred in the past 

have alleviated it. This leaves us as unknowing witnesses to the ('ghost of 

competition past" as the dilemma has been called by the ecologist Joseph 

Connell. In any event, the pristine condition of the Clavey River stream 

community should be preserved as one of the few natural laboratories where 

scientific questions such as this can be studied. 

Native fish communities such as the one in the Clavey River are very 

susceptible to man's alteration of the environment. California's fish fauna 

has been changed by modifications of essential habitats, the introduction of 

exotic fishes, and the direct effects of fishing. 

Habitat modification has been the major cause of change for foothill 

stream fishes. The first drastic alterations were from gold mining. Heavy 

siltation from hydraulic mining, as well as digging within the stream beds, 

destroyed large salmon runs in the Sierra foothill streams. Next, the dams 

now present on almost every California river greatly altered temperature and 

flow regimes. This has allowed the native trout zone to extend into lower 

elevations, but has also eliminated some native specles of minnows and 

suckers. The dams also blocked upstream and downstream migration, which 

further destroyed the native salmon populations. 

The introduction of exotic fishes, primarily from the southeastern United 

States, has led to the local extinction of many native species. This is 

particularly evident in the Tuolumne River system, where the side streams 

below Clavey Falls have a reduced natural fauna relative to the Clavey River. 

in many of these streams there are exotic species such as green sunfish and 

smallmouth bass. Native minnow species are usually eliminated from 

streams where these predacious species have been introduced. The steep 

drop of Clavey Falls, which could be inundated by proposed downstream 

dams, is probably the main barrier keeping these fishes from invading the 

Clavey River. 

There is another fascinating community in the Clavey River, but it requires 

closer inspection to be detected. This is the assemblage of invertebrates that 

cover the rocks in areas of fast-moving current. Many of these insect larvae 

have developed interesting adaptations for moving about and feeding in the 

swift water. These can often be observed by carefully looking through the 

water surface in shallow areas, although a face mask brings their world into 

view more easily. 

It is important for species that move about the rock surfaces feeding on 

attached algae to avoid being swept away by the fast current. Most of the 

mayfly nymphs and larval stages of other insects have avoided this problem 

by becoming very flattened. There exists an area of very slow water flow 

close to the rock surface, called the boundary layer, where these flattened 

animals can avoid the force of the current. Other species adhere to the rock 

surface with structures on their legs that act like suction cups. 

Another group of inhabitants of the fast water zones remain attached to 

one place. For food they rely on the algae, protozoans, and small organic 

particles that drift in the current. Some have developed elaborate filtering 

mechanisms on their legs or heads. Others, like the net-spinning caddisflies, 

capture drifting food particles in intricate spider-like webs. They can be 

observed picking their food out of the webs and then quickly retreating back 

into their homes that are made of sticks and rocks. 

This has only been a short introduction to an aquatic animal community 

that is more easily observed in the summer than the terrestrial animals, which 

are usually active only at night or in the cooler months of the year. Only a 

brief viewing of this underwater world gives one an appreciation of its 

intricate complexity. Because we are usually unaware of its presence we 

often disturb this community by our clumsy movements in streams. Perhaps 

in the future visitors to the side streams of California rivers will be more 

sensitive and follow trails through streams just as we do in the more 

conspicuous meadows and forests. 

e Tuolumne 

Crawford g 

In the late 1870's some unique land snails were brought to the attention of 

the malacologist R.E.C. Stearns by a Mr. A.W. Crawford of Oakland. 

Crawford said that the dead shells were found near Turlock, and Dr. Stearns 

recognized them as a new species. After publishing his scientific description 

of the new species, Dr. Stearns realized that Crawford's locality was unlikely. 

He made further inquiry of Crawford who then stated that they were found 

near Columbia, Tuolumne County. However, subsequent search by a 

number of professional and amateur shell collectors yielded no sign of the 

snails in this area. 

The reasons for Crawford's secrecy about the location of his snail find 

remained a mystery. He was an expert cabinet maker who would often quit 

his job and disappear for several weeks or months. When he returned to 

work, presumably after running out of money, he sometimes had a load of 

land snails. The labels on his collections usually did not tell where he made his 

finds, and he was secretive about his wanderings. 

Seventy-five years passed with no discovery of the location of Crawford's 

snail, scientifically known as Monadenia circurncarinata. Then in June 1953 

Mr. Raymond de Saussure brought a dead shell to the malacologist Dr. A. G. 

Smith of the California Academy of Sciences. One of the pioneer river 

runners of Sierran rivers, de Saussure was actually looking for a "lost" cave 

when he found on the shell on the steep sides of the Tuolumne River Canyon. 

Dr. Smith recognized the shell's similarity to M. circumcarinata, and a month 

later he, de Saussure, and Dr. G.D. Hanna set out to explore the area. The 

three traveled out to Paper Cabin Ridge and then hiked down to the river. 

From the description of their journey they had a fairly rough hike in the hot 

summer sun, but they managed to collect a large number of dead shells. 

Hanna and Smith published a scientific paper heralding the rediscovery of 

the "lost" California land snail, although at the end of the paper they 

acknowledged enough differences between their shells and Crawford's snail 

to indicate that "they did not come from the exact spot where the original lot 

was found." 

Little more was done with the Tuolumne Canyon's snails until a few years 

ago when a group of river runners searched the canyon for evidence that M. 

circumcarinata might be living. It was hoped that a rare snail species might 

help qualify the Tuolumne River for the Federal Wild and Scenic River 

System under the qualifying clause that the river has unique or outstanding 

wildlife. The California Academy of Sciences expedition found shells in areas 

of limestone outcroppings, so the river runners searched the limestone 

outcrops dispersed on both sides of the river in the lower canyon. For the 

first time living snails were found, probably because it was spring time and still 

moist. On examining the collection of living and dead shells after the trip it 

became clear that the shells from different localities varied in their general 

shape and texture. It became apparent that there was more than one kind of 

Monadenia snail in the Tuolumne River Canyon. 

Since this landmark find of living snails, numerous collecting trips have 

helped to decipher the story of the Tuolumne land snails. As originally 

suggested by Hanna and Smith, Monadenia snails in the Tuolumne canyon 

are found only in and around limestone outcrops. These outcrops are 

exposed portions of the Calaveras formation, which runs from east to west 

as a series of bands in the lower canyon. Because of the erosional patterns 

and meandering course of the North Fork and main Tuolumne Rivers, the 

outcrops have become isolated islands separated from each other by water 

or expanses of grassland. As a result each population of land snails is 

reproductively isolated, and the different populations have diverged in size, 

shape, and surface texture of their shells. 

This unique biological situation in the Tuolumne canyon is similar to 

evolutionary patterns observed in many island archipelagos. The various 

forms of snails probably represent a species undergoing the process of 

differentiation into new species. The various shell types observed may 

represent evolutionary changes that have occurred by chance, or because 

the particular shell forms confer higher probabilities of survival or 

reproduction to individuals in their particular habitat. The relative 

importance of either of these explanations of evolutionary change is a 

question of great debate among modern evolutionary biologists. The 

Tuoiumne Canyon snails may be of significant scientific value for evaluating 

these conflicting hypotheses. 

So far every large outcrop of limestone in the Tuolumne canyon has 

contained snail shells. In many outcrops living specimens have not yet been 

found so the relationship of the different populations to each other have still 

not been worked out. Populations occur as far upstream as the outcrops 

near the powerhouse and Indian Creek, and also in the canyons of the North 

Fork. A closely related form of snail from the outcrops on Baker's Ranch 

overlooking the North Fork was previously found and was named M. 

tuolumneana. It now appears that Crawford's original snails came from the 

area northwest of the confluence of the North Fork and the main river. This 

area experienced a lot of mining activity in the late 1800's, although the 

largest claims nearby, the Mohican, Mary Ellen, and Sunnyside claims, were 

filed after Crawford's collection. Perhaps Crawford's desire to keep the 

location of his mining activity a secret gave rise to the mystery of the snail's 

lost home, which remained unsolved for so many years. 

The Tuolumne snails appear to have developed a number of adaptations to 

their canyon environment. In the late spring as temperatures begin to rise the 

snails climb deep into the fissures of the limestone. Here they seal off the 

opening to their shells and go into a state of torpor similar to suspended 

animation until the fall rains begin. With the first moisture they become active 

again, though only emerging at night. Decreasing winter temperatures retard 

their activities again and they don't become active until spring. Thus the 

snails escape the rigofs of their harsh environment by shutting down all 

activity except for short periods of the year in the spring and fall. 

Their restriction to limestone is probably a result of this continual need to 

escape deep into the earth where temperatures are less extreme. Aside from 

offering these refuges, however, it is also possible that they need limestone to 

construct their calcareous shells. There are other land snails in the foothills, 

however, that are not restricted to limestone areas (although their shells are 

quite a bit thinner). The snails' shells are very flat and appear ideal for moving 

about in deep cracks. The shape may also be a response to their short 

growing season, however, and reflect the need to reproduce before attaining 

the size observed in many other species in the family. These alternative 

explanations are difficult to evaluate but are presently under investigation. 

One remarkable aspect of the Tuolumne snails is their mode of 

reproduction. All adults are simultaneous hermaphrodites, being able to 

function as both males and females. Courtship is a prolonged affair that 

involves hours of ritualistic crawling and biting. Prior to copulation, a 

specialized calcareous dagger is plunged into the partner. The function of 

this mating activity is a mystery to biologists. Simultaneous hermaphroditism 

is generally believed to offer a selective advantage to organisms that live at 

very low densities or are very immobile, both properties being displayed by 

Tuolumne snails. The explanation is that chance meetings with other 

individuals are so rare that a simultaneous hermaphrodite has an advantage 

because it has twice the probability of mating on each encounter as a species 

with separate sexes. One influence of simultaneous hermaphroditism is that 

individuals that rarely mate need to insure that their partner will yield eggs, 

which are more costly to produce than sperm, in return for their own eggs. It 

may be that the elaborate courtship behavior tests a potential partner's 

fidelity and insures reciprocal crossing. These are all new ideas in 

evolutionary theory, and it is hoped that species such as the remarkable 

Tuolumne snails will be with us long enough to shed some answers to their 

mysterious ways. 

TYPICAL SPECIES OF THE TUOLUMNE CANYON 

from Whitney, 1979 

Plants and Animals of the Valley Grassland Community 

Grassland Grasses (annuals) 

Wild Oats, genus Avena 

Soft Chess, Bromus mollis 

Red Brome, Bromus rubens 

Foxtail Fescue, Festuca megalura 

Grassiand Grasses (perennials) 

Purple Needlegrass, Strpa pulchm 

Footh~il Bluegrass, Poa sc-abrella 

Grassland Wildflowers 

Larkspurs, genus Delphinium 

Buttercups, genus Ranr~ncrrlus 

Cutleaf Geranium. Geranitim dissectum 

Meadowfoam, genus Limnanthes 

Wind .Poppy, Stylomecon heterophylla 

California Poppy, Eschscholtzia cal<fornica 

Fringepod, Thysanocarpus curuipes 

American Winter Cress, Barbarea 

orthoceras 

Wild Buckwheats, genus Eriogonum 

Hooker's California Plantain, Plantago 

hookeriana, var. californica 

Canchalgua, Centaurium ventist~~rn 

Milkweeds, genus Asclepias 

Slender Phlox, Phlox gracilis 

Evening Snow, Linanthus dichotomus 

Gilias, genus Gilia 

Baby Blue-Eyes, Nemophila menziesii 

Popcorn Flower, Plagiobothrys nothofiilvis 

Fiddleneck, Amsinckia intermedia 

Purple Owl's Clover, Orthocarpus 

purpurascens 

Paintbrush, genus Castilleja 

Pygmy Stonecrop, Tillaea erecta 

Lupines, genus L~~pinirs 

American Vetch, Vicia americana 

Lotuses, genus Lotus 

Williamson's Clarkia, Clarkia williamsonii 

Long-Spurred Plectritis, Plectritis riliasa 

Common Madia, Madia elegans 

Fremont's Tidytips, Layin fremon tii 

Goldfields, Lasthenia chrysofoma 

Prettyface, Tritelia scabra 

Resident Grassland Amphibians 

Western Spadefoot, Scaphropus hnmmondl 

Western Toad, Bufo boreas 

Resident Grassland Reptiles 

Coast Horned Lizard, Phrinosoma 

coronatum 

Western Whlptall, Cnemldophorus 

hyperythrus 

Southern Alligator Lizard, Gerrhonot~~s 

multrcarinafus 

Racer, Coluber constrrctor 

Striped Racer, Mastrcophi.; iateralrs 

Common Kmg Snake, Larnpropelrfis 

getulus 

Gopher Snake, Pituphrs melanolcucus 

Garter Snake, genus Thamnophis 

Western Rattlesnake. Crotalus vrrrdis 

Resident Grassland Birds 

Mildeer, Charadr~us vocrferus 

Mournlng Dove, Zenarda rnacroura 

Burrowtng Owl, Speotyto cunrc~iluria 

Horned Lark, Eremophrla alpestns 

Western Meadowlark, Sturnella neglecta 

Resident Grassland 

Ornate Shrew, Sorex ornatus 

Broad Handed Mole, Scapanrrs intimanus 

Cal~forn~a Ground Squirrel, 

Otospermophrlus beecheyr 

Valley Pocket Gopher, Thomomys bottae 

San Joaqcun Valley Pocket Mouse, 

Perognathus rnornatus 

Heerman's Kangaroo Rat, Drpodomys 

heermannr 

Western Harvest Mouse, Rerthrodontomys 

megalotus 

Calrfornla Meadow Mouse, Mrcrotus 

callfornrcus 

Some Grassland Visitors 

Turkey Vulture, Caihartes aura 

Red-Talled Hawk, Buteo pmaicensrs 

Golden Eagle, Aqulla chrysaetos 

Great Horned Owl, Bubo urrgrnranus 

Yellow-Bllled Magple, Rca nuttallrr 

Common Flicker, Colaptes auratus 

Gray Fox, Urocyon crnereoargenteus 

Coyote, Canrs lafrans 

Bobcat, Lynx rufus 

Mule Deer, Odocorleus hemronus 

Plants and Animals of the Chaparral Community 

Common Chaparral Shrubs 

Spanish Bayonet, Yucca whtppler 

Scrub Oak, Quercus dumosa 

Interror Lwe Oak, Quercus wrsirzenii 

Leather Oak, Quercus durata 

Chaparral Currant, Rrbes maluace~~m 

Chamlse, Adenostoma fascrculat~~m 

Birchleaf Mountam Mahogany, 

Cercocarpus befulordes 

Toyon, Heteromeles arbutrfolla 

Deerweed, Lotus scoparlus 

Common Buckbrush, Ceanothus cmeatus 

Chaparral Whitethorn, Ceanothris 

leucodermrs 

Calrfornia Coffeeberry, Rhamnrrs 

cal~fornlca 

Redberry, rhamnus crocea 

California Fremontla, Fremonfra calrfornrca 

Whlteledf Manzanlta, Arctostaphylos 

vrscrda 

Bush Monkeyflowers, genus M~m~rlus 

Coyote Brush, Baccharis prlular~s 

Less Common Chaparral Shrubs 

Chaparral Virgin's Bower, Clematis 

lasiantha 

Tree Poppy, Dendromecon rigida 

Bitter Gooseberry, Ribes amarum 

Canyon Gooseberry, Ribes menziessi 

Chaparral Pea, Pickeringia montana 

Squawbush, Rhus trilobata 

California Bladder Nut, Staphylea 

bolanderi 

Fremont's Globe Mallow, Malacothamnus 

fremontii 

Silk-Tassels, genus Garrya 

Golden Fleece, Haplopappus arborescens 

Chaparral Reptiles 

Western Whrptail, Cnemidorphorus 

hvperyfhrus 

Southern Alhgator Llzard, Gerrhonotus 

mu/ticurrnatus 

Strrped Racer, Mastrcophrs lateralrs 

Gopher Snake, Prtuophrs melanoleucus 

Common Kingsnake, Lampropeltrs getulus 

Western Black-Headed Snake, Tantrlla 

planrceps 

Nlght Snake, Hypsiglena torquata 

Western Rattlesnake, Crotalus vtrrdls 

Chaparral Birds 

Cahfornla Quail, Lophortyx calrfornrcus 

Anna's Hummingbird, Calypte anna 

Ash-Throated Flycatcher, Myarchus 

crneruscens 

Scrub Jay, Aphelocoma coer~~lescens 

Common Bushtlt, Psaltrtparus mmlmus 

Wrentlt, Chamaea fascrata 

Bew~ck's Wren. Thryomanes bewrckrr 

Cahfornla Thrasher, Toxostorna redw~vum 

Orange-Crowned Warbler, Vermtvora 

celata 

Lazuh Buntlng, Passerrna amoena 

Rufous-S~ded Towhee, Prprlo 

erythrophthaiamus 

Brown Towhee, Prprlo Juscus 

Sage Sparrow, Amphrspiza brirneata 

Black-Chrnned Sparrow. Sprzella 

atrogular~s 

Chaparral Mammals 

Black Ta~led Jackrabbit, Lepus calrfornrcus 

Brush Rabb~t, Sylvrlagus bachmanl 

Merriam's Chipmunk, Eutamras merriamr 

Caltforn~a Pocket Mouse, Perognathus 

calrfornrcus 

Deer Mouse, Peromyscus manrculatus 

Brush Mouse, Peramyscus bayllr 

Californta Mouse, Peromyscus 

calrfornrcus 

Dusky Footed Wood Rat, Neotoma 

fuscipes 

Plants and Animals of the 

Common Woodland Trees 

Digger Pine, Pinus sabiniana 

Valley, Oak, Quercus lobata 

Blue Oak, Quercus douglasii 

Canyon Live Oak, Quercus chrs~solepis 

Interior Live Oak, Quercus wislizenii 

Redbud, Cercis occidentalis 

California Buckeye, Aesculus californica 

Uncommon Woodland Trees 

Ponderosa Pme, Ptnus ponderosa 

Incense Cedar, Calocedrus decurrens 

Knobcone Pme, Pinus attenuata 

MacNab Cypress, Cupressus macnabiana 

Piute Cypress, Cupressus nevadensrs 

Tanbark Oak, Lithocarpus densflora 

Black Oak, Quercus kelloggit 

Oregon Oak, Quercus garryana 

Cal~forn~a Laurel, Umbellularra calrfornrca 

Bigleaf Maple, Acer macrophyllum 

Common Woodland Shrubs 

Bitter Gooseberry, Rrbes amarum 

Oak Gooseberry, Ribes quercetorum 

Chaparral Currant, Rtbes malvaceum 

Toyon, Heteromeles arbut~folra 

Paciflc N~nebark, Physocarpus capltatus 

Sllver Lupme, Luptnus albifrons 

Polson Oak, Toxrcodendrom dluers~loba 

Buckbrush, Ccanothus cuneatus 

Californ~a Coffeeberry, Rhamnus 

calgfornlca 

Parry Manzanlta, Arctostaphylos 

manzant ta 

Wh~teleaf Manzanlta, Arctostaphylos 

vrscrda 

Bush Monkeyflowers, genus M~mulus 

Coyote Brush, Baccharrs prlularts 

Common Woodland Wildflowers 

Larkspurs, genus Delphinium 

Carolina Geranium, Geranium caroliniancl 

Chinese Caps, Euphorbia crendata 

California Milkmaids, Dentaria californica 

California Indian Pink, Silene californica 

Miner's Lettuce, Montia perfoliata 

Hansen's Shooting Star, Dodecathenn 

hansenii 

Star Flower, Trientalis latifolia 

Chinese Houses, Collinsia heterophylla 

Lupines, genus Lupinus 

Mariposa Tulips, genus Calochnrt~rs 

Irises, genus Iris 

Foothill Woodland Community 

Resident Woodland Amphibians 

Tiger Salamander, Ambystoma tigrinum 

California Newt, Taricha torosa 

California Slender Salamander, 

Batrachoseps attentuatus 

Ensatina, Ensatina escholtzi 

Arboreal Salamander, Aneides lugubris 

Resident Woodland Reptiles 

G~lbert's Skmk, Eumeces gdbert~ 

Western Fence Lizard, Sceloporus 

occtdentalrs 

Gopher Snake, P~tuphrs melanofeucus 

Common Kingsnake, Lampropeltts 

getulus 

Western Rattlesnake, Crotalus uiridis 

Resident Woodland Birds 

Red Ta~led Hawk, Buteo jamalcensls 

Cooper's Hawk, Acctprter cooperlt 

Mourn~ng Dove, Zenarda macroura 

Screech Owl, Otus aslo 

Great Horned Owl, Bubo Lwginlanus 

Long-eared Owl, Aslo otus 

Callforma Quad, Lophort>u caldornrc us 

Anna's Humrn~ngb~rd, Cnlypte anna 

Common fl~cker, Colaptes ouratus 

Acorn woodpecker, Mt3lancrpes 

formrcr~~orus 

Downy woodpecker, Dendrocopos 

pubescens 

Nuttall's Woodpecker, D nuttall11 

Scrub Jay, Aphelocoma coet ulescens 

Yellow Bellled Magp~e, Ptca nuttailrr 

Western Blueb~rd, Stalta mexicana 

Resident Woodland Mammals 

Orante Shrew, Sorex ornatus 

Bats, order Chiroptera 

Gray squirrel, Sciurus griseus 

Deer Mouse, Peromysc~is maniculatus 

Gray Fox, Urocyon cinereoargenteus 

Coyote, Canis latrans 

Raccoon, Procyon lotor 

Ringtail, Bassariscus astutus 

Spotted Skunk, Spilogale putorius 

Striped Skink, Mephitis mephitis 

Mountain Lion, Felis concolor 

Bobcat, Lynx rufus 

Mule Deer, Odocoiteus hemionus 

Plants and Animals of the Riparian Woodland Community 

Riparian Woodland Trees 

Fremont Cottonwood, Populus fremoniii 

Black Cottonwood, Populus frichocarpa 

Red Willow, Salix laevigata 

Yellow W-illow, Salix lasiandra 

Black Willow, Salix gooddingil 

Arroyo W-illow, Salix lasiolepis 

Sandbar Willow, Salix hindsiana 

White alder, Alnus rhombifolia 

Valley Oak, Quercus iobata 

Canyon Live Oak, Quercus chrysolepis 

California Laurel, Umbellularia californica 

Western Sycamore, Plantanus racemosa 

Flowering Ash, Fraxinus dipetala 

Oregon Ash, Fraxinus latifolia 

Riparian Woodland 

Shrubs and Vines 

Sandbar Willow, Suhx hrndslana 

Californ~a P~pe Vlne, Ar~stolochla 

cahforn~ca 

Spice Bush, Calycanthus occrdental~s 

Osoberry, Osmaron~a cerastformrs 

Pacif~c N~nebark, Physocarpus capitatus 

California Blackberry, Rubus urslnus 

Buttonbush, Cephalan thus occrden talrs 

Blue Elderberry, Sambucus caerulea 

Honeysuckles, genus Lonicera, vines 

Common Snowberry, Syrnphor~carpos 

r~vulans 

Douglas's Baccharis, Baccharrs douylasl~ 

Riparian Woodland Wildflowers 

Larkspurs, genus Delphtntum 

Buttercups, genus Ranunculus 

Western Dog V d e t , V~oiet adiinca 

Watercress, genus Ror~ppa 

Amer~can Wlnter Cress, Barbclrca 

orthoceras 

Miner's Lettuce, Montta perfolrata 

Monkcyflowers, genus Mtrnulus 

Bee Plant, Scrophular~a cahfornrca 

White Hedge Nettle, Stachys albens 

Elk Clover, Aralia cahfornrca 

Stream Orch~d, Epipactrs g~gantea 

Riparian Woodland Amphibians 

Tiger Salamander, Ambystoma tigrinurn 

California Newt, Taricha torosu 

Red-Legged Frog, Rana aurora 

Foothill Yellow-Legged Frog,Rana boylii 

Riparian Woodland Reptiles 

Ringneck Snake, Diadophrs punctatus 

Sharp-Tdiled Snake, Cont~a tenuts 

Western Aquatic Garter Snake, 

Ramnophls couchi 

Riparian Woodland Birds 

Wood Duck, Arx sponsa 

Screech Owl, Oftis aszo 

Long-Eared Owl, Asio otus 

Spotted Sandptper, Actrfus maculana 

Belted K~ngf~sher, Megaceryle alcyon 

Downy Woodpecker, Dendrocopos 

pubescens 

Black Phoebe, Sayorn~s ngncans 

Wlllow Flycatcher, Empdonax trutlltr 

D~pper, Ctnclus mextcanus 

Canyon Wren, Catherpus mexlcanus 

Yellow Warbler, Dencirolca petechta 

Common Yellowthroat, Geothi~~prs tr~cha 

Yellow Breasted Chat, Icterla utrrns 

Northern Onole, lcterus galbula 

Song Sparrow, Meiosp~za meiodra 

Riparian Woodland Mammals 

Ornate Shrew, S o r ~ x ornatus 

Raccoon, Procyon lotor 

Ringtail, &Issartscus astutus 

Mink, Mustela viston 

Figure 1. The Rock Cycle 

ocks of the Sierra Foothills 

by Terry Wright 

Introduction to the Science of Geology 

eology is the study of our earth: the rocks beneath, and the landforms 

on the surface. The Sierra Foothills are a perfect illustration 

of geology because all of the materials and principles are beautifully 

displayed on river canyons and on high ridges. While this introduction is for 

the layperson, it will introduce a new but useful language, the language of 

geology. Knowledge of this language helps to understand the origin and 

history of the rocks and landforms in the Sierra Foothills, the focus of 

Wildernes_s Interpretation lectures and field trips. 

The Rock Cycle 

The rock cycle (Figure 1) is a device for introducing the language of geology, 

and for illustrating the various processes which act to form rock. This cycle 

shows how rocks originate, react, and change during the actions of geology. 

The cycle starts with molten rock or magma which may be seen in active 

volcanos. Magma is rock melted by high heat from radioactive decay deep in 

the earth. Since the molten rock is hotter than the surrounding rocks, and 

less dense, it moves towards the earth's surface. Reaching shallow, cooler 

parts of the earth, the atoms in the magma arrange themselves into threedimensional 

geometric structures. Geologists call these Natural Crystals 

minerals. Some common minerals are named in Figure I. 

When magma forms minerals, it becomes igneous rock. It forms on the 

surface of the earth as lava flows or ash deposits from volcanos, it is called 

volcanic igneous rock. Magma may also cool beneath the surface becoming 

plutonic igneous rock. 

Volcanic rocks have tiny crystals, or are glassy, because magma cools 

rapidly on the surface. On the other hand, plutonic rocks are cooled slowly in 

the heat beneath the surface so atoms have more time to form. Thus the 

minerals in plutonic rocks are large, and usually are clearly visible to the 

naked eye. Granite is a typical plutonic igneous rock exposed in the Sierra 

Foothills. Names of common igneous rocks are in Figure 1, and descriptions 

of the common rocks found in the Sierra Foothills are given in Table 1. 

Granite is the plutonic rock exposed at put-in and on the upper part of the 

Tuolumne run. Cross-cutting bands, called dikes, are present also; darkcolored 

dikes of basalt, an iron-rich magma, cut granite dikes at Clavey Falls 

and in a slab across the river from Driftwood Paradise Camp (Plate 10 in the 

Tuolumne River Log). 

Volcanic lava Aows cap the flat-topped table mountains of the low foothills 

north and west of the Tuolumne run. 

A very import process in geology is uplifting of the land, and the 

consequent wearing down of the uplifted surface called erosion. Rocks are 

broken down by weathering, which is when minerals are either physically 

broken apart or dissolved by dilute acids. Soil is formed by this process, and 

the red soils of the foothills are caused by the weathering of iron-rich rocks. 

Volcanic igneous rock is formed on the surface, and is easily eroded. 

Plutonic igneous rock must be uplifted, and rock above it must be eroded off, 

before weathering can take place. As much as ten miles of rock may have 

been eroded off to expose the granite in the Sierra Nevada. Exposed rock, 

whether volcanic igneous or plutonic igneous, is eroded by running water, 

glaciers, wind, and landslides. All of these help to move the weathered rock 

to lower elevations. 

The broken and dissolved rock that is moved is called sediment. When 

the erosion agent runs out of energy, such as when a river runs into the 

ocean, sediment is deposited. In time the sediment is compacted and formed 

into layers of sedimentary rock. Sedimentary rock is often made of the 

recycled remains of volcanic and plutonic igneous rock deposited in low 

areas on the land surface and in the ocean. The difference in layers is a 

function of both the material supply and topography in the place of 

deposition. 

Most sedimentary rocks form in the ocean, that is where most rivers lead. 

Such sedimentary rocks are called marine, and tend to have continuous 

layers. Non-marine sedimentary rocks accumulate in deserts, river 

channels, and flood plains; these rocks tend to have discontinuous layers. 

Sedimentary rocks exposed on the Tuolumne are marine, but are rarely 

layered. The original layering was destroyed by land-slides down submarine 

slopes whiie the rock was still soft, examples are visible near the mouth of the 

Clavey River (Plate 6, Log). 

All sedimentary rocks indicate the natural history of their source and 

deposition areas. The origin, and names, of typical sedimentary rocks are in 

Figure 1, The Rock Cycle. 

Heat and directed pressure cause rocks to break or bend. They break 

along planes, either as faults when there is movement of rock, or as joints 

when no movement takes place.-Earthquakes are caused by movement 

along faults. On the other hand when heat and directed pressure are applied 

very slowly, the rocks will bend and layers will form curved structures we call 

folds. Faults and folds arebeautifully displayed in a short hike up the Clavey 

River (Plate 5, Log). 

Boudinage, a sausage-shaped structure, is formed by pulling parts of the 

rock like taffy, forming necks in original layers. Boudinage can be seen in 

many places, and is spectacularly exposed on the cliff across the river from 

Driftwood Paradise Camp (Plate 10, Log). 

With greatly increased heat and pressure, minerals start to change shape 

because atoms of many minerals are not comfortable under such conditions. 

The rocks formed by heat and pressure are changed from igneous and 

sedimentary to metamorphic rocks. If vise-like directed pressure is applied 

to clay-rich sedimentary or ash-rich volcanic rock, micas formed will line up 

as parallel plates and impart a platy, flat structure to the rock, called 

foliation. Tombstone-shaped outcrops and the finned appearance of rocks 

on the Tuolumne were formed by weathering foliated metamorphic rocks. 

Non-foliated metamorphic rocks form when there are no micas to line up. 

Common metamorphic rocks are shown on the rock cycle diagram. 

One key to understanding the geology of the Sierra Foothills is to know 

what the original rocks were before metamorphism. Descriptions of 

metamorphic rocks found in the foothills and their original rocks are shown 

on Table I. 

If extremely high heat is applied to already hot metamorphic rock, the rock 

will melt and become magma. This usually happens only deep in the earth, 

where temperatures are extreme, but when it does the rock cycle is complete 

- from magma to magma. 

Some shortcuts are possible in the rock cycle. Igneous rock may bypass 

the sedimentary processes and become metamorphic rock directly. 

Metamorphic rock can be uplifted, eroded, and then become sedimentary 

rock, a process occurring today in the Tuolumne canyon. Secjlmentary rock 

can be recycled into the sedimentary process as in the diagram of the rock 

cycle. - 

In the rock cycle, any rock type may be uplifted and eroded over a long 

period of time to a nearly flat plain, and sedimentary rock layers may then 

form on the eroded surface. When young sedimentary rocks overlie much 

older igneous, sedimentary, or metamorphic rocks on such an erosion 

surface, the period of time missing is called an unconformity. This has 

occurred in the Sierra Nevada, and is visible where flat-lying young rocks 

overlie the ancient bedrock. 

The most unusual thing about the science of geology is the immense time 

that it takes. We talk in terms of millions of years in the geologic time scale. 

The oldest rocks in the Sierra Nevada may be over 400 million years old. 

Geologists have adopted names for different parts of geologic time based on 

life forms in the rock (fossils) and their evolution. Specific numbers of years 

are found by analyzing minerals for radioactive elements, which break down 

at very slow rates and can be used to determine true age. 

The geologic time scale and ages of rocks in the Sierra Nevada are shown 

in Table 2. 

What drives all of the processes that we see in the rock cycle? A 

revolutionary new theory named "plate tectonics" seems to answer this 

question. This theory is a continuation of the idea of continental drift, which 

used the jigsaw fit of South America and Africa, as well as similarities in rocks 

and fossils on either side of the Atlantic ocean, as evidence that the 

continents had once been together and then drifted apart. 

Plate Tectonics looks at the earth as a series of gigantic slabs, about 60 

miles thick, which move relative to one another. These slabs or "plates" 

include ocean basins and continents. Plates are constantly being made by 

igneous rocks along mid-ocean ridges in a process called sea-floor 

spreading. This process is evident in the volcanos of Iceland, which sit on 

top of a continuous chain of mountains on the ocean floor called the Mid-Atlantic 

Ridge. This ridge is the seam that split to form the Atlantic Ocean and 

force South America and Africa apart. 

Continents ride around like rafts on the tops of the plates. Where plates 

meet and move toward each other, one will slide under the other in a process 

called subduction. In zones of subduction, the ocean floor often slides 

under the edge of the continent on the adjacent plate. Such a process forms a 

broad fault zone with many sheared fragments of ocean-floor rock called 

melange. Much of the Sierra Foothills bedrock was formed by this process. 

Ocean-floor sedimentary rocks may be dragged down into the subduction 

zone and melted to form magma. Magma can then move up like bubbles in 

beer through a continent, to form granite plutonic igenous rocks and 

volcanos. This process is thought to be responsible for the Sierra Nevada 

granites and the recent violent eruption of Mount Saint Helens. A deep slice 

of the earth showing subduction is in Figure 2, with possible settings for 

granites and volcanos like,Saint Helens. 

Plates may also slide by one another on immense transform faults with 

thousands of miles of horizontal movement. Some rocks in the Sierra 

Foothills and Coast Ranges may have been born south of the equator, and 

have since slid north along great faults to their present position. Thus, some 

rocks of-the Sierra Foothills are thousands of miles from home and have been 

moved by both the subduction and the transform fault process. The San 

Andreas Fault is one of these faults active today. 

Knowledge of the make-up of ocean-floor rocks has increased greatly with 

new data from deep-sea drilling and field studies on land. In particular, rock 

sequences which probably represent sections of ocean floor, extending to a 

depth of six miles, are exposed on land in areas of ancient subduction. This 

ocean floor was moved up onto land by faulting, and deep erosion has 

exposed it on the surface. Exposed are sequences that consist of ocean-floor 

sediments, such as chert and sandstone, which lie on top of lava with a pillowlike 

structure. This indicates that the lavas were erupted on the ocean floor at 

a mid-ocean ridge. Deeper in the sequence we can see iron-rich plutonic 

igneous roks which were magma feeders for the lavas. Beneath these are 

Plate 1 

Figure 2. Diagrammatic Cross-section of a Subduction Zone 

(after Dickenson, 1971) 

highly iron-rich rocks which represent the mantle, a deep layer that lies 

beneath the ocean and continent. The mantle rocks are metamorphosed to 

serpentinite, a shiny green rock that commonly occurs along fault zones so 

commonly that it is the state rock of California. 

This sequence is called an ophiolite and represents a slice of ocean floor. 

Parts of ophiolite sequences are found in the Sierra foothills west of the 

Tuolumne run. The only way that these rocks could have become part of a 

mountain range was by the upthrusting and movement during subduction 

and transform faulting. Thus the origin of the Sierra Nevada, and indeed of 

most mountain ranges, is tied to these processes. 

Geology of the Sierra Foothills 

Examples of all rock types and processes are beautifully displayed in the 

Sierra Nevada Foothills. As the only complete rock exposures are along river 

canyons, river exposures have provided the key to understanding the 

complex- geologic history of this area. This makes the rivers of the Sierra 

foothills a unique and irreplaceable scientific resource. 

The bulk of the Sierra Nevada is composed of an immense mass of granite 

and related plutonic igneous rocks called the Sierra Nevada Batholith. 

Granite intruded a pile of sedimentary and volcanic rocks. These ancient 

sedimentary and volcanic rocks were mashed and squeezed to metamorphic 

rocks long before the granites came on the scene. The heat from the granite 

baked these rocks and further changed them. These rocks are a mystery to 

geologists, because the granite has almost obliterated any connection with 

the rest of the geologic world to the east of the Sierra Nevada. Working in 

these rocks has been like trying to solve a complex puzzle with half the pieces 

missing. Our best guess today is that they represent slices of ocean floor 

carried many thousands of miles from the south along huge lateral transform 

faults. These fragments were then stuck on or accreted to the edge of the 

continent by changes in fault motion. 

A diagrammatic east-west slice through the Sierra Foothills is in Figure 3. 

All of the Sierra rivers cut canyons 1000 to 3000 feet deep across the foothills, 

so each river displays part of this process. 

The lower part of Figure 3 shows the rocks and structure of the bedrock 

complex. The bedrock complex consists of ancient metamorphosed 

sedimentary and volcanic rocks. The main groups of rocks in Figure 3 are 

shown in the legend. The Tuolumne Canyon cuts through the granite and 

Calaveras rocks. 

One of the important things to notice about this cross-section is that all 

rock groups are bounded by faults. The major faults in the Sierra Foothills 

are the Melones Fault zone,which was the conduit for gold-rich fluids which 

formed the Mother Lode, and the Bear Mountains Fault zone. Rock types, 

with simple descriptions and origins, are shown in Table 1; this table can be 

used along the Tuolumne run to identify rocks and structures. 

The flat-topped mountain in the middle left of Figure 3 1s the 

Mountain, which sits on top of the bedrock complex. These youthful rocks 

are called the superjacent series and consist of river gravels, volcanic ash 

Figure 3. Geologic Cross-Section: Sierra Nevada Foothills 
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LEGEND: WVB =Western Volcanic Belt PHG = Pine Hill Gabbro; SFM =Sierra Foothills Melange; 

Bear Mountains Ophiolite; MLB = Mother Lode Belt; MF = Melones Fault Pone; 

C = Calaveras Formation; GR = Granite of Sierra Nevada Batholith. 

and lava flows which have not been disturbed. They are much more youthful 

than the Bedrock Complex. Sand, gravel and boulders are found in river 

and banks deep in the canyons. 

he Geologic Story 

This is a complex and fascinating story, one' which has only recently been 

told and is still being revised by the geologic research community. This story 

can be seen in Table 2. The oldest events in the Sierra Nevada are recorded 

in the metamorphosed sedimentary and volcanic rocks of the Calaveras 

Complex. Vastly different rock types of the Calaveras have been squeezed, 

bent and mixed together by submarine landsliding, faulting, and folding, and 

extensive changes by metamorphism have disguised the original rocks. 

Recent studies demonstrate they were originally sedimentary rocks, 

deposited in a deep ocean basin with a volcanic floor. Rocks were mixed 

together as sediment in submarine landslides and by faulting in a subduction 

zone. Original limestones, shales, sandstones, cherts, and volcan~c rocks 

have been changed to marble, quartzite, slate and schist. 

Distinctive fossils have not been found in the Calaveras, so ~ t s age is 

questionable. One poorly preserved fossil of Permian age was reported in the 

late 1800s from the Merced River, but the sample was lost. Our fossils on the 

Clavey River are metamorphosed, and can give only a general late Paleozoic 

aQe (320-225 million years or my). Recent discovery of Calaveras-like pebbles 

in the Central Valley, of California with fossils, gave a younger Triassic age 

(225-190 my). The Calaveras was folded and metamorphosed 111 Triassic time 

as part of a major mountain-building event. 

The Bear Mountains Ophiolite started as a slab of the ocean floor far from 

the continent about 300 my ago. This piece of ocean floor was 

metamorphosed to dark, hard amphibolite of the American River Gorge 190 

my ago. 

The first pulse of granite invaded the Sierra Nevada area 200 my ago. This 

was followed by other pulses in Yosemite Valley 140 my ago and in Tuolumne 

Meadows 90 my ago. These three events created the huge mass of granite we 

call the Sierra Nevada batholith. 

During early and middle Jurassic time, about 190-150 my ago, volcanic and 

sedimentary rocks formed in an island chain and ocean basin similar to the 

modern Aleutian Islands. These rocks mixed with continental sediment, so 

they must have been near the edge of the continent, marked at that time by 

the Melones Fault zone and Calaveras rocks. This formed the Mother Lode 

Belt, which has deformed volcanic and sedimentary rocks. These are 

exposed at Chili Bar on the South Fork American River. Metamorphism later 

changed these rocks to slate. 

Field work west of the Melones fault has uncovered the Sierra Foothills 

melange, a belt of sheared and faulted ocean-floor rocks. S!ices of ocean floor 

are now cooked to greenstone, greenschist, metachert and amphibolite. 

These rocks occur as inch- to mile-sized slices surrounded by fault-sheared 

serpentines and shale. This enigmatic unit is exposed on the South Fork 

American River upstream from the gorge. The melange is probably the 

product of faulting of ocean floor against the continent about 190- 160 my ago. 

Dark basalt dikes on the Tuolumne run are 162 my old. They seem to 

indicate the end of intense deformation in the foothills and signal a tensional 

force which tore apart the area. Rocks of the Mother Lode belt were mildly 

deformed and metamorphosed, and all other rocks were deformed by an 

event called the Nevadan Mountain Building about 140 my ago. 

Metamorphism and folding squeezed Calaveras for a second time. The Bear 

Mountains and Melones Fault zones were active at this time. 

Nevadan Mountain Building caused a great upheaval of the Sierra Nevada, 

and started 100 my of erosion. During the period 140-50 my ago the rocks 

from the ancient High Sierra were eroded and washed into the Great Valley 

to the west, which was a marine basin. Estimates of the volume of sediment 

now in the Great Valley indicate that a pile of rock 10 miles thick was eroded 

off the present Sierra Nevada. 

The ancient rivers that caused erosion probably cut deep canyons at first, 

but with time these canyons and divides were worn down to broad valleys 

with a series of low hills on resistant bedrock units. Five major streams flowed 

west and north, with the largest approximately following the course of the 

present Yuba and Calaveras Rivers. These streams deposited layers of 

gravel and sand. Rich gold veins also eroded, and concentrated in gravel beds 

as deposits called "placers." These gold-rich gravels are the oldest layers of 

the Superjacent Series in the central Sierra. The great hydraulic mines of the 

Yuba drainage such as the Malakoff Diggings were very profitable until silt 

from the workings caused a major flood in the Great Valley and a farmer's 

successful suit stopped hydraulic mining in the late 1800's. 

During the period 26-9 my ago other major river channels were formed 

parallel to the present Stanislaus River and the Middle Fork American River. 

Goid-bearing graveis also accumulated in these channels. Volcanic activity 

to the east similar to the recent eruption of Mount Saint Helens caused 

glowing clouds of hot volcanic ash and volcanic mudflows to rush down these 

canyons. 

More volcanos caused lava rivers which flowed down canyon floors about 

9 my ago. The forces of eroision have been deflected by these hard rocks, 

and they now form the flat topped Table Mountains. These are obvious on 

the drive from Qakdale to the Tuolumne near Chmese Camn. 

Slow uplift and deep erosion formed the present Sierra Nevada landscape. 

Uplift began about 9 my ago and continues today. The broad, flat, gently 

sloping ridges are remnants of the broad, roiling plain carved by the ancient 

rivers 50 my ago. These have always been used as cross-country access 

roads. This plain is also an unconformity, or surface of erosion, between the 

Superjacent Series and the Bedrock Complex. Remnants of gravels and 

other rocks of the Superjacent Series are present today in patches on this 

rolling plain. The plain was uplifted and tilted gently to the west 9 my ago, like 

a trap door with its hinge on the western edge of the foothills. Uplift was 

facilitated by vertical faults which cause the steep escarpment on the east 

face of the Sierra Nevada. Modern rivers cut into the plain, creating the river 

canyons we see today. Rivers tapped more gold in the bedrock complex and 

reconcentrated the placer deposits from ancient gravels. Marshall 

discovered gold in a modern placer deposit on the American River in 1849, 

touching off the Gold Rush, one of the most colorful periods in California's 

history. The rivers are actively eroding and moving sand and gravel today, 

except where their work has been temporarily stalled by dams. 

Sierra Nevada rivers have roughly parallel courses flowing westward. This 

is typical where streams develop their course on a slope. The tilting of the 

rolling plain 9 my ago created a low-angle westward slope. Water flowed from 

low place to low place, and strearns joined to form rivers which cut deep canyons 

as uplift continued. The Tuolumne along with the Merced and Kings 

Canyons to the south are the deepest of the lot. These rivers probably did 

most of their canyon-cutting during the Pleistocene glacial ages 2.5 my to 

10,000 years ago when abundant rain and glacial melt-water caused high 

water flows. Most erosion and sediment-moving is done at flood stage today, 

and what we now consider flood level was probably common flow during the 

Pleistocene. 

Bedrock irregularities form the typical alternating pool-and-drop pattern 

of Sierra Nevada foothills rivers. Resistent bedrock ledges, usually chert and 

hard granite act like ribs in a gold sluicebox, trapping sand, cobbles, and 

boulders that a?e bounced or rolled along like pool balls by the river. These 

trapped materials, especially boulders, account for the rocky nature of the 

rapids. Gravel and cobbles in the load tend to occur in bars which may 

migrate downstream. Also large blocks may slide and roll down slopes and 

become trapped on bedrock ledges, or make rapids by themselves. River 

gradients are steepest in hard bedrock areas. A massive hard chert ledge 

underlies Clavey Falls, a granite dike causes the ledge at India Rapids, and 

granite and gabbro cause the rapids on the upper and lower gorges of the 

South Fork American River. 

Table 1. Rocks and Structures of the Bedrock Complex 

COLOR ROCK DESCRIPTION 

Light (Si, "Al Bands, commonly Pure white, harder than knife 

Na, K, Ca, 0) 2" to 3' thick 

Speckled, visible square crystals 

Irregularly shaped White to gray, softer than knife, 

holes, sometimes streaked 

\speckled, vis~ble crystals 

Many bands 1-2" White, gray or green, harder than 

th~ck kn~fe, curved fractures 

Green (Fe, Mg, Massive 

Ca, Si, 0) 

Layered or platy 

(Foliated) 

Dark to light green, fine grained, 

m y have bulbous pillow structure 

Light and dark green bands 1-2" thick 

Light and dark green, shiny, sheared, 

surfaces discontinuous 

Dark (Fe, Mg, Platy Light gray, softer than fingernail 

little Si, 

0, clay) Massive or layered Softer than knife, black 

with chert 

With pebbles of chert 

Platy (foliated) Gray, shiny micas 

Black, dull shine, fine grained 

Black, visible crystals, quartz veins 

Massive Speckled, black visible crystals, banded 

Black, visible crystals, very hard 

1-2' bands Black, fine-grained, some large crystals 

DESCRIPTION OF STRUCTURE 

Bends in layers or foliation 

Offset of rock layer along a plane 

Irregular mixture of different rock fragments 

Pinch and swell of layers or veins 

"Element symbols on Figure 1. 

NAME ORIGIN 

Quartz veins Plutonic Igneous 

Granite Plutonic Igneous 

Marble Metamorphic-sedimentary 

originally limestone 

Granite Plutonic igneous 

Chert, Metachert Sedimentary, Metamorphic-

sedimentary 

G reenstone Metamorphic volcanic, 

ocean floor lava flow 

Green schist Metamorphic volcanic, 

ash deposit in ocean 

Serpentinite Metamorphic plutonic, 

iron-rich mantle rock 

Talc schist 

Mudstone 

Argillite 

Pebbly Mudstone 

Schist 

Slate 

Amphibolite 

Gabbro 

Pyroxenite 

Basalt 

Metamorphic plutonic, 

iron rich rock 

Sedimentary 

Metamorphic sedimentary 

Sedimentary 

Metamorphic sedimentary 

Metamorphic sedimentary 

Metamorphic lgneous 

Plutonic lgneous 

Plutonic lgneous 

Volcanic dikes 

NAME ORIGIN 

Folds 

Fault 

Melange 

Boudinage 

Bending of rocks from 

directed pressure 

Breaking of rocks 

from directed pressure 

Submarine landsliding 

or shearing on faults 

Stretching of rock 

layer while hot 

Table 2: Summary of the Geologic History, 

Central Sierra Nevada Foothills - GEOLOGIC AGE ROCK UNITS AND STRUCTURES E Quarternary 

Holocene (to River sand, gravel and boulders 

present day) 

Pleistocene (2my Glacial deposits in High Sierra 

t o l o , o o o y ) 

W 

~3 Tertiary (65-2my) 

Cretaceous ( 1 36- 

65 my) 

5 Jurassic (1 90- 

2 136 my) 

v) 

0 r. .- 

a 

a- 

IC - 

Triassic (225- 

190my) 

- a 

Late Paleozoic 

LC Permian 

Pennsylvanian 

m 

52 

river deposits in Foothills 

Tilting of Superjacent Series, uplift 

on faults, East side of Sierra (9my) 

Superjacent Series, Auriferous gravels 

volcanic ash and lava flows (50-9my) 

Tuolumne Meadlows granites, gold 

quartz veins formed (90my) 

Metamorphism and deformation of 

Mother Lode, Western Volcanic belts, 

and all older rocks Melones and 

Bear Mountains Faults active (1 4Omy) 

Yosemite granites (1 40my) 

Mother Lode Belt, Western Volcanic 

Belt (1 60-1 50my) 

Pine Hill Gabbro intrusion, basalt 

dikes (1 62my) 

Sierra Foothills Melange 

Folds, foliation and metamorphism 

in Calaveras Formation 

Lee Vining Granites (200my) 

Calaveras Formation 

Bear Mountains Ophiolite 

(300my) 

GEOLOGIC EVENTS 

Continued river erosion and 

deposition 

Tuolumne river canyon formed, 

Glaciation to 4000' 

Renewed uplift and erosion, 

present canyons started 

Rivers flowed across a plain 

depositing gravel 

Volcanos erupted ash and 

mudflows, Lava flows 

down river channels 

Granite formed in High Sierra, 

followed by long period of erosion 

of Bedrock Complex, 

low-relief plain formed 

Nevadan Mountain Building; 

folding, faulting and metamorphism 

within and west 

of Melones Fault Zone 

Granite intruded 

Volcanic arc formed along 

continent margin and ocean 

basin, volcanic sediments 

deposited in basin 

Rifting of continental margin 

Broad fault zone shears 

ocean floor rocks in 

subduction zone along the 

continental margin (1 90-1 62 my) 

Mountain Building 

Granite intruded 

Sediment deposition and 

submarine landsliding on 

deep ocean floor 

Ocean crust formed at midocean 

ridge (300my) 

A 

2 Compiled from various sources by Terry Wright 3/83 
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''Whiskey is for drinking, water is for fighting over." - M Q ~ ~ Twain 

atural waterways have been historically the first and most intensively 

exploited resource as humankind has rolled back the frontier 

and established settlements. From the earliest times, America's 

rivers have been the avenues of commerce, the source of fresh water for 

human consumption and industrial use, the irrigation water which has made 

the desert bloom, a prime source of power -first mechanical, now electrical 

- and the sewer through which the waste products of human life have been 

flushed to the seas. All along, rivers have also been a key ecological resource, 

providing habitat not only for fish and waterfowl, but for an abundance and 

diversity of life which constitutes the earth's most biologically productive 

areas, 

Somewhat more recently, rivers have become a chief recreational asset, 

for sportfishermen, whitewater enthusiasts, campers, and the burgeoning 

industries which support them. Since time immemorial, rivers have satisfied 

the human need for aesthetic and spiritual renewal. 

These demands on a limited natural resource have taken their toll. The 

nation's rivers have been extensively channelized, dammed, diverted, and 

polluted. Twelve thousand miles of artificial waterways have been created. 

Thirty million acres of land are now irrigated from these rivers. Thirty million 

kilowatts of power are produced by hydroelectric dams. Some two hundred 

billion dollars (in 1958 dollars) have been invested in water development 

projects. As a result of the intensive use of river resources, a mere 2% 

(61,700 river miles) of the 3,250,000 miles of rivers in the United States (not 

counting Alaska) remain in a relatively undeveloped, ecologically-intact 

state. 

The picture would not be complete without mentioning that the posture of 

"man as conquerer" of rivers was tempered by Congress in 1968 with the 

passage of the Wild and Scenic Rivers Act. This law provides for the 

preservation of the nation's rapidly disappearing network of free-flowing 

streams which are of remarkable natural value. In the statement of purpose, 

Congress declared that "the established national policy of dam and other 

construction at appropriate sections of the rivers of the United States needs 

to be complemented by a policy that would preserve other selected rivers or 

sections thereof in their free-flowing condition." The statute recognized the 

natural condition of exemplary rivers as a "use" on a par with the many 

consumptive uses of river resources. 

Unfortunately, subsequent history belies the lofty ideals of the Wild and 

Scenic Rivers Act. Whereas this nation's Wilderness Preservation System 

has been steadily expanded, the river system is in its infancy. In the fourteen 

years since passage of the Wild and Scen~c Rivers Act, only thirty-five river 

segments have been designated in the contiguous 48 states, comprising less 

than 5,000 river miles. This compares with some 61,700 river miles which 

have been identified by the National Park Service as possessing sufficient 

natural attributes to qualify for the national system. Plainly, the job of 

preserving the remnant natural rivers in America has only begun. 
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The Tuolurnne River: 

Its Time May Never come Again 

At the turn of the century, John Muir and a fledgling conservation 

movement waged the country's first national battle against development to 

preserve the grandeur of the Tuolumne River's Hetch Hetchy Valley. They 

lost, and two major dams were built in Yosemite National Park to give San 

Francisco cheap water and electricity. Since then, development of the 

Tuolumne has been steadily expanded. 

Today, the Tuolumne is a hard-working river, making immense 

contributions to the material needs and well-being of our society. It 

generates lo& of California's total energy supply; its reservoirs provide 

sparkling drinking water to 8% of California's homes; and it is used to irrigate 

hundreds of thousands of acres of the richest farmland in the world. 

Yet the Tuolumne also still possesses an extraordinary range of natural 

values and recreational uses: 

- the highest-quality and most exciting whitewater boating stretch in 

California, considered of equal caliber to the Grand Canyon and the 

Salmon River; 

- a group of low-cost family recreation camps with over 50 years' tradition 

of serving the Greater San Francisco Bay Area; 

- diverse and abundant wildlife, including the critical winter range for 

Yosemite's two largest deer herds; 

- the most extensive and least distrubed archaeological remnants of 

the Miwok Indians, whose other ancestral homes are largely buried 

under reservoirs. 

Now there are proposals for still more dams; and if the worst of them are 

built, the entire 27-mile lower canyon - renowned for its fishing, its wildlife, 

its family recreation, its scenery and archaeology, and its exciting white water 

- would become a bed of dry rocks. 

The Tuolumne today is a dynamic river system of natural and developed 

values. The natural and recreational values of the Tuolumne make it 

California's, probably the nation's most outstanding unprotected river 

segment. Leaving it "as it is" would best serve the overall needs of the public. 

There are, however, broader consequences and implications to the 

campaign to preserve the Tuolumne River. Consider the following three: 

1. The positive example of the successful river preservation campaign. 

The River community in California, indeed the nation, psychologically 

and politically needs a winner. The Tuolumne contains many of the 

generic issues and conflicts regarding natural river values versus further 

commodity development. It offers an excellent showcase for educating 

the public and its decision-makers on these key issues, particularly 

on the societal need for recognizing and respecting a balance in 

the use of natural resources. 

2. Dispel the myth that all hydroelectricity is clean: Clearly, hydroelectricity 

is a valuable and good source of electricity in many circumstances. 

Yet, beyond the point, or in inappropriate sites, its cost in terms of destruction 

of significant and irreplaceable natural systems outweighs its 

benefits. The Tuolumne is clearly at that point. The proposed additional 

development of the Tuolumne provides a textbook example of 

how too much of a good thing can be very wrong and bad. Through a 

strong public education campaign, we can help dispel the myth that all 

hydroelectric development is good and environmentally benign. 

3. Describe and establish an environmental ethic: This is the least tangible 

but perhaps most valuable of our general objectives. In a society as 

complex and technological as ours, critical and discriminating choices 

must be made. Without new ethical standards to guide us, expedience 

and myopia will too often carry the day. 

From an appropriate longer-term perspective, the remaining natural and 

recreational values of the Tuolumne far outweigh its potential development 

values. In the words of David Brower, we owe it to future generations "to stop 

taking the easy trip and charging it to the kids." 

This ethical objective, though, considers more than human use and need. 

It also addresses the oft-neglected issue of human responsibility to limit our 

manipulation of the earth for our sole benefit. Until we awaken to the stark 

and inescapable fact that we share this living planet in an interdependent 

network we shall continue blindly to destroy critical habitat and delicate 

relationships which sustain many other living communities. 

A Limited Time Opportunity 

In January 1983 Senator Alan Cranston introduced Senate Bill 142 to 

designate the Tuolumne as a National Wild and Scenic River. It would 

permanently protect from further development 83 miles of the river, 

dedicated as a natural and recreational resource. This bill is the culmination 

of a 10-year effort to protect the river, which has involved a 4-year federa, 

study, numerous public hearings, the whole spectrum of conservation and 

recreational groups, a variety of state and federal agencies, and innumerable 

individuals. 

Newly-elected California Senator Pete Wilson will play the decisive role in 

determining the future of the Tuolumne. As a member of the majority party in 

the Senate, his support of S. 142 is essential. He needs to hear from all of us. If 

we speak out now, we will succeed in securing the formal and permanent 

protection the river deserves. If we fail to act now, the time may never come 

again. Write to: . . . and write to thank: 

Senator Pete Wilson Senator Alan Cranston 

6219 Dirksen Senate Office Bldg. 229 Senate Office Bldg. 

Washington, D.C. 20510 Washington, D. C. 20510 

Sharksmouth Cliff, Stanislaus River 
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e Stanislaus River 

Oancient runner with crystal fhx and steady flo~u, 

How peaceful you are in the morning glow 

Your waters run down in so brillianf secret song 

Singing of the knowledge youhavehad for so long 

Steady, steady, you wondrously grow 

Graceful swirls and lashing whirls 

O Stanislaus, a heartful sound 

of dreams you inspire: 

Cathedrals, spires, staircase of stone . . . 

Every drop of water has left its spirit on 

your canyon walls . . . 

they echo the songs of life 

that fire my soul. 

One place only do maidenhairs weep 

from your cliffs into the tuaters below 

Your swirling, foaming, swiftness and placidness 

bring to mind life's rhythms and 

the footsteps of the Miwok who once thnved 

in your summer canyon 

and shared your flowing waters 

Oh sweet river as you flow through my mind 

you sweep all my troubles along 

in your peaceful song. 

And within that silence, my life is renewed 

a silence so magnificent to view 

that to flood is not just to undo . . . 

but to destroy a guiding star 

and the Ife force in all that we are 

0 Stanislaus, will you return to the sea 

rise as a mist and fall 

so that once again 

you may answer the ancient p/ea, 

Run f r e e . . . 

Run free . . . 

Written by participants on the 86-mile walk to save the Stanislaus River, 

August 1978. 

'rca 1935 

Emily Center 

circa 1980 

EMILY MINTON CENTER 

April 30, 1910 - February 19, 1983 

The matriarch of the Center clan, "Mimi" spent many years in the 

Tuolumne River region. Her children, Sue, Bob and Bill, are devoted to wild 

rivers. With Bill she ran the American, Stanislaus and Tuolumne Rivers in 

1974. Her husband Norman, was director of Camp Mather, the San 

Francisco Recreation Camp on the crest of the main Tuolumne canyon, 

upstream from Cherry Creek. Mimi spent many days hiking in the drainages 

of Cherry Creek and Falls Creek north of the Tuolumne. 

She was an enthusiastic teacher, political activist in the Democratic party, 

artist, outdoorswoman and mother. We all benefit from her spirit. 

APPENDICES 

Professional Outfitters on the Tuolumne 

All Outdoors 

2151 San Miguel Drive 

Walnut Creek CA 94596 

A R T A 

445 High Street 

Oakland CA 94601 

Aventours 

Box 1500 

Woodland CA 95695 

Echo - The Wilderness Company 

6529 Telegraph Ave. 

Oakland CA 94618 

O.A.R.S. Inc. 

Box 67 

Angels Camp CA 95222 

Outdoors Unlimited 

Box 22513 

Sacramento CA 95822 

Sierra Mac River Trips 

P.O. Box 366 

Sonora CA 95370 

Sobek Expeditions, Inc. 

Box 7007 

Angels Camp CA 95222 

Zephyr River Expeditions 

Box 3607 

Sonora CA 95370 

Outdoor Adventures Inc. 

3109 Fillmore St. 

San Francisco, CA 94123 

Motels in the Tuolumne River Area 

Groveland area, 15 minutes 

from La Casa Lorna 

Hotel Charlotte 

209-962-6455 

Sugar Pine Ranch Motel 

209-962-7823 

Buck Meadows Lodge 

General Store and Restaurant -fi 

(10 miles E. of Groveland) 4' 

209-962-6366 

Priest Station Motel 

General Store and Restaurant 

209-962-7 1 10 

Lee's Middle Fork Motel 

Camping and Housekeeping 

Cabins 

(14 miles E. of Groveland) 

209-962-7408 

Sonora area, one hour drive 

from La Casa Loma 

Sonora Inn 

209-532-3421 

Sonora Town House 

209-532-3633 

Gunn House 

209-532-342 1 

Our favorite watering hole and 

restaurant is: 

The Smoke 

Jamest own 

209-984-3733 
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National Park and since then he has served as the Sierra Club's Northern 

CaliforniajNevada Wilderness Organizer and managed a successful 

Congressional primary campaign. Currently he is the Executive Director of 
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TRPT. Greg has extensive lobbying and litigation experience in Washington, 

D.C., where he worked for the Sierra Club as their energy lobbyist. 

The People Who Created This Book 

Pat Carr is a part-time fisherman and a fan of the Tuolumne River, who 

works as a therapist in Marin County. His love for rivers drew him to Friends 

of the River (FOR) and he worked diligently as a volunteer during the 

Stanislaus battle. He now volunteers time for TRPT and has studied 

Tuolumne River fisheries and fishing for two years. He freely admits that 

most of the fishing information comes from Don Moyer, a Foothills fisherman 

from Modesto. Pat's work on the Tuolumne was recently published by 

Angler magazine. 

Ty Childress grew up in Palo Alto, California, and followed his 

photographer father down the Russian River in a canoe as a child. He was 

introduced to the Stanislaus on a 1963 trip with Bryce Whitmore, and he 

started with Bryce as a professional guide in 1965. Ty took his first 

photograph at 14; his photos recently decorated publicity on the Stanislaus 

River for FOR and on the Tuolumne for TRPT and the California 

Department of Water Resources. He was arrested and jailed in Sonora for 

blockading trucks headed to clear-cut the Stanislaus Canyon in 1981. The 

U.S. Army Corps of Engineers was attempting to clear trees below the 

projected water level of New Melones Reservoir in violation of California 

State policy. Ty works as a river guide and as a counselor in a group home in 

San Andreas, and lives in a cabin on a ridge above Mokelumne Hill. 

R. Valentine Atkinson has worked for ABC Television, and is now a freelance 

photographer for magazines including Field and Stream, Fly 

Fisherman, Trout and Salmon, Outside, Sierra and Sunset. He is a member 

of Trout Unlimited, California Trout, and the San Francisco Camera-Work 

Gallery and has contributed photographs to FOR and TRPT, and did 

photography for the book Riuer Camping by Verne Huser. 

Brian Fessenden's spectacular photographs are central to the TRPT 

brochure; he works as a professional photographer and teacher in San 

Francisco. "For my entire life I have been involved with the rivers . . . the 

natural rivers are leaving us . . . in a sense draining the life out of us. I use my 

photography as an art form to enhance the awareness of the importance of 

wild rivers; to save them." Brian spends as much time on the Tuolumne River 

as possible. 

Tim Palmer, who did the cover photograph, is an open-canoe paddler from 

Pennsylvania. he has worked on and chronicled many river recreation 

controversies. His latest book is Stanislaus: The Struggle for a River, he is 

currently working on a book on the endangered wild rivers of America. 
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Organizations 

Tuolurnne River Preservation Trust 

A coalition of fishermen, naturalists, family recreationists, whitewzlter 

boaters, and business people have formed the Tuolumne River Preservation 

Trust to keep the river as it is. To that end, we are working in every 

conceivable way to preserve the remaining natural values and recreational 

uses of the Tuolumne River and its high mountain tributaries. Our efforts are 

exclusively dependent on public support. We are asking you to become an 

early supporter of the Tuolumne River Preservation Trust, and take the 

Tuolumne into your personal care. 

Please send your contribution, large or small, to: 

Tuolumne River Preservation Trust 

Fort Mason Center, Bldg. C 

San Francisco, CA 94123 

P.S.: We are not yet a deductible organization. If you want to make a 

deductible donation, make it to either Friends of the River Foundation, or 

Sierra Club Foundation. Please specify "Tuolumne Account." 

Thank You. 

Wilderness Interpretation 

Wilderness Interpretation is a natural history adventure travel company. 

We plan each trip around an informal course in geology and biology (no 

quizzes!). Our trips explore the Sierra Foothills and High Sierra, Grand 

Canyon-Canyonlands area, Idaho Wilderness, the White Mountains of New 

Hampshire and the Coast Ranges of California and Oregon. We follow the 

rivers and trails to investigate the natural history of these areas. We are 

professional teachers, and offer University credit. For a current brochure 

write us at Box 279, Forestville, CA 95436, or call 707/887-7752. 

The Wilderness Interpretation Logo 

The logo on our letterhead and on our T-shirts is an original graphic which 

depicts the major elements of the Geology of the Sierra Foothills. The major 

units are separated into the Bedrock Complex in the lower part of the 

diagram and the Superjacent Series which are the flat-lying layers and "Table 

Mountain" in the middle left of the diagram. This part of the diagram is a cutaway 

(cross-section) view of the geology along the Stanislaus River. The 

skyline mountains represent the view up the South Fork American river to 

Pyramid Peak, as seen from Pollock Pines. 

T-shirts: $8.00 plus $0.48 tax plus $1.25 , - 

postaqe and handlins 

~ i i d e m American ~ i v e r : $2.85 plus -kyF YJ I I ~ ~ ~ ; ~ c s s 

$0.17 tax plus $1.00 postage and . .; 16 

rlterpretat Ion handling. 

Notes on My Tuolumne Trips 

Date / Outfitter, Private trip organizer 

Companions 

Boatmen 

Water level 

Log (for amusing incidents, weather, etc .) 

