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Mountain Building

Welcome to “Roadside Heritage of the Eastern Sierra” – a series of audio programs celebrating the region’s natural and human history, as seen through the eyes of science.

The Sierra Nevada Mountains run like a 400-mile backbone along the eastern edge of California.  In its’ shadow lies the Eastern Sierra, a land where snow-capped peaks plunge to meet high desert basins and ranges.  Where the drama of Earth’s dynamic geological forces have created a landscape both harsh and beautiful.   So how did this landscape come to be?  And how has life been able to adapt to such an extreme environment?  In this program, we’ll explore the story of the mountains themselves and experience some of the destruction, upheaval and regeneration that took place to create them.

Steeply and dramatically, the Sierra Nevada rises before you. Did you know that this mountain range runs half the length of California, and that much of its body is made up of granite?  Those immense saw toothed peaks of gray speckled stone, some reaching as high as 14-thousand feet, certainly command your attention. But as you travel along scenic Highway 395, you might be surprised to find out that the mountain range you’re passing is not the first, but the second rising of the Sierra.

There’s some truth behind the folk saying, “Older than the hills.” Still, to understand how the ancient granite that makes up the present-day Sierra came to be, we have to ask a few questions, “What exactly are mountains and how are they formed?

As Geologist and chemist Don DePaulo, a professor at U.C. Berkeley points out, mountains don’t just appear out of thin air.   Don DePaulo: “The earth has this peculiar characteristic that most of its surface is either just above sea level or about five kilometers below.  And in fact, no other planet in the solar system has this bi-modal or two-level crust on its surface. So to make mountains, you have to do something to the crust.”

That ‘something’ involves the principle of plate tectonics.  Millions of years ago, incredible forces within the Earth, tore the outer crust into rigid plates. Some of these plates carry whole continents, others carry ocean floors with seas on top… some carry both. The plates drift slowly in different directions, like giant rafts atop the semi-molten portions of the mantle that encircles Earth’s superheated core. In some cases, when two plates carrying continents collide, the gradual pressure causes the crust to become folded in great, corrugated waves, which is how Mt. Everest and the surrounding mountains of the Himalayas were formed. 

Don DePaulo: “Tibet is a very simple and clear example of two continents that have collided and caused a very large mountain range and plateau to form.  It’s a little bit trickier to tell the story of the Sierra Nevada.”

That’s because mountain building takes place in several different ways. The granite of the ancient Sierra developed more than 160 million years ago - around the time dinosaurs roamed the earth - when two ‘tectonic plates’ encountered each other along the southwestern edge of what would become the continent of North America. One was a thin oceanic plate, (about 3 – 6 miles deep), made up of basalt - a dense rock rich in iron and magnesium. The other was a thick continental plate, (anywhere from 12 – 50 miles deep), composed of a mixture of different rocks - many containing lightweight minerals such as silica, which made the plate buoyant like an ancient ice cube.  But when the two finally met in a head on-collision, they didn’t buckle into giant folds, in addition, the dense oceanic plate pushed itself under the lighter land plate - much like the way a powerful NFL running back would dive underneath a defensive tackle, while driving for the end zone.

Of course the actual event - a geologic process called subduction - took place so slowly that you would have had to wait 100 million years or so for the instant replay. But what you would have seen is how the oceanic plate was forced down, broken apart, and completely consumed, while dragging along with it sediments, seawater and large chunks of the continental plate.  

There, miles below the earth’s surface, temperatures of up to 2,000 degrees Fahrenheit melted and mixed the debris together causing some of this hot, fluid rock or magma to rise back up toward the surface, where it pushed through breaks in the crust, and erupted as a chain of volcanoes. Think about the heated wax inside of a lava lamp, and you’ll get the idea.  

Although this first rising of the Sierra created a mountain range as tall or taller than the one you see today, geologists believe that the ancient Sierra also contained several volcanoes similar to the ones found in the Cascade Range like —Mt. St. Helens, Mt. Rainer & Mt. Hood. 

Yet most of that magma didn’t even make it to the surface.  The melted rock stayed underground, cooling down to form enormous masses and slabs of ‘granite-like’ rock called ‘plutons’ – named for Pluto, the Greek god of the underworld. But since this rock was so hot, the cooling took quite a long time.  That gave the various minerals a chance to crystallize and grow, which is one of the reasons granitic rocks have a ‘salt and pepper’ look to them. 

Hold one of these rocks in your hand, and you can actually see for yourself the white crystals of quartz and feldspar, along with the dark crystals rich in iron and magnesium that were heated and cooled eons ago in this geologic melting pot.  Imagine being able to touch something very ancient that was created in Earth’s most fiery furnace, millions of years ago.

<Segue to part 2>

But if there’s one thing a geologist knows, it’s that the passage of time can have a huge impact on the earth’s surface.  And so, for the next 50 million years, wind, water and ice, eroded the volcanic rock of the ancestral Sierra mountains down to relatively low-lying hills around 3,000 feet high.  The debris caused by all this erosion was carried away and deposited as sediment.  To get an idea of the sense of scale, consider that below some parts of the Owens Valley floor and Hwy 395 are layers of this sediment that are four to five miles deep. 

This erosion also exposed the massive plutons of granitic rock that were buried below the first mountain range.  Called a batholith, this is the rock that forms many of the saw-tooth peaks of the present day Sierra.  But if the Sierra Nevada were whittled down to mere 3,000-foot hills, how were they transformed into towering mountains once more?

One of the longest on-going debates between Earth scientists is about exactly when and how this mountain range was uplifted a second time. Berkeley professor Don DePaulo admits the answer is far from a slam dunk.  Don DePaulo: “One would think a mountain range that’s as prominent as the Sierra Nevada that we would know all about how it formed, but in fact, it’s an area of active research now and we’re still not sure we understand why this huge mountain range is there.”

There is agreement however, that when it comes to the earth, geologic change is bound to occur.  About 25 to 30 million years ago, the North American continental plate came into contact with another oceanic plate.  During this period, a substantial amount of thinning and stretching took place in an area called the Great Basin - a vast region that spans from the eastern edge of the Sierra to about where Salt Lake City, Utah stands today. Geophysicist Dr. Stephen Park helps put it into perspective. 

Stephen Park:  “In other words, if you were to think about taking a plane from Denver to San Francisco 30 million years ago, it would take half as long as it takes now. That whole area has stretched. When you stretch like that the crust gets thin; it also breaks up.”  

While this stretching is still going on, evidence of that break-up can be seen in the formation of ranges like the Inyo-White Mountains visible to the East and the creation of enormous basins such as Owens and Death Valley. 

But there were other forces that came into play to cause the second rising of the Sierra – an episode of mountain building that took place in “the blink of an eye” when compared to similar events on the planet’s geologic timeline.  Stephen Park: “Increasingly the evidence is showing that 8 million years ago, the Sierra Nevada started coming up and in the range of 2 to 4 million years ago experienced an accelerated uplift.”

As a result, the ancient Sierra “hills” were turned into the spectacular mountain range we see today. Specifically how that happened is a source of intense scientific debate, but it’s generally accepted that at least two forces were likely involved.  Not surprisingly, one of them involves plate tectonics.
Stephen Park: “You’ve got three major ways in which plates can interact. They can come together, they can pull apart, or they can slide past one another.  And California has examples of all three of those kinds of plate margins in one state – and they’re active now.”

Pinch anything- whether it’s the skin on someone’s arm or the dough for the crust of an apple pie – when you apply pressure from opposite directions, it’s going to cause what ever is in between to rise. This “pinching motion” between the oceanic and continental plates is responsible for some of the second uplift of the Sierra Nevada. 

Other components that could be involved in the rising are the upward buoyant force of the lighter weight granite on top of the denser iron rich basalt. Or an underground molten pluton of rock could be pushing the mountain range up from below.  And as geophysicist Dr. Stephen Park points out, it is often the knowledge of a few things in particular that leads scientists to ask even bigger questions about something else.

Stephen Park: “So the question basically is, if we think we understand all the buoyant forces creating the Sierra Nevada and the forces that are there to produce the uplift, why did everything hang around doing nothing pretty much until the last say, 8 to 10 million years and then suddenly, lots of things take place? That’s the basic question we are trying to understand here. That’s what’s so exciting about it is to try to understand it.”

Until that answer is discovered, scientists, as well as artists, poets, and men and women from all walks of life will continue to contemplate and appreciate this spectacular mountain range and everything it has to offer.  Ansel Adams, one of the 20th century’s most acclaimed photographers, focused his camera lens time and again on the majestic face of the Sierra Nevada. He explained the reason this way: “No matter how sophisticated you may be, a large granite mountain cannot be denied - it speaks in silence to the very core of your being.”

As you travel the 220-mile Eastern Sierra Scenic Byways with its scenic pull-outs and kiosks, we invite you to get off the highway and stop at one of the visitor centers, museums or chambers of commerce. You’ll find that local residents are more than willing to share their passion for the region.  By exploring on your own, you will truly come to appreciate all this diverse and dynamic landscape has to offer.

